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Abstract

The objective of the present study is to show how to analyse
sequences of power developmant from the economiec point of view using the
Sequential Analysis Methodology.

Me will be dealing with "Centrais Eletricas de Sac Paulo”
Cenerating System, Wa uged real data whenever ic wam available.

n

Addditional information came from several existing reports, including
some cos5k estimates, .

To show the methodology we studied cwe sequences 4 and B and
compared one anather, These sequences differ from one another only in
the schedule of comstruction of some power plants. The period of atudy
was of 20 yaprz, from 1971 to 1990. Assumptions were necesszary like
in other long-term studies. Some gimplifications ware introduced to

permit us to cope with the work in the available time.
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Chopter 1

l1.1. Intrcduction

Power utility companies are contincusly faced with the problem
of adding more generating capacity to its system to meet the growing load
demand. The alternatives to accompliah this are numerouws. Fiysk, there are
the different energy sources and second there is the date and magnitude in
which each one should be developsd. Two important asgpects in the svaluation
of a power gystem, to be pointed out in this bhrief intreduction, are fipst,
that each nev station must not be considered as an isolated one ﬂut as a
unit iategrated, chronologically, in the whole system and secend, that the
analysis must be extended gver 4 significant '‘period in which seaveral units
are intreduced forming, with the existing ones, & sequence of power stations.
One  would ° 1ike to investigate quite & few possible alternativea and make
an economic evaluation of them before deciding which should be the best
sequetce of development to follow. -

The planning of a genevating system has to be done a few decades
ahead. Conmitments are made several years ahead taking inte account the
time involved the deciaion to comstruct a power station up to the time it
starcs co eoll energy. '

i
. These paver development planning studies usually are made over
# pericd of 20 to 30 years.’Like in cother long-term studies it ia very
sensitive to the assumptieonas that are being made.

Electricity can be generated by different sources and in a power
system the main problem is to find the most economical and reliable
conbination of them te cope with the power demand, These ars the hydea power
plants, the gas turbines and the steam power, plants; the last ones mpst be
fueled with coal, oil, natural gas or with the nuclesr fuel, Each one has a



different cost structure. A hydrc plant, for instance, has a high inmitial
investmenk, a reiatively low £ixed annual charge, no variable charge and
usually comea in larpe bloecks of capacity. On ﬁhefﬁther hand steam plants
have a low initial investmené, a higher fixed anmeal chavge, a aignificant
variable charge (wainly cest of fuel} and may be intreduced in small unita,
Due to this fack, a'ayﬂtam iz usually composed of both hydre and steam
pilants, each cone opersting in a certain 1evellnf the load du#ati&n diagram.

To be more precise concerning the cosi-structure mentianpd above,
the nuclear power plants are in between the hydre and the coal or ail fired

-

planta.
1.2. Cbhijective of Thesis

'We want to show in this thesis the impertance in power plqpning
of a broad inveatigation of sll possible alternative development plana .
before taking & decision. The smount of money imvelved in these power
developments are such that it is Imperative that an econcmic analysis is
done tc show the merita of each plan. Usually this economic analysia -is
gimplified to a cnqé'cnmparisénr between the different plans cnce the
Lenefits are the same that is, are the production of the encrgy to cope
wich the demand. Other times, when intangibles are invelved, the analysis
" gets more complicated resulting for different pecple different value to
intangibles and we do mot have yet a methodoclegy to analyse intangibles
thot i3 accepted by everynn;. Alwaya it is very impertant that plannera
show to the decision mskers sverything that is lmvelved on each altetnative
snd how much it costs.

We propose in this paper te show how to make a comparative
evaluation in the field of power planning using the Sequential ﬁnalyaié
Hechodology. In order to do this we could chovse any example and our choice
fell en a hypothetical prqblém~that seems to me very interesting.



The power system that we ghall be dealing with in this thesis
ig the "Centrala Elatricas de S3o0 Poulo" (CESP) Generating System. "Cen-
rrais ElBtricas de Sio Paulo" is the company responsible for the generation

of electriciry the majority of the SAo Paulo atace marker.

The Sac Paulo State power market is mainly In the Sao Paulo city
and surrounding areas, the whole area called the "Grande Sac Paulo" (Great
Sao Paulo). In this area is concentrated the lapgest industrial complex of
not only Brasil, but of all-South Amorica, and consequently where we have
the largest energy copsunption in the country. ' )

We ghall investigate if rhe hypothetical peostponement of the
construction of fhe'Ilha Solteira power plant would have been mote econcmic
than the construction now. Of ccurse this is only an acedemic atudy for,
Tlha Solteira is already under conatruetion, with ika firat turhines
gheduled for 1973,

s

In a hydro station normally the larzpest part of the capical cost
is investgd before the Eirst turbine can be installed; these initial
expenditures are related with the construction of the dam and spillway
which invnlves‘tha-;nnstructiun camp, construction eguipment, land rights
and relocations, civil worka, engineering and administration and interest
during construction. Only about 20 per cent of the capital cost is
asspciated with the turbines and generators. Ilha Solteira is a power
plant with a low cost per ©f inatalled {US$ 196) but very high initial
investment (US§ 627 millions). Of this total cost we could asaume that
the parcel correspondent. to the turbines 'and generators could be
distributed through the years as they were installed.

Looking at CESP present system of 2050 MW installed capacity
and a demand of 1250 MW we are encouraged to.assume in thie study that it
is too early to add to the system a power plant of Ilha Solteira's

L



magnitude. There are other smaller developments that should have taken
place bafora, With this in mind we found vexy challenging the inveacigation
of the postponemant of [lha Solteira in cowparasion with the actual

coursa of development to find oue which one would have baen cheaper.
L.3, Heghudulugy of the Invastigation — Seguential Analysis

We hqve‘mantioned earlier the importance or the study of
-alternatives sequenced of power development and the following economic
evaluation of them. The econcmic evaluation of sequences of power
devalopment ia not a very simple matter for there are a number of different

kinds of wariables involved.

The first thing we have to know is that different kinds of
stations, hydro,steam donventional and nuclear have a different cost
structure. This has already been gxplained in the begioning of the chapter,
when we were trying to show why nsually the meost ecenomic power asystem
results from & combinacion of hydro and thermal siations. Each atagion iz
mora advantagecus compared to the others if operatsd at.a certain interval

“*of load factors. |

Second, we cennot make a comparisen:. between alternative power
staticng if we cdnsider the stariona isolated fxom the rest of the system,
We have to consider & whole sequence of power developments over 20 to 30
years to be compered to another whole sequence of power developments over
the same period. We also carry the analysis during the entire life time of

.the power plants. Since the thermal plants ﬁave a useful life of half the
hydro plant, we consider at half way, in the analysia, the substituion of
the thérmal plant by another exactly the same.

In composing alternative sequences of power development, for a

certain system, for the future 20 to 30 years, the first thing we hava to



prepare is én energy load forecast. Thexe ave varioua metheds of arriving
at futuro cnergy needs and they vary from exteapalatcionz of past enerpy
consumption to detailed analysgis of future specific uges. They all take
into account up to different degrees the past experience in Braail and in
other countries and the estimates flor futute economic development of the
region. Once we have prepared these curves - snergy and peak piua reserve
capacity demand (For example see Figure n? 2.5,) - wa aspume that this is
what the system has to supply in the forecoming years. The power induscry

is not rllowed to run short of energy and the demand forecast ia what we
have to assume it has to produce, oven in the most adverse river conditions,

in case the system ineludes hydro stations.

Unce we have ready a power load forecast for the system wWe must
prepare a list of all pessible future hydro power developments, apnd the
characteriastics of each onéd: gsite location, stream flow reeprda at the site,
available head and cost estimates. Next we must have costs on the other
kinds of power otstions: steam power plants, and in theze we must congider,
conventisnal {cosgl, oil and natural zas) and nuclear.

Then we start Lo compose a number of sequences of power development,
all of which produce enough to meet the market requirement during the peried
of study. Onee we have accomplishad this we proceed with the economie
evaluation of each sequence. We assume that the benefir of each sequence is *
just the production of the energy demand, for asurplus capacity and eaergy
are of little value. Since dvery sequence has the same benefit the economic
analysis turns out to be a cost comparigon-, One of the means of marking
this econcmie anﬁlysig of alternative power developments is through  the
"Sequential Analysis Methodslogy".

- The ennual costs of each sequence are ﬁﬁmpnsed of fixed annual
charges and vsriable annual charges the :ai&EIatian of annual fixed charges

offer no difficulty. They consist of: interest, depreciation, operation and



maintenance, The cost of energy from hydro plants is composed of only
gnnual fixed charges, but the cost of energy from thermal plants ia
composed of fixed charges plus variable charges which comsiat of
ineremental operation and maintenance plus the cost of fusl, To cazlculace
1the cosl of fuel, we must determinace sach year the average thermal

ENergy requirements and this is the most rime consuming part of the
sequential analysis study. This caleulation Lf done accurately involves

a large ampunt of work hours and computer services. When time and money
Are pat aveilable, ome has ro devise an approximate way of calculating
these average thermal energy requirements and we shall explain, in che

next chapter, how we overcome this difficulty in our atudy.

Afrer the determination of the total annuzal cost for each
sequence and for -each load condition, we proceed with the calculation
of the present values of these costs and total up these figures Findiog
out for each saqugncé s total present value of all costs. HNow we can
compare the total eosts of each gequence at 4 common data and determine
the least cogtly alternative or, in other words, tha wmost economical cne.
We have deseribed br1ef1y how to procead to evaluate the
merits of sequencoss ‘of powar devalnpmann utilising the sequential nnalyulu‘
methodology, In tha next chaptar we shall pxplain in mora detail how

thiz is dona.



Chapter 2

2.1. The Drganization of the Brazilian Power Industry

© Brasil, for the purpose of power planning is sub—divided in
five areas: north, north-east, wast-central, south—-gentral and south.
(Sae Pipure np 2.1.)

The South Central Region embracaes the states of Sas Pauls,

. Minas Gerais, Guanabara, Rio de Janeiro and Espirite .ISantn. It
oceupies a very important place in the country holding 45% of its
population and is responaible for 70Z of the country’s industrial
production, 40% of its apriculturzl prnducfinn and 80% of its electrical
power congumption.

' Concerning the organization of the Brazilian power industry
we must mention first the name of ELETRODRAS, abbreviation to "Centrais
Elaetricas Brasileiras™ {(Brazilian Central Electric}, iti functiog and
respensibility in the power planning of the country. ELETROBRAS is a
joint atock company created im 1962 by the federal povarmment and in
which it holds the majority of .the shares. Tt opecates by means of its
asscciated and subsidiary companies and has the task te execute the
national energy policy., BSubsidiary are the companies in which ELETROBRES
has the majority of the shares and associates are those in which it has
minerity of the sharea,

This fedaral agéncy has three main funetionsy first, ic is
a planning agﬁngy, and as such responsible for the formulation of the
nationzl energy policy; second, it is a hulding.company having shares of
almoat all power utility companies that operate in Brasil; third, and
very important, is the function of investment bank in the sector, helping
fipance most of the power plants including transﬁissiﬂn and digcribution
lines under construction. uk

The policy of the Brazilian government for the expansion of
1 . 1
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our power system is that it should be done essentially theough federal
and state owmdd utiliey companics.

As subgidiary and associates of ELETRDERES_we have a number
of power utility companies that cperate in thejﬁuuth Central Regicnf
The largest oneg are: CESP, FURMAS, C.P.F.L. and CEMIG. We also have a
private company called "Rio Light and Sac Paulo Ligﬁt ~ Servigos de
Elatricidade $.A.", 530 Pauls Lipht is the company formerly responsible
for all pawer generation and distrihutiqn in the area of Sao Paulo and
present only expanding its distriburion system.

FUIRMAS, abbraviation to "Centrais Eletricaz de Furnas", a .o
subgidiary of ELETROBRAS iz mainly a-aupplier1of electricity in bulk for
the South Central Region market,

CEMIG stands for "Centrais Eletricas de Minas Gerais™ and is

-an ansociate of ELETROBRAS., It serves the major part of Minas Gerals
and also sella bulk power to cther concessionaires.
C.P.F.L. abbreviation for Companhia Paulista de Forga e Luz
iz a eubsidiary of ELETROBRAS responsible for the distribution of
electricity in part of the 830 Paulo Stata. Ita generahing capacity is
gmall and, it buys enerpy from FURMAS and CESP.
CESP, as we have mentiened earlier is an associate of ELETROERES,
. respansible in the futura for most of the electricity production and part
of the distribution in the Sio Paulo State. CESP originated in 1966
from the merging of eleven smaller componles and is one of the largesat
companies in Brasil. Its capital is distributed among the Szo Paulo |
government with 89% of the shares, the federal government with 10%.and
the remaining 12 belung{ng to private shateholders, and other state
gnvernmentﬁ., .

Fipure n$2.2. shows the area in the Sac Poulo State in which
CESP is responsible for the diatriburion of electricity. Table n? Z.1.
showa the disteibucion among the several cnmpqniea in 1970 and projected
for 1980 of the supply of power in the South Central Region.

T,
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Table ne 2,1, CESP’s Position in the Power Supply of the South

Central Region

Per cent of tofal energy production
aof the Ssuth Cencral Regiom

157G 1380
CESP 16 35,
FURMAS . 24 33
LIGHT 26 11
C.P.F.L. 8 . 3
CEHIG 0 14
Cthera - ls L]

Source: "Relatorie Tecnice 1970 - CESP™

2.2. CESP's present system composition ~

2.2.1. Gaography

The State of Sao Paulo embraces part 6f the Parana basin and
part of smaller Coastal basins, &s the Paraiba basin and Ribeira basin.

(See Figure n? 2.3.),

Mear the coast,”’we encounter a mountain range, called "Serra do
Har", extending from norch te south of tha State on Brazilian Atlantic
coast. So, frmﬁ.aea level, on the directiom of the interior of the confinent
we have a small cnnﬁtnl plain and-a mountain rang;, which bringa us up to
elevations around 700 m followed by a plateau whera is situated the ciey of -
520 Paulu. From here the slop drops pently toward the interior of tha
contineat until the Pavana viver,

e

hea



‘As & tesult from this geographic configuration we have some
high head power developments ncar the coast, usually with the reveraton
of the upper part of a viver basin to the sea, and cascade developments
in the rivers running to the interior, moat of them affluents of the Parana
tiver. The Paraiba and Ribeira tivers, with headwaters i the "Serra do
Mar" run for a while paralled to the coast and then, toward the sea, each
one with its own basin. .

2.2.2. History .

In the past, some 30 ydars ago, engineers working for & private
enterprize, now called 5ac Paule Light — Barvigos de Eletricidade 3.A.,
envisioned the most imterssting power development with the reversal- of the

waters of the Upper Tiete and Pinheiros rivers te the sea. In thia plan

with only & few meters of pumping they could tse a head in the order of 700
meters in their turbines. This development supplied Sac Paulo with abundant
electricity which must have been one of the incentives to the tremendous
industrial davelopment that we find now in the area. This came in addition
to the already existing favourable gituation of Sao Paulo, having am”
excellent moderate climate and eagsy maritime communication via the port of
Santoa, only 60 Km from Sac Paula.

Following the natural procaedure, once the hydraulic potential
neay tha lnad center waa exhausted, one had to look for sites wore distant.
This is when the develepment df Ric Pardo, Rio Tiete and Rio Paranapanema
heging and today the development of Rio Parana, with the Jupia and Ilha
Soleeira power plaﬂta, the last one, 3till under censtruction.

2,2.3. Exiating system

CESF has the following power stationa in operation or under
congtruction. {See Figura @ 2.4.)

10



Table n® 2.2. CESP's Power Stations {Jan. 1971)

Nare Installed Head Condition
Hydro Stations: Capacicy (m} {*}
. (MW}
Tietd:
Barra Bonite 122 20 4]
Bariri 124 23 "0
Ibitinga 114 ) 21 0
Promisesan 210 24 c
Pardo: )
Graminha ) (it} L ]
Euclides d& Cunha G4 40 1]
Limoeiros 25 - 27, 0
Faranspanema?
Jurnmirim ) 85 a1 Q
Xavantes £00 69 0
Salto Crande 61 18 o
Capivaxa _ 640 . 47 C
Parana ' n
Jupia (*%) 00 . 23 L
Tiha Solteira {W®) 4580 - [ C
Ochern: -
Jagueari 20 0
Thermal 40 0

(*) Conditiom: 0 =in-operation; € - under construction
(*#%) Final inscalled capacity sr Jupia: 1400 MW
Ilha Solteiwa @ 3200 MW

li




CESP's present (January 1971) installed gapacity with the recent
addition of Xavantes power plent to ite system is;

Table n? 2.3, - CESP's Present Installed Capacity

' Power Plants Inﬂtn}led

Capacity
(HW)
Tierd: Earra Bonita 122
Barirti 124
) Ibicinga il4
Pardo: Graminha 68
Euclides da Cunha 94
Limapeiro 25

Parsnapanecmna: Jurumirim 85

Xavantes 400
Salto Granda &l
Parana: Jupia S00
Jaguari: Jaguari 20
Thermal: 40
TOTAL 2043

12



Tabkle w? 2.4. — CESP'a Reservoirs

¥sable Usable .
River Name Storage Storage Condition
Eapa:ityl 3 Capacity
in million m (m;fa.manth} (%)
Tieta: Barra Bonita 1550 600 0
Promissaa 2100 811
Pardo: Graminha 633 . 193 i
Parapapanems: Jurumirim 2000 1120 0 l
Xavantes 3000 1160
Capivara 1500 580 G
Paxana: Jupia 750 230
Ilha Solteira 10000 3860 . G

{*} fonditiont ¢ - in operatien; € - under conatruction

2.3. Posaible Capacity Additions

Ag we have just seen CESP's system is In the all-hydro phase of
development., We say that & system ig in the all-ltydro phase of develepment
when it has a majority of hydro atations in itz system. In the South Central
Region there are still gome potential hydro developments of which CESP has
a chance to get its concession. Afrer theae have been axhausted the load
growth will be met by steam stations, cunyenti;nar and nucleaxr, and maybe e
little incremental ecapasity at some hydro power gtaticns. The syeten paases
then £rom the all-hydro phase to the hgdra—giaam phaaa.

13



The natural vesocurces in Brasil are under contrel of the fedegal
govarnment, and for the construction of a power atation Lt ie necessary to
obtain & permit from the govermment which for hydro plants normally arae

valid for 3D years.

2.3.1. Patential Hydro Developments

According to CANAMDRA inventory and preliminary studiee (R-5) we .

have in Table n? 2.5. the following moat intereating potential hydro

developments. !
Table n¥ 2.5. - Pnéential Bydre Davelopments
Usabla Usable
Hama Installed Head | Storage Storage
Capacity Capacity Capacity
(MU) (m) |tmiliion m”) | (m3/a.month)
Paranapanema riveg: )
~ Piraju 120 56 pondage pondage
- Cancas . 260 a3 550 212
~ Taguarugu 330 26 pondage ipondage
Grande rivar: .
= Agua Yermelha 1360 55 pondage pondage
Parana river
- Ilha Grande 3840 27 20000 7720

P |

With the total installed capacity of 2050 MW inr 1971, CES? -has
only a capacity demand plus reserve of 1250 MW. (See Eigure n% 2.6.)

A few years ago CESP daubled itg'inﬂtalled capacity with the

L4



untreduction of Jupia (900 %) and will soon introduce another very large
power plant in the Parana river, Ilha Solteira (2560 MW} which will double
again its inatalled capacity. Ilha Solteira’s first turbines are scheduled

to come imto operation in the year 1973.

CESP has also finighed a feasibility study for the installacionm
of there 200 MW unita of ail fired thermal stations to complement its hydro
energy generation., The project has not been approved for i@mediata
constriction mainly becauae’ of shortage of fuel oil from tha Brazilian oil
refinaries. Most likely although, near 1980, the &00 MW thermal powar plant
sball be built. '

2.4. CESP's Power Market

To reach at a power marke:.fnrecast for CESP's system, one must
first prepare a power markat.forecast for the whole South Central Reging.
ELETRCBRAS has recently (June, 1963) finished a study on power forecast
through 1985 for the Sauth Central Repgion called "Power Market Study and
IFurecast for rhe Sauth Cencral Regian". CAMAMERA formerly had also prepared
a2 study onh pover market formcast for the South Central Regionm. ELETROBRAS
stady i3, in svery sense, a new one and did not attempt to use CANAMERA
eatimates, This was not to criticise CANAMBBA results but to give a fresh
sensa of objectiviry to the matter. The basic assumpticn used for tha
preparation of this study was that the country's economy and its evolution
is one of the major determinants of electric power consumpfion level and
growth rate. )

Based on ELETROBRAS, power market study the Planning Department
of CESP supplied us (R-F) with the following prejection for the peried from
1971 to 1950 for -CESP system. - .

T
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Table 2.6. = CESP's Load Forecast (High Rate)

Energy Energy Energy Capacity |Capacity

demand demand denand demand plus
Year | (MW continuous) supplied supplied M) rasorve

Sao Paulo and by others by CESP (M)

South Maco Grosso| (MW continuous) t {MJ continuous)

Market
(1) {2) (3} (4) (3 (6)
1970 2382 1762 620 914 1016
1971 2625 1774 851 1255 1354
1972 Z893 1798 1095 1615 1794
1973 3158 1322 L1366 2015 2235
1974 3514 1852 1662 2451 2723
1975 3328 1382 1546 3139 3488
1376 4185 1913 2267 3656 4062
1377 5575 1954 2621 4227 4697
19374 5002 1996 3006 4848 5387
1879 | 5470 20138 3432 5535 6150
139380 3910 2080 3830 8503 7226
1881 6506 2080 4426 7514 83449
1932 7155 2080 5095 8616 9573
1333 7874 2080 3794 g8a37 10830
1484 Boh4 2080 56584 11178 12420
1985 4471 2080 7391 12548 135942
1986 | 10422 2080 B342 14361 15737
1387 | 11470 220 9380 15642 17713
1988 | 12623 2080 10543 17900 10889
1989 | 13843 2030 11813 20056 22384

- 1990 | 15291 2080 L3211 22430 249232
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Table n? 2.6. - CESP's Toad Forecast (Median Rate)

Energy Energy Enerpgy . .

RS Bveect R e | R - R g
tear Szo Paulo and by others by CESP () reiﬁa;e

South Mato Grosso| (MW continudus) | (MW conhinucus)

Market
(1} (2) (3) {4) {3) {6l
1970 2355 1762 543 875 932
1971 2582 1774 BO8 1192 1324
1972 2830 1798 1032 1522 1691
1973 J102 1322 1280 1888 2098
1374 3402 1852 1550 2284 2540
1975 36813 1882 1841 2905 3228
1976 4007 1918 2089 3369 3743
1977 4360 1954 2406 3881 4312
1978 4744 1996 2748 4432 4924
19374 5162 2038 3124 5038 55499
1980 5544 20180 3469 5890 6544
1581 a070 2080 39540 ) 7527
1982 6639 2080 4559 7740 8600
1983 7262 2080 5182 B758 9vie
1034 7945 2080 5845 5958 11064
1835 2631 - 2080 6551 11122 "12358
1086 D444 2040 7364 12503 13892
1987 10334 2480 8254 14014 15571
1988 11308 2030 9128 . 15667 17408
1344 12375 20430 10295 17471 19421
1330 13545 2080 1311455 19463 21628

b
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Table n? 2.6. - CESP's Load Forecast (Low Rate)

Year | Enerpy Energy Energy Capacity | Capacicy
demand ‘demand demand demand | plusg
(MW continucus)| supplied supplied - (M) | reserve
Sao0 Paulo and by others by CESF (¥0d)
sﬂih Mato Grossd (W continuous) | (MW continuous)
() & (3 (4) (%) 6)
1570 2329 1762 567 836 G929
71 2539 1774 - 765 1128 1253
72 2768 1822 G970 1431 15940
73 1017 1852 1195 1763 1959
Fx 3289 1718 1437 2118 2354
75 3538 - 1054 1656 2671 2068
76 | 3829 1996 1911 3082 3424
77 4144 2038 2190 3532 3924
78 4486 r 2080 2490 4016 | 4462
79 4855 . 2080 2819 L4584 5049
80 2183 2080 3108 5277 5563
81 ‘5635 ' 2080 3555 6036 6707
Bi 6122 2080 4042 6862 1624,
83 6651 2080 4571 ] e 8623
B 7225 2080 5145 8735 9706
a5 1752 2080 5712 9608 10776
BE 8465 2080 6385 10840 12044
B7 9197 2030 : 7117 12083 13426
88 9993 | 2080 7913 13435 | 14928
89 ,| 10858 2080° Bv74 14963 16559
of 11798 2080 o7Le . 164510 182332
-
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 Growth rate (R-F)

annual % of load growth

70/75 | ?5/8D | BQ/8S | 85490

SAD PAULO

MATO GROSSG

High rate

Low rate

High ratec

Low rate

10.2 9.3 ig.0 10.0

9.0 B.Z2 B.& 8.5

15.4 20.8 13.0 18.0

14.9 | 19.1 16.0 16.0
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Chapter 3

Study Prasentation

He have in.the preceeding chapters tried to pgive the reader a
brief introductien to power planning pfobléma and some information about the
Bragilian power indistry orpanization and particuilarly abouk CESP's power
syatem, We have expressed the importance of the planning studies to tha paover
industry and how challenging .the problem of finding the most attractive
sequance of power developmenta becoma, We have sajld before that one ecan
evaluate the merits of each sequence of development through the seguential
analysis methodelepy. We shall explain in this chapter how we went sbout in
our work of the avaluation of twe sequences: Sequence A in comparasion to

Sequence B,

We have showed CESF's existing system, CESF's load forecast and
have listed the potential hydre power developments for the expanai?p of its
generating system in the future. Now we shall present and explain all the
steps and necegsary calculations te accomplish this cconomic analysis. We
muat start first by the presentation of the cost estimetes on porential power
developments, both h?dru and thermal. ) ’

We shall remind the reader that chrough our study we have
lptroduced some aimplificaticns so that we colild cope with the work in the

available time.

3.1, Cost Eatimates

1.3.1. Hydro Power

The costs af hydro power plants varies tremendously depending on

the available head, streamflow records, site*1upugraphy and distance from the
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load eenter. Nowadays we vwsually are faced wich potential hydra developmenta
‘distant from the load center for the near ones have alresdy been develaped

-

ar incramental capacity ar existing sites.

The following cost estimates of tha Hydro power plants under
construction were obtained in CESP's Planning Department (R-F). The costs of
petentizl pawer plants were taken from CAHAHBRﬁlFeaBihility Reports (R~5)
and atnelized te 1970 costs, in the same proportion that CANAMBRA figures
(1965} were differeant from CESP's actual costs of power plants already
constructed or under construction. This is only an approximation and-in &
real study it would be necessary to review all CANAMERA Feasibility Reports

in detail and make new cost estimates,

Takle n? 3.1, - Nydro Plants Cost Estimaces

Cap{tal Caost Ingtalled | Cost |Trans-
Namae in millions of USS Capacity | US§/KW|mission
- M) {*) Costg
Canambra's | CESP's Eatimate Uss/Eu
eatimate eatimate | in oursacudy (*%)
1965 1970 1570
Ilha Solteira 530 627 627 3200 196 67
Ilha Crasde 4La7 660 1840 172 70
Capivara 112.4 155 155 640 242 6D
Firaju 29 39 120 315 z0
Canoan 51.5 &9 250 255 24
Taquaruguy " 52.8 10 330 212 - &0
Promigsao ‘ 130 130 210 620 12
ﬁgua Yermelha 191.9 244 1334 177 10

{*) These coscs do not include transmission cogts.

{*%) Transmiasion costs taken E£rxow Capambra Report
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1.1.2. Thermal Pawer

- Conventional 0il Fired Steam Plant
CESP recently. ordered a study on thermsal complementation of

its hydro system. This study was done by a consertium of twa firms - Sanderson
and Porter, Inc., New York and Serviges Eletrotecnicos Ltda. (Seltec) (R=~7)
and was finished in February 1970. The study came to the conclusion that CESP
needed three 200 MW units of conventional thermal power tn be added to the
system as soon 83 poasible and prior to the commissioning of Ilha Solteira
plant. The project epst estimate was prepared on the basis of scheduled
operatien for Unit n? 1 on NMovember, 1973, Unit¢ n? 2 on February, 1574, and

Unit n? 3 on April, 1974. .
| Thermal Piant . Total Inst. Capital t Cost in Fuel
. Capacity Cost Cost
(M) (millions Uss /¥
of. US5)

1, 200 M7 units of 600 129 215 | 4.0 millafkwh
oil fired thermal ' , ren
olant . | {47 cents/10° BTU)

" Mote: These costs include transmission.
Fixﬂd ﬂnﬂuﬂl ChErEE: I“tﬁrﬂst AR B NN A R E RN RN e YR E R S R R R Ez

(Sinkiﬂg~Fupd) Amortizetion
(25 Y’Ears 1ifE} R AR 1.&:

Operation + Maintenzanta ..seeivevuvesrvruss LoOA

Tﬂtﬂl +abhranguppasarn lé&fllilliliiiil;lliiill I



= Muelear Powver

The first nuclear power station Iin Brasil is now stﬁrting.
sonstrustion by FURNAS company, Lt shall be a 600 MW unit and will be
situated 1n the Atlantie coast in the state of Rio de Janeire near the
‘city of Angra dos Reis. Bids are already opsu to the world market but
Brasil's choice and ﬁiices are not yet available te the publiec.

A recent study @aﬂa for thé V.S.Atomic Enerey Commission (R-9)

shows that, presenkly, the unit capital cost of a nuelear plant {Light

Wacer Reactor) is 25% hipher than the cost of a fossil fuel plant. The same
study also came ko up teo date cosks for uniecs of 1000 MW each, in‘the United
States, one nuclear and another fogsil. These costs were USS 196/KW for the
Eosail plants and US§ 240/¥KW for the nuclear plant. On the other hand we
have the costs for fossil plants in Brasil from the recent study done by
Sandersan and Porter and Seltec for CESP. This study indicates a cost of

US$ 215/KW, From this cost and 257 higher we obtain for noclear plante a
cagt of U85 270/Kw. These coats of USH Z15/KW and US$ 2TO/KW are éunuistent

with the ones piven in the UrS.Atomic Energy Commission Report.

Insealled Capital Fual
Capacity Cost Cost
(1%} (US$/KW) mills/Kih
(R1}
Nuclear
Units 1000 270 S U
Fixed Anoual Chazge:!: Interest ...... Padasans vraerrnsssrnaceranseas B0 3

(Sinking Fund) Amortization
{25 YCcars lifE) T T, 1-4 z

Operation + Maintenance «vecrrevesrnacssnnss 200 %

Tﬂtﬂl i!-l!-!-lliill!-‘-liil?:hlHiiiill‘iili.l.lliillliﬂz
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n

The unit cost for the firsc Bragzilian nuclear plant should be
higher than the coast wa are agsuming here, The ransons are the Brarzilian
inexperience with the new technelegy and the lack of industrial backpround
in the nuelear field, shipping costs, ete.

3,2, Sequence Composition

The proposed two sequences of power development dszer from ene
annther only in the schedule of the censtruction of poma power plants. A
period of 20 years was studied, and at the and of this period both sequences-
were agssumed to have the same :om?usitinﬁ. This fact allowed us to srudy
only the costs associated within this period, for the reat ig a constane to
both. ‘

Saquence A is the sequence that represents what CESF has planned
up to 1980 and from there on, up to 1990, a hypothetical sequense that was
agsumed hy us,

Sequence B is a hypothetical sequence all the way, in which e

postpone the intreduction of Ilha Solteira power plant by five years.

T cumﬁus& these gequences we have worked with CESP's load
forecast {See Figure n? 2.5. Table §% 2.5. and 3.5.) for the 20 year
period of study. In Table n? 2.6. we find Col. {4) with the energy demand
in MW -continuous and Col. (6} the capacity plus resdrve demand in MW of
CESP's system. Table n? 3.5, was calculated from the following informatiea.
in Table o% 32.4.-and giTea us the required energy, in MW“continucus for
each month and load year of atwdy.
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Table n¥ 3.4.

- Seasonal Lead Facter Variation

Month Per cent of energy Per cent of
to average month annual pealk
Jan. 90,7 B5.9
Fehb. 93.9 EB,.9
March 95.4 0.3
April 95.9 0%.8
Hay 00,7 04 .4
Jupe 00,8 95.4
July 103.3 97 .8
Aupuat 105.6 100,09
Scpt. 104.9 9%.3
Dct, 104.2 98.7
Nov. 102.7 97.2
Dec. 101.7 956.3

Source: CANAMBRA.Report Vel. VII, appendix 15

We needed also the flow records at each starion, and we ohtained
from CESP the flows in the period foem 1932 to 19590.

1

. The most important thing in composing A sequence is to make sure
that it produces enough energy even in the most advarse river conditions.
The power industry is not allowed to rum shorr of encrgy. We call chis
upératian. to verify if -the system is firm. We utilize the driest pericd of
record, in cur study this was from July 1954 to Movenmber 1955, and calculate
menth per month the availeble eneréy in all hydre plants from natursl £lows
plus atorage reservoirs and from all thermal plants and compare it with the
demand. If we can produce encugh enerpy to cnpa with the demand in this moat
unfavourzble period of river flows, we say thnt the system ie firm . This, iIn

22
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other werds, means to say that we can fully utilize all our hydve capacity,

This operation is done for every load year in the period of
study, and that In our study was from 1571 to 1990. For this operation
we utilize Table n 2.7, in Sequence A and Table n? 2.B. in Sequence R,
.In these Tables we listed for every load year the required enerpy, next we
listed the available hydre energy from natural flows, then the available
energy £rom the thermal plants and then caleculated sach year the defficiengy
that had to come from éhe réservoirs. In the next column we caleulated the
accumulated defficiency and the largest accumulated defficiency had to be
smaller than the total enargy availabla in the storage reservoirs at the
time. The available natural enerpgy at each load year depends paturally om
" which hydro power plants and their installed capacity that we have in
eperation at that data. In che calculation of the available natural hédrn
we ntilized Table n? 3.6, Hext, we checked for every load year if we had
the required amount of energy {largest accumulated defficiency} in the
storage reserveirs. We have listed in Table nfs 2.4. and 2.5. the existing
and potential storage capacity in cubic meters per second during one month
te facilitate 'these caleulatious, The mnergy value, in MW months, of each
storage reserveir ie obtained by the multiplication &€ the volume in cubic
metaers per se:ondlduring one month times the sum of all the heads in meters
times efficiency of all downsctream hydreo plants. We can observe that the
energy value of a storage ressrvoir increases at the additien to the system

of a downstream hydro plank.

&
In Table n? 3.%. we make a summary of the hydro plants

characteristics with the calculation of the ceefficient (Head.Efficiency}.
L
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Table n? 3.9. - lIydto Plants Characteristics

Name Inﬂtn}led. Eﬁ%ﬂgh' Head GnefficiénE
Cag;;;ty {ﬂg?ac1ty | (ﬁsithffEcﬁéEEF%
n=f 8 .mnnth)t fm) (I-It-:rgmafs?

Jurumipim a5 1120 a1 . . 258 |

| Pirajn 120 - - 56 AB0
Xavantes 400 1160 69 +355
Salto Grande 6l - i8 1446
Cancas 260 ZiZ 33 278
Capivarh 640 . 580 47 38T
Taquarugu 330 - o2 212
Barra Bonita . 122 600 20 .165
Bariri 124 - 23 «191
Thitinga 114 - 23 .+ 191
Promissao © 210 - Bl ' 24 . 200 _
Graminha 68 . 193 94 .750 )
Euclidea da | '
Cunha e -+ 119 - 117 L.000
Limoeiro
Apua Vermelha . 1380 ~ 55 455
Ilha Solteira 200 3860 45 366
Jupia | 1400 ﬁgu . 23 .195
Ilha Grande 3840 7720 37 .291

The simplifications we did here and that we call bulk analyais

was to overcome the time consuming work nf hav%pg to regulate the regaervoirs,
for each load year, in tha dry period and average year conditiong. What we
did was-ta look upon the natural enerpgy separately of the energy from

storage reserveirs. A
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He ghould remind here that ocur aim is to compose a sequence that
produces enough energy te meet the market roquirements bhut neot one thae
praduces much more than the reguirements. We want to be just firm. It is
easy Lo compose a sequence that producas enouph energy when we are not
worried with its cose, buet, cosks are axactly in what we are interested,
for we are looking for the least cosrly alternative for the production of
enevgy demand, To compose a sequence that has muech wore energy available
means that we hava surplos energy and that we ars over committing

invastmanta.

In ocur srudy we dedicated surselves to the evaluation of two
sequences and to compare ohe another. We have assumed that CESP's system ig
small te inesrporate in 1973 a poder plant of Ilha Solteira's magnirude,
with such a large gapacity ready available and high Initial iovestmeat and
asgunmed we gould have done better develnping-firat the small pover plauts
in the Paranapanema river.,

Observe that for the calenlation of the energy production at
each hydro station we did not consider the fact that the available head
varies wich cthe wateé level in the storape reservoirs. This assumption of
having a copstant available Gead may or not be very far from reality,
depending on each site. It was made here only with the purpese of
simplifying the calculations which otherwise would have taken much more
timn.

Note that we didn't consider transmission losses and this was

becaugse we wanted to simplify the problem.
3,3. Coat Computation

Once . having determined sequences that produce just encugh

energy to meet the market reguirements in the driest pericé of record, we
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know that we have not over committed investments not we should experience
any lack of energy. Fow we can proceed with the next phase which is the
calculation of the costs assoclated with cach scquence. We must have the
costs of all sequences to determine which is the lease costly and most
attrackive one., In our case we have two sequences & and B, which after
192} have the same composition, and this allows us to compute only che
costs untll 19930, for the remaining peried would come in as a constant co
both sequences. The [ixed annual costs of the existing system means also a

congtant Lo babh seguences aod in a comparative amalysis can ba ignored.

As we said earlier the noat time consuming part is the
determination of the average thermal snergy requirements for each load wear,
that expressed in dollars, enter cur cost computabion as the cost of fuel,
Note that we said average thermal energy reguiremsars and that ia easy to
vnderscand for the thermal energy requlrements vary depending on the
bydrologic year, and to be unbizsed we are looking for an average figure.
We realize that in a dry year, when our thermal planks are placed in the
base our thermal energy requirements are much larger as compared to a wer

year when the opposite occurs,

It is clear then thabt we are interested in the average thermal
anerpgy requirements. To find chis accurately one shoild reute for every
load year the whole 30 yea}s of record through our hydro plants, see how
much energy they.cquld produce being the remaining supplied by our chermal
plants. For cach load year, we would have then, 30 fipures of thermal energy
requirements. Next, we would caleulate the averape of all these Figures
determining the average thermal energy Tequivements for each load year, This
gperation would be repeated as many times as the years wa have in the peried

of study, in the present study 20 years. "
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In our study we did the following simplification. First, we
proceaded in che same ﬁay as we did for the verificayinn on the £irmness
of cur system in the dey period, but mow with che river flows of the average
¥ear we obtained the thermal energy requirements in the average year. The
averape year is the year that has the same average of the entire period of
racord, Second, we know that the average thermal enersy requirements are
not the requirements in the average year, but a reascnable approximation '
would be that they are equal te: BD per cent of the thermzl energy
requiremenca in the average year plus 20 per cent of the thermal energy

requirements in the dry year.

The caleculations of the thermal energy requirecments in the
average year were done in Table n%s 3.11. and 3.12. and for these we
ucilized the calculations of che natural energy in the average year found
in Table n? 3.10.

The computations of the average thermal energy requirements, as
above deacriped, was done in Table n%? 3.13 for Sequence A and Yable n? 3.14.

for Sequcnce B.

Hext follows the caleularions of the wariabla charges for each
sequence that in other words is to express the average thermal energy
requirements in dollars. This was done in Table n? 3,15. For Sequence A and
Table n? 3.16. for Sequence ﬁ+ . |

- Let's recall that we calenlated the average thermal energy
requirements from our oil fired plants separately from those of our nuclear
plants foxr their fual cbst are different, These thermal energy requirements
are lizced in Colwn.(2) and (3) of Tabtle n%s 3.15. and 3.16.

Let's now calculate the cost of fuel in dollars of preducing

Ty
1 H{ month of energy in each kind of thermal plant.
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Cost of pil fuel for 1 MW month:
Cost of oil fuel = ¢,004 § per Kih
¢ = cost of fuel for the production L MW month = 52925
Col. {4} in Table n%s 3.15% and 3.16 is obtained from the multiplication of
the coefficient C by Col. (2).

Coat of nuelear fuel for 1 MW monch:
Cost of nuclear fuel = 0.0015 § per KWh
K = cost pf fuel for the production 1 MW meonth = § 1100
Col. {5) in Table n¢{3'15}was cbhbtained from the multiplicahion of the

3.16
caefficient K by Col. (3).

Finally Col. (6) is obatined from the addicien of Col. (4} and
Col. {5) and represents the variablie zanual charges. This finishes Tables
nt 3,15 and 3.16 and the caleularion of che variable annual charges or eost
of fuel. We have copied these figures correspondent to the cost of Tuel in
Cel. (8) of Table n? 3.20 for Sequence & and Col. (8) of Table nf 3.22 for
Sequence 3,

Onece we have caleulaced che wariable ammual charges we pass to
the caleulatian of the fixed annual charges. Of course the order in which
the caleulation of variable and fixed charges is done makes no difference
but since the caleulation of the variable charges rakes much more time we
wanted te get tlac dona first, but you could prefer exactly the other way
around!

We have calculated the annual charges af the hydro additions
in Table af 3.18. for Sequence 4 and Table nf 3.19. for Sequence B and have
utilirzed the data of Table a? 3.17.

He enterad these figures in Cal. (5% of Table n? 3.20. for
Sequence A aad of Table af 2.22. for Sequence B.

From the costs given in the beginning of this chapter for oil

- fired plants and nuclear plants we calculated the foliowing f£ixed annual

cthargesa: '
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1=

Annual charge = 1l per ceat of capital cost

Tnita Capital Annual
Size in MW Cost Cost
(millions {millions
ef U055} of US3)
200 43 4.7
&00 129 14.2
1000 215 23.6

Nuizlear theyma)l plants

Annual charge = ll.4 per cent of capital cost

Units Capltal Annual
Size in MW Coat Cosk
(miilions {millions
ef US$} of U53)
100G 270 35.8

Wa entered thase figures in Cols. (é} and {7) of Table n? 3.20
for 8Sequeace A and Table n% 1.22. for Seqguence L. .

e neﬁt, czleulate Col. {9) in the same Tablea, which lists the
total annual cost in each year of the period of study, and thac is from 1971
te 1990,

-

Onee we had caleulated the total annual costs for each sequence,
we passed to the calculation of the present‘value (1971) of these costs and

next the total present value of all costs, which is the sum of all fipures
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in Ceol., (11} of Table n® 3.21 for Bequence & and Table n? 3.23. for Sequence
B and 1s given at the bottem of Col. (11},

Now we have found the total costs in the period of study for
each seguence at a cormon date 1971, and we are able to compare one another

and find out if there is any significant difference and how much this is,

As you can see from Tablean®Ps. 3.21. and 3.23. the total present

value for each sequence was:

Jan.
Total Present Valua (1971)
fin miliions of US$)

Sequence A = 1424.33
Sequence B B o= 1341.46 -
Difference = B2.87

We can say then thac going from Sequence A of power development
to Sequence B we save 83 million US$ which certainly represents a
considerable amount of money. We conclude then that Seguence B of power

developuent is cheaper and more attractive,



Takle n? 2.2. System Composition of Sequence 4 -

Peak . ' . Total Inst,

Year Additions at the end of the wyear Additions .
Requ. Eapac1ty

{1} (2) N &) {4) (5)
Existing in 197D 2050
1971 1250 Jupia 300 300 ‘ 2350
1972 1590 23549
1973 1940 Ilha Solteira 480 + Jupla 200 &80 3030
1974 2350 Ilha Solteira 480 &80 3510
1975 2970 Ilha Solteira 480 480 3590
1976 3420 Ilha Solteira 320 + Capivara 320 N 640 46320
1977 3920 Capivara 320 + Promissao 210 530 5150
1378 4460 Thermal 200 . 200 5360
192% 5050 Ilha Solieira 320 + Thermal 400 720 6080
1280 5860 + Agua Vermelha 69D 600 6770
1981 &700 Ilha Sclteira 320 + Tag.250 + Cancas 260 + Pir.120 950 7720
1982  ¥g20 Ilha Solteixa 320 Ilha Gde. B840 &0 g680
1983  Bg2O Tlha Solteiva 320 + Apua Vermelha 230 + Tag. 80 + Ilha Gramde 480 1110 0790
1984 9700 Ilha Solteira 160 + Egua Vermelha 460 + Ilha Grande 480 1100 10890
1985 10780 Huclear 1000 + Ilha Gxande 320 1324 12210
1986 12040 Nuclear 1000 Ilha Grande 320 1320 13530
1587 13430 Huclear 1000 _ Ilha Grande 480 1480 15010
1988 14930 Huclear 1000 Ilha Grande &40 1640 lea50
1839 16560 Huclear 1000 + Thermal 1000 2000 18650
1930 18330 Huclear 1000 + + Ilha Grande 480 1480 20130

i #’Ju
{_J }b LA

Col.(1]. Shows the load vears.
Col. {2}, chows the total peak requ1rement for every load year. The installcd capacity in 1970 is 2050 MW.

The Figures are listed in MW, ¢
Col.(3). shows the proposed additioms to the system. The figure indicates the capacity installed at the plank
: on that year in MU. The total installed capacity of each plapt is the sum of all cthe figures.
Cel.{4). shows the total capacity additions per year in MW.
Col.(5). shows the tocal installed capacity of the system on each year in MW.



it

Table n? 3.3. System Composition of Sequence B

Year Peak 4dditions at the end of the year - Addicionzs  Tetal Inst.

Requ. Capacity
{1) (2} (3} (4) {5)
Existing in 1070 ¢ i 2050
1971 1250 Jupia 300 E 300 2350
1972 1530 . - 2350
1973 1960 Capivara 320 320 2670
1974 23530 Capivara 160 + Agua Verm. 230 350 3060
1975 2970 Capivara 160 + Agua Verm. 345 505 3565
1976 3420 Canpas 170 + Agua Verm. 230 + Piraju 120 520 4085
1977 3920 Canpas o0 + + Taqua, 250 + Prom., 140 &80 4565
1978 4460 Ilha Solteira 320 + Jupia 200 + Taqua. 80 + Prom. 70 670 5235
1970 . 5050 Ilha Solieira 640+ Agua Verm, 230 B7O 6105
1980 5800 Tlha Solteira 440 + Apua Verm. 115 755 &£360
1981 &740 I1lha Scleceira 160 + Agua Verm. 230 + Thermal 600 990 7850
1982 7620 Ilha Solteira 320 + Ilha Grande 640 Q60 3816
1933 B62D T1ha Solteira 480 + Ilha Grande 64D ) 1120 o 9930
1084 2700 Ilha Salteira 320 + Ilha Grande &40 060 10830
1985 10780 Ilha Solteira 160 + Ilha Grande 160 + Ruclear LOOG 1320 12210
1986 12040 Tlha Solceira 160 + Ilha Grande 160 + Huclear 1000 1320 13530
1087 13430 Ilha Granmde 480 + Ruclear 1000 L1480 1501¢ >
1988 L4930 I1lha Grande 640 + Ruclear 1000 1640 16650
1959 16560 Thermal 1000 + ] Kueclear 1000 2000 18650
1699 18330 Flha Grampde 480 + Nuclear 1000 1480 20130

Col. (1) shows the load years.
Col. (2) shows the total peak requirement for every load year The installed capacity in 1970 iz 2050 MW
The figures are listad in HW.
Col. (3) shows the proposed addirions te the system. The figure indicates the capacity ‘instzlled at the
plant on that year in MW. The toral insralled capacity of esach plant is the sum of all the giures.
Col. (4) shows the total capacity additions per year io MW.
Cal., (5) ehowe the total installed capacity of the system on each year in MU.
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Table ¢ 3.5, CESP"a Load Forecast - Low Bate

’  Load Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Month ¥ of en. to Month
av. month  Av.monthly 770 670 1200 1440 1660 1910 2190 2490 2820 3110
(1) en. demand
(2)
Jan. 90.7 700 880 1090 1300 1500 1730 1080 2260 2560 2810 Jan.
Feb, 93.9 720 910 1130 1350 1560 1790 2060 2340 2650 2920 Feb.
March 95.4 735 925 1140 13707 1580 1820 2000 2370 2600 2960 March
April 95.9 738 930 1150 1380 1590 1830 2100 2380 2700 2980 April
Hay 99,7 ., 767 965 1195 1430 1655 1900 2180 2480 2810 3100  May
Tune 100.8 775 980 1210 1450 1670 1920 2210 2510 2820 3120  June
Tuly 103.3 795 1000 1240 1480 1710 1970 2260 2570 2910 3200 July
Arug. 1b5.6 813 1025 1270 1520 1750 2020 2310 2630 2980 3280  Aug.
Sept. 104.9 ‘ 806 1018 1260 1510 1740 2000 2360 2610 2960 3260  Sept.
oct. 04,2 802 1010 1250 1500 1730 1990 2280 2600 2950 3240 Oct.
Now, 102.7 790 396 1230 1480 1700 1260 2250 25607 2200 3190  Hov.
Dec. 101.7 783 986 1220 1460 1650 1940 2230 2530 2870 3160 Dec.

Col.(1). 1lists the seasonal lead facter variation in per cent of energy to avarage menth.
Source: CANAMBRA Report Vol VII appendix 15.

Row (2), lietsthe average monthly energy demand in Micont. .

Cont. wo.s
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Table n? 3.5.

CESE's Load

Foregcast — Low Rate

vo» Cont. 2.
Load Year
1981 1922 1983 1984 1985 1986 1987 1988 198% 19290
Menth A of en. to Av.monthly i Month
avil?onth en. demadd 3380 4040 4570 5150 5710 6390 7120 FR10 87B0 2720
(2)
Jan. 90.7 3220 3660 4150 4670 5180 58000 R450 FI60D 7960 ARQD  Jan.
Feb, 93.9 3340 3740 4290 4840 EEEU ARO0 6620 7420 TF240 9120 Feb.
March 95L& JA0D 3850 4360 &310 5450 AIQ0  HTRQ  FHH0 BITO 9260  March
April 95,9 3410 3B70 4380 4930 5470 H120 BB20 7590 8420 9310  April
May 0o9.7 A550 4030 4550 5130 5700 6370 TF100 F8E0 8750 9Y00 May
June 100.8 3530 4070 ABOD 5180 5750 6440 YIeD 790 8850 9B00  June
July 103.3 3680 170 4720 5320 59000 4600 7350 S8le0 S070 10050 July
Ang, 05,6 a7a0 5260 eB30 5530 40480 6750 TF510 B350 5270 10230 Aug,
Sept, T104.,8 3730 L2300 4790 5400 5380 6700 F450 8200 9200 10L20  Sept.
Oct. 104,2 3710 4210 4760 5370 5350 6650 F420 8250 5150 10120  -Qct.
Hov, ' 102.7 3660 4150 4690 5280 5B60 6560 300 8120 9020 9960  MNow.
Dec. 101.7 3620 4110 4650 5240 5B10 &500 F230 B05HQ  BR40 9BE0 Dec.
Col.{l). lists the seasonal load factor variarion in per cent of energy to average wmonth.
Source: CANAMPRA Report Vol.VII appendix 15,
Row (2). lists the average wonthly energy demand inm MHcoak.



Table n® 32.6. Available Energy in the Dry Period (1954-1955) with no Regulaticn from Storage Reservaoirs

Year{l}ﬂnnth JURUHIEIN PTRAJU HAVANTES SALTO CGRANDE
Natural Energy Hatural Energy Hatural Encrgy Hatural Encrgy

{23 (3} {2} (3) (2) (3} (2) (3}

1954 J 284 72 220 120 442 245 620 61
J 183 - 47 187 86 g6 159 400 58

A 134 35 127 62 202 112 277 40

B 113 30 121 55 178 59 242 35

0 160 i1 163 75 227 126 301 &

N 103 27 105 48 157 87 214 31

L - 10¢ : 28 102 47 139 BE 222 32

18955 J 158 51 202 23 276 155 Jbl 52
F 120 33 133 'oal 183 103 245 36

M 222 57 227 1044 312 173 411 60

& 193 20 197 o0 287 159 391 37

H 137 35 140 T 138 110 264 30

J # 136 35 139 &4 213 118 296 43

J 153 35 156 72 230 128 314 46

A 126 3z 129 1035 194 108 269 3z

5 143 . 37 146 67 202 113 267 ~ 3B

o 110 28 112 51 L5E a8 210 31

[ 152 35 155 71 222 123 300 44

D 104 27 106 49 164 a2 233 34

Cols(1). The period shown in the table is the most critical pericd on record.

Gol.(2). 1lists the natural flows in cubic meter per second at the hydroe sites.

Col.(3). lists the energy production expressed in MUmonth.Col.(3) is obrained from the multiplication of the
Coefficient listed in Table p? 3.2. by the flows In Col.2Z.

Cont. .%.
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Table n? 3.6 Available Enerpy in the Dry Peried (1954-1955) with no Repulation from Storage Reservolrs

« Cone. Z.
Yearcl)Hanth CANOAS CAPTVARSA TAQUARUT
Natural Energy Hatural Energy Natural Energy

(2) (2) (2) (3) (2) (3)

1954 TJ X 245 2350 640 ' 2442 330
J 537 149 1227 475 ' 1276 270

A 343 a5 FITT 300 BO7 171

5 202 - Bl b0l 232 624 132

0 359 100 801 310 B32 176

[ 256 71 572 221 594 126

D 262 73 467 181 485 103

1955 J 412 114 648 251 674 ~ 143
F 284 78 450 174 ~ 467 %9
M 484 134 . 760 294 789 167 .

A 467 130 732 283 76l 161

M 306 85 502 229 . Bl6 130

J ; 373 104 119% 463 1244 264

i g * 400 111 1463 566 1520 33z

A 353 4B 814 314 B4h 179

5 335 93 . 848 iz8 881 187

o 254 70 514 200 536 114

N azy 105 B3l 322 864 183

D 288 g0 579 224 602 127

Col.{l}., The period shown it the table is the most eritical peried on record.
Eﬂl{E}.l lists the natural flows in cubic meter per second at the hydre sites.

€o0l.{3}., lists the energy production expressed In MWmonth. Col.{3} is obtained from the multiplication of the

Coefficient listed in Table uf 3.9%. by the flows in Col. 2.

CONE: aea
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Table n? 3.6. Available Energy in the Dry Period (1954-1955) with no Regulartion from Storage Reservoirs

-« Cont. 3.
Yeartl}Hnnth BARRA BONTTA . BARIRI IBITINGA PROMISSAD
Ratural Energy Natural Energy Hatural Energy Natural Ensrgy
(2) (3} {2} (3 {2} (3) (2) 3
1854 J 212 35 250 46 325 62 &8R4 A:1
. J 150 . 25 60 32 REY 43 308 a1
A 111 18 115 24 1la¥ 32 226 45
5 97 16 107 Z0 136 26 177 35
Q 108 17 118 22 ls9 28 193 38
H 97 16 106 20 132 25 168 33
[ 129 21 144 ¥ 1583 36 249 a0
1955 J 344 37 362 7l 444 85 S48 110
F 172 x8 184 35 219 42 267 a3
H 235 30 261 14 339 b5 L4E 90
A 177 29 194 37 246 | 47 318 63
. 11% 20 130 25 164 3l 211 a2
J g 117 1% 130 25 1o 3z 224 45
J 108 18 117 22 143 27 - 180 36
A 102 17 109 21 131 25 161 32
5 I11B _ . 19 125 25 162 3T 208 » 4l
o 92 15 ag 149 120 23 140 30
i 174 24 187 36 225 43 278 55
D 223 37 238 45 282 54 343 64

Col.{l}. The period shown in the table is the most critical period on record,

Col.{2). 1lists the natural flows in cubic metber per second at the hydro sites.

Cel.(3). Ilists the energy production expressed in Mimonth.' €ol. (3) is obtained from the multiplication of rhe
Coefficient Iisted in Tab%e n? 3.9. by the flows in Col. Z.

Comt. ..s
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Table n? 3.6.Available Energy in the Dry Period (1554-19553) with oo Rapgulation from Sterags Regervoirs
. vva Cont. 4.

1iBA SOLTEIRA JUPIA - AGUA VERMELHA ILHA GRANDE
Yearcl}MDnth

Natoral Energy Hatural Energy tHatural Energy Hatural Energy

(23 (3) (2} {3} {2} {3 {2y {3)

1954 J 2676 280 . 3415 065 1273 579 q050 2630

J 2052 750 2570 503 1173 534 5260 950

A 1863 682 2288 557 1137 a1y 3720 1030

5 1674 613 2040 394 1086 494 3280 955

0 1589 582 14977 384 1112 506 3570 1040

) 2162 790 2331 4495 1086 &04 3610 1050

B 1327 1220 3804 T44 . 122p 3h7 4650 1350

-~ 1955 g 44b2 1630 R34z 1640 1441 a6h 6760 1970
o F 3959 1450 4470 ay5 1260 573 G500 1890
M 3805 1305 4582 894 1511 087 6440 1670

' A G227 1546 48la a40 1404 034 4830 1985
M 2676 aB0 3102 606 1175 535 4500 1310

J 2244 322 2690 526 1154 525 6490 1890

- J 1918 701 2285 &4k 1119 508 5800 1690
A 1769 647 2114 413 *1123 512 1500 i1l05

g 1662 604 2058 4012 11015 503 4210 1225

4] 1911 . 700 Z2229 437 1141 520 aran 930

i 2704 99Q 3201 625 1255 571 5040 1465

i) 4252 1560 4816 940 1304 594 ailad 1800

Col.(1). The period showm in the Eable is the most critical period on record.

Cal_({2). 1ligts the natural flows in cubic merer per second at the hydro sites.

-Col,{3). 1lists the energy production expressed in MWmonth. Col. {3} 1s obtained from the multiplication ef the
Coefficient listed in Table n? 3.9, by the flows in Col. Z.

.

Cont. ...

- e
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Table n? 2.6.Available Energy in the Dry Periad (1954-1955) with no Regulation from Storage Reservoirs.

vsa Cont, 5.

EUCLIDES DA CUNHH{*J

Yearil}ﬂanth GEAMINHA and LIMOEIRO JACUARY
Hatural Energy Hatural Energy Natural - Enargy
{2} {3} {2) (3} (2) (3)
1954 J 28 20 48 46 24
J 20 - 14 35 34 %24
A 16 11 © 28 27 20
5 13 0.5 24 23 21
0 15 11 26 25 24
N 13 4.5 22 21 23
D a3 24 59 37 24
1955 J 56 41 95 92 24
F 3z 23 52 50 24
M 55 40 89 . 87 24
A ak 37 53 g1 24
M 27 20 44 43 24
a4 24 17 39 3g 23
J 18 13 30 29 18
A ' 17 12 27 26 19
=1 15 11 5 24 1a
O 15 11 27 26 13
N 2L 15 35 34 24
B 100 a8 las 119 24
Colsi (L). The period showm in the table is the wost critical period on record.
Col.{2;. 1lists the natural flows in cubic meter per sccond ar the hydre sices,
Col(3). 1lists the enerpgy production expressed in MWmonth. Col. (3} is obtained from the multiplicarion of the
Coefficiént listed in Table n? 3.9. by the flows in Col.
(*}Hote: Since there is no incremenkal flow berween these power plants we sonsidered them rtopether.



Table n? 3.7. Thermal Energy Reguiremencs for Sequence A, for Dry period Condisione

Year Honth 171 1872
{1} Req. Avail. Ther. Draw Acc. Req.  Awvail, Ther. Liraw Ace,
Energy Hydro - Star, Energy Hydro . Btor,
(2) (3) (4) {3) (6} (2) {3) (4) {3) (&)
1954 J 775 1218 - - full 980 1363 - - full
J 795 525 - - - " 1000 925 36 -3 - 39
it £11 766 36 - 11 - 11 1025 766 36 =223 - 262
g 806 8.1 36 =104 -115 1018 656 36 -3le -—/578
0 802 710 36 - 56 -171 1010 710 36 -264 ~ 842
N 790 741 36 - 13 ~1B4 996 741 36 -219  -10sl
D 783 1065 - +184 full 986 1065 36 +115 - 945
1655 J 700 1514 7 - - full B8O 1654 36 +810 - 136 .
F 720 1235 - - " 910 1235 - +136 full
| 735 1477 - - " 923 1477 - - N
A 738 1407 - - " 930 1447 - - M
H 767 1938 - - " 965 1938 - - m
J 775 863 - - " 980 863 36 - 8 - 81
3 7957 737 36 -2 -2 1000 737 36 -227 - 308
A 813 713 36 - 64 - 86 1025 713 36 -276 - 584
5 806 741 36 - 29 -115 1018 741 36 -241 - 325
4] 802 668 36 - 78 -193 1010 688 36 -286 -1111 '
N 730 #0083 - +153 full 896 998 36 + 38 -1073
D 783 1386 - - " ~.936 1426 36 +676 - 397
Sum total (7) 144 288

Col.(1) The period shown in the table is the mest eritical pericd on record.

Col.(2) Lists the required energy io the load vear stated above, in MWmonth.,

Col.(3) Lists the available energy from the hydro plants on that gorresponding load year with no reservoir regulation ,
in M¥month.

Col.i{4} Lists the thermal energy producfion, in MWmaonch.

Col. {5} shows the difference hetween cols. (3+4) and (2). Nepative signs indicate flow deficiency and therefore draw
from storage. Plus signs indicate flow surplus which mey be stored in the reservoir.

Col.{6} shows the deficiency in the storage reservoir in Mimonth. )

Row {7} Sum total of Col. (4} corrvespondent to the year 1955,

Cont.



"Table n? 3.7. Thermal Enerpgy Requirements for Sequence A, for Dry Feried Conditions

e Cont. 2.

£%

Tear HMonth 1973 1974

{1} Req. Avail. Ther. Draw Aoc. Req. Avall. Ther . Draw Arc.
Energy - Hwdro Stor. Enerey Hydro 3tor.
{2} £3) {4) {3) (63 (22 (33 (4) (53 (6)
LE54 J 1214 1363 ° - - full 1450 1843 - - -
J 1240 925 36 =279 =279 1490 1405 36 - 49 -— 49
A 1270 766 36 -468 —7T&47 1520 1246 b =238 + =~ 287
5 1260 666 35 ~558 =1305 1510 1146 36 -328 - =~ gl5
0 1250 P 35 =504 =1B0% 1500 119D 36 —274 - BED
N 1230 74l 36 =453 -22h2 1480 1221 36 -223 =112
i [ 1220 1065 36 -11% =2381 1480 1545 36 +121 -~ §91
1955 J 10%0 1654 36 +Aa0 =1781 1200 2134 36 +870 - 121
F 1130 "o 235 36 +141 ~1640 1350 1715 - +121 full

M 1140 1477 36 +373 TLRAY 1370 1957 - - "

A 1130 1447 36 +333 — 934 1380 1627 - - "

H 1125 1538 36 +779 - 155 1430 2418 - - "
J 1210 1K 36 =311 = 466 1450 1343 35 - 71 - 71
J 1240 737 36 —&&7 - 433 1440 1217 13 =237 - 308
A F 1270 713 36 =521 =1454 1520 1193 35 =291 -~ 54989
5 1260 74l 36 -483 =193} 1510 1221 36 ~2513 - B52
0 1250 BEE 36 =526 -2463 1500 1188 35 =208 =1143
H 1230 oog 25 ~196 =2659 1430 1478 36 + 34 =1114
)] 1220 1424 34 +2451 =-2417 1460 1904 K[ +482 - 632

Sum tatal {7) 432 2R3

Col. (1} Therpericd showm in the table is the wmost critieal period on record.
Col. (2} Liscs tha reguired energy in the load year stated above, in MUmonth.
Col. (3) lists the available energy from the hydre plants on that corresponding load year with oo reservoir regulation,
in Mumonti.
Col.(4) Lists the thermal energy production, in MWmonth.
fol. (5] Shows the difference between cols. (3+4) and (2). Negacive signs indicabe flow dificiency- and therefore draw
from storage. Plus signs indicate flow surplus which may be stored in the feservolir.
Col. {(6) shows the deficiency in the storage reservoir in MWmonth. .
Zow (7} Sum total of Col.(4) correspondent to the year 1855,
Cont. ...



Table n® 3.7. Thermal Energy Reguirements for Sequence A, for Dry Pericd Conditions

vy

e Comt. 3,
Year Month ¥9?5 1976
1) Beg. Avail, Ther. Draw Ace. - Energy  Avail. Thar. Draw Aee,
Energy Hydro Stor. £2) Hydro Stor,
(2 (3} {4} (3} (6) (3) (4) {5} (6]
1954 J 1670 2323, - - - 1920 2343 - - -
J 1710 1657 35 - - 1970 1675 - - -
A 1750 1448 36 -266 - 2166 Z020 1448 [ - 336 - 536
5 1740 1279 35 ~425 =~ 401 2000 1279 a6 - &8> %1221
a 1730 1292 1 402  ~1{093 1930 1292 36 - 662  -1883
N 1700 1531 6 =133 -1Zis 1960 1531 36 - 393 -2274
I 1690 2025 s +37L - 855 1240 2285 36 + 381  -138495
19355 T 1500 P 2614 - +555 full 1730 3094 36 +1400 - 495
F 1560 2195 - - ' 17820 2675 - + 495 full
M 1580 2437 - - i 1820 2872 - - n
A 1550 2407 - - - " 1830 2587 - - "
M 1655 2898 - _ " 19040 2918 - - n
J 1670 1685 - - " 1320 1685 36 - 199 - 199
J f’l?lﬂ 1438 36 =236 - I3 1970 1438 35 - 486 - 695
A 1750 1360 e[ =154 = 590 2020 1360 b - 724 -1419
8 1740 1350 36 =354 = 944 2000 1350 3b - b6l4  -2033
4 1730, 1388 36 —-306 1250 1990 - 1388 i6 - 566  -2549%
N 1700 1958 36 244 - 956 1960 L1388 36 + B4  -2535
[ H 1690 2386 36 +532 =~ 424 1940 2066 36 + 962 -1573
Sum total (7) 216 v 288

Cal.(1) The period shown in the table is the mosi critical peried on recerd.

Celf2} 1lists the required emergy in the load year stated above, in MWmonch.

Col.(3) 1ists the available cnergy from the hydro plants on that corresponding load year with ne reservolr regulation,
in MWmonrth. .

Col.(4) lists the thermal energy production, in MEmonth.

Col.{5) shows the differepce between cole. (3+4) and (2). Negative siens indicate flow deficiency and therefore draw
from storage. Plus signs indicate flow supplus which may be stored in the reservoir.

Col.{6) shows the deficlency in the storage reservoir in MWmonth.

Row {7} Sum total of GCol.(4) correspendent co the yeer 1955,
- Eﬁ}nt- L]



Tabkle n? 3.7. Thermal Erergy Reguiremencs for Sequence A, for Dry Period Copditions

ver Conmk. 4

oy

1977 1976
Year Month
{1} Req. Avail.  Theg. Draw Acg. Req. Avall. Ther.  Draw Acc.
Ecé&rpy  Hydro Stor. Energy  Hydro Stor.
(23 (3} (&) (5) (6} (2) (3) (%) {5) {6}
1954 Jd 2210 2663 - - - 2510 3071 - - -
J CT2260 1995 36 - 229 - 129 2574 2211 36 -~ 323 - 323
A 2310 1748 36 - 526 - 755 2630 17593 36 - B0l 1124
8 2300 1511 36 - 753 ~1508 2610 . 1546 Ja -1028 -2152
0 2230 1602 36 = B42 =2150 2600 1e40 36 - 924 ~3076
H 2250 1752 36 — 462 =2612 . 2560 1785 Ja ~ 73% =3815
D 2230 2466 36 + 272 —2340 2530 2516 36 + 22 =3783
1055 J 19490 - 3535 36 +1581 ~ 759 27260 3645 36 +1421 -2372
F 2060 2859 - + 759 full 2340 2512 a6 + 608 ~1764
H 2080 3166 - - " 2370 3256 36 + 922 - B42
A 2100 3276 - - " 2380 3339 - + 842 full
H 2180 3147 - - ' 2480 3189 = = "
J 2210 2005 36 - 159 - 169 2510 2193 36 - 281 - 281
J 2260 1758 36 = 446 - 635 2570 2040 36 - 454 - 775
A 7 2310 1674 36 - 600 -1235 2630 1706 36 - B8& -1663
5 2300 1670 36 - 584 -1829 2610 1714 Lits) -~ 855 -2518
0 2280 1588 36 ~ G536 =2485 2600 1618 36 - 2456 =3464
N 2250 2310 36 + 96 —-2389 2560 23m7 36~ 157 3621
D 2230 3210 36 + 16 —2373 2530 3279 36 + 785 M2R35
' Sum total (7) 288 360

Col.T1) The period shown in the table is the most critical period on racord.

Col.(3) Lists the required energy in the lead year stated above, in Midmonch.

Col.(3) Liste the available eperpy from the hydro plants on that eorresponding load vear with no reservoir regulation,
in MWmonth. .

Col.(4) Lists the thermal energy production, in Mimonth.

Col.(5) shows the difference hetween cols (3+4) and {2). Megative signg indicate flow defieiency and therefore draw
from storage. Plus signs indicate flow surplus which may be stoxed in the resexveir,

Col.{6) shaws the deficiency in the storage reservoir in MWmonth.

Row (7) Sum total of Col.(4) correspondent to the year I255.

font, ...
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Table 3.7.

Thermal Energy Requirements for Sequence A, for Dry Period Conditions

|
... COnL. 5.

Yeoar Honth 1972 1380
{1y Feg. Avail, Ther. Draw Acc. Req. Avail, Ther. Braw - Acc.
Energy Hydro Stor. Energy Hydro Btor,
{2) (3} {4) &) {6} (2} (3) (4} {3 (&)
1954 J 2820 o7l - - - 3120 3071 49 - -
J 2910 2211 216 - #4883 -483 3200 2211 576 - 413 ~ 413
A 2980 1793 216 - 871 -l454 3280 1793 576 - 911 -1324
5 2960 1546 2l -1198 -2B32 3260 1546 576 ~1138 2482
4] 2950 1640 2l -1094 3746 3240 1640° 576 =1024  -34%86
B 2900 1785 216 - 899  -3B45 3190 1785 576 — H20 4315
D 2870 2516 216 - 138 3783 3160 2516 576 - 68 4383
1955 J 2560 3645 216 +1301 2482 2810 3645 576 +1411 ~-2972
F 2650 2912 216 + 478 2004 2920 2912 576 + SEE 3404
M 2690 3256 216 + 782 1242 2960 3256 576 + 872  -133Z
A4 2700 3339 2l + 8%5 - 387 29840 3339 576 + 935 - 597
M 2810 3189 - + 367 full 3100 3189 508 + 597 full
J 7 2820 2193 716 - 411 - 411 3120 2193 576 - 351 - 351
J 2910 2040 21é - BS54  =1065 3200 2040 576 - 584 - 835
A 2980 1706 218 -1058 - =-2123 3280 1706 576 - 998 -1933
5 2960 171% 216 =1025 =3148 3260 1714 576 - OR5 2003
i} 2850 1618 216 =1116  -4264 3240 1618 576 =146 =3044
N 2900 2367 216 ~ 317 -4581 31940 2367 576 - 247  =410]1
I 2870 32749 216 + $25 3456 3160 3279 576 + 695  —3496
Sum torel (7) 2,376 6,844
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Table n? 3.7, Thermal Energy Requirements for Sequence A, for Dry Perlod Conditions

o0f .'C-Ontu .E'o
Year HMonth 1981 1982

(1) Req. Avail.  Ther. Draw Ace, Req. Avail. Ther. Draw heo,
Energy Hydro Stor. Enerpgy  Hydro Stor.
(2} £3) (4} {5) (6) (2} (3> {4y, () (6) .
1954 J 3580 3650 - - - L4070 4265 - - -
I 3680 2745 576 - 35¢ = 359 4170 3230 576 -~ 384 = 3R4
A 3760 2310 576 - 874 =1233 4260 2639 576 =1045  ~1409
5 3730 2040 376 =1114  =2347 4230 2308 576 w]346  =2755
0 3Nne 2146 576 = 983 =3335 4210 2597 276 ~1037 =3792
| 3560 2279 576 ~ §05  =4140 4150 2524 576 1050  =4842
D 3620 3073 576 + 29 =4111 4110 3294 L - 238 -5087
1955 J 3220 4310 576 +1666  =2445 3660 Geal 576 +1516  =3504
¥ 3340 s85 3te + 721 -1724 3780 3723 alé + 519 =7985
M 3400 3043 576 ¢+  +11192 - 605 3gs0 4348 576 +1074 ~1911
A 3410 3978 37 + 605 full 870 4359 576 +106d - B4
M assn 3724 T - - . 4030 4003 576 + 549 = 297
J 3580 2718 576 - 286 - 28 4070 3136 576 ~ 358 - 455
| 3680 2548 5¥6 - 556 - 842 4170 2981 576 - 613  -12p8
A 3760 2218 516 - 99 =1838 5260 2600 576 -1084 -2332
5 3730 2222 576 - 932  =2770 4230 2569 376 -1085  -3437
0 3710 2138 576 - 90§ =3746 £210 2373 576 -1261 =46898
| 3460 2038 5%6 - l4g  ~3912 4150 3297 376 + 277 =442l
D 3620 3373 576 + 829  -3083 4110 4129 376 + 595 -382¢

Sum, total {7) 5,797 . 6,912




-

Table n% 3.ZThermal Energy Requirements for Sequence A, for Dry Perlod Conditions

Cont. 7.
Year Month 1983 1984

(1) Req. Avail.  Ther. Draw Acc, Ret. Avail. Ther. Draw Ace,
Energy Hydro SLor. Energy  Hydro Skor.

{2) (3) (4) T (5) (6) {2) (3} {4) (5) (6}

1954 J 4BO0 . 4905 - - - 3180 5463 T - -
J 4720 3370 576 - 24 - 2784 5320 4200 576 - 544 - 544

4 4830 32749 576 - 875 =1249 5430 3714 "~ 576 -113% -1679

5 4790 2943 576 -11266 =2515 5400 3263 278 -1561 =3240

Q 4760 3z37 576 - 947 =3462 5370 3637 576 -1137 —4397

N 4690 3le4 576 - 450 =4412 3280 3574 376 =1130 -552%

D 4650 3836 SFh ~ 138 =4550 3240 4416 376 — 245 =5775

P 1955 J 4150 23040 376 + 1726 =2824 4670 - BT8O 578 +16 86 4049
¥ 4250 4363 376 +  H44 =2175 4840 4845 576 + 5379 -3510

M 4360 4938 576 + 12044 — 571 4910 5466 576 +1134 —2376

A 4380 4999 352 + 971 full 4930 5479 376 +1135 =1251

M 7 4550 4643 - - full - 5130 5123 374 + 569 - 68X

J 4600 3776 576 - 248 - 248 5180 53270 576 + G66 - 16

J &720 3621 576 = 523 - 77 3320 4173 576 - 571 - 287

A 4830 3240 576 —-1014 ~1785 5430 ivos 576 -1145 —-1736

3 4790 3209 L5376 - 100> - =2790 5400 3689 576 -1135 -2871

0 4760 anl3 576 = 1171 —39561 5370 3303 576 -1451 ~4322

N 690 . 3937 576 ~ 177 -4138 5280 4417 576 - 287 =4609

D £650 47649 578 + -595 —3443 5240 52449 576 + hKBh <4024

Sum total (7} 6,112 6,912




Table n® 3.7,.Thermal Enargy

Requtirzemants for Scquence A, for Dry Peried Conditoms

Cont. 3.
Year Month 1985 1986

(1 Redq. Avail. Ther. Draw Are. Req. Avail. Ther. Draw Aoe.
Energy Hydro. Bror. Energy  BRydro i Stor.
(2) (3} (4} (5) (6) (2 (3) (4) (5) (6)
1954 J 5750 5945 - - - 6440 6265 175 - -
' J 5800 4200 576 -1i24 =1124 6600 4200 1426 = 974 = 874
A 6040 3719 5%6 —1745 =2869 6750 3719 1426 =1605 =3579
5 5930 3263 576 =2141 =5010 6700 37263 1426 =2011  =4500
0 2950 637 576 -1737 -b747 6650 3637 1426 =-1587 -6177
K 3860 3574 576 —1710 =~B457 65640 3574 1426 -1560  ~7737
D 2310 4646 376 -~ 588 =9045 G500 4646 1426 = 428  -8165
1955 J 5180 6200 316 +1636 -7389 5800 6580 1426 +2206  =5959
F 5360 5323 576 + 539 =b850 4000 5613 1426 #1039  =4920
M 5450 5948 576 +1l074 —5776 6100 b218 1426 +1544 3376
A 5470 5979 576 +1085 =4691 6120 6239 1426 41605 -17Y1
M 5700 5313 576 7+ 189 ~4513 G370 5313 1426 + 269  -1402
J 5750 4750 576 - 424 ~4936 6440 50440 1426 + 26 —1376
J 5900 4653 576 - 671 -5607 6600 4743 1426 - 431 -1807
A 6040 3705 576 -1759 —7366 6750 3705 1426 -1619 -3426
& 5987 3794 276 161D -8976 6700 3734 1426 - 480 -3206
0 5850 3303 576 =2071  -11047 6650 3302 1426 -1921  -5827
| 5860 4762 576 - 522 -11569 6560 4162 1426 - 372 =~6199
D 2810 272D 576 + 435  -11074 6500 2925 1426 + 835  -5344

Sum toral (7) h,912 Hel7112
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Table n? 3.7.Thermal Epergy Requirements for Sequence A, for Dry Period Comditions

Cant. 9.
Taar Honth 1987 1988
(1) Req. Avail.  Ther. Draw  Acc. Req. Avail. Ther. Draw heo.
Energy Hydro. Stor. Energy  Hydro. Stor.
(2) £3) (4) {3 {6 (2) (3 (4) {5) (6)
1954 J 7160 B385 575 - - 760 B3T3 BaSs - -
J 7350 4200 2276r - 874 - 84 7160 4200 3126 - B34 = 834
A 7510 3719 2276 =1515 =21384 8350 3719 3126  -1505 ~23348
s 7450 3263 2276 -1%11 -%300 3290 3263 316 1901 =4340
4] 720 3637 2276 -1507 -5807 B250 3637 3126  —-24B87 —&72F
N 7300 3574 2276 -1450 =7257 BIZD 3574 3126 =1420 ~8147
[ 7250 4LB46 2276 - 328 -7385 3030 G040 3126 278 —8425%
1855 J B450 BH30 2276 +2456 -=5128 7160 6630 3126  +Z2596 -3B529
F BEED 5613 2276 +120% =-3920 7420 5613 3126 +1319 -4510
Jul 6780 6218 376 +1714 2206 7550 6218 3126  +1794 -2716
A 6820 e 2276 +1820 - 3Bf 7590 364 3126 41900 - Blé
M 4 7100 5313 2173 + 386 fuil 7680 5313 3iZ6 + 559 - 257
J 7140 5040 2120 - full 79a0 5040 1?6+ 206 - 51
J 7350 5743 2276 - 331 - 331 Bled G743 3126 - 291 - 342
A 7510 3705 2275 -1529 -138&0 8350 3¥05 3126 -151¢ ~1861
8 7450 3794 2276 ~I3B0 =Z2240 B290 3reg 3126 =1370 —-3231
a 7420 3303 2276 -1841 =4081 B250 3303 J2e -1821 -3032
N 7300 4762 2276 - 262 -4343 8120 4762 3126 - 232 =-5284
B} D 7250 >49125 2276 + 9535 =338 8050 59249 I2e  +1005 =4£3279
Sum total (7) 2752 iz




Table n® 3,7 Thermal Energy Requirements for Seguence A, for Dry FPeriod Coaditions

wr

. Lont. 10,
Year Honth 1989 1990

(1) Reg. Avail.  Ther, Draw Acc. Beq., Avail., Ther. Oraw Aec.
Energy Hydro. Stor. Energy  Hydro, Stor.
{2} {3) {4} (5) (6} {2} (3} {4) (5) {6)
1954 J 8850 6975 1875 - - 800 6975 2825 - -
oJ 9070 4200 3976 - 8%4 - 894 14050 4200 S¥ie - 124 - 124
& 4270 919 Z978 -1575 =2489 10250 3719 SY¥26 - 805 - 929
g 9200 3263 3476 ~1961 -4430 101490 3263 5726 -1201 =-2130
0 gLs0 3637 3976 -1537 =3987 10120 3637 5726 - 757 =2887
N o020 3574 3976 1470 -7437 9950 3874 5726 - b60 =3547
b D 8940 4646 3976 - 318 -T7757 98380 LB4A 5726 -~ 492 =439
1955 J 7960 6620 3976 +2646 -5111 2800 6630 7526  +5556 - 483
F 8240 5613 3976 +1349 3782 9120 5613 B0 + 483 full
M 83ra . 6218 3976 +1824 1938 92h0 6218 3042 - full
& B4z20 0364 3976 +1920 — 18 9310 6364 2946 - full
M 7 B750 5313 3455 + 18 Eull 9700 5313 4387 - Full
J 8850 5040 3810 - full G800 5040 4760 - full
J S@7n 4743 3976 - 351 - 351 100506 743 5307 - full
A G270 3705 3976 =1589 -1%940 10250 3705 5726 - 819 - 319
3 S200 3794% 3976 -1430 -3370 10190 3794 5726 - 670 -1489
i) 9150 3303 3976 -1871 -5241 10120 3303 5726 -1091 =2580
<] a2 4762 3976 - 282 -5523 4960 4762 5726 - 528 -3108
1] 8040 5929 3976 + OG5 —4558 S9AB0 5929 57926  +1775 -1333

Sum total (7) 47025 58788
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Table n93.8 — Thermal Energy Requirements for Sequence B, for Dry Period Conditions

Year 1) Mofith 1974 1575
( Req . Avail. Ther. Draw  Acc, Reg. Avail, Ther. Draw Acc,
Energy Hydro. Stor. ILnergy Hydro. Stor.
(2) (3) (4) (5) {(6) (zy - (3) (4} (57 (6}
1954 . M 1430 1871 - o= - 1655 2261 - - -
- 1450 " 1475 - - - 1670 2065 - - -
J 1480 1245 36 - 209 = 209 17190 1630 B = 44 - &4
4 1520 1066 136 - 418 = 027 1750 12496 g6 = 418 - 447
] 1510 B98 36 ~ 5376 ~=1203 1740 1126 - 36 = 576 ~1038
o 1500 1020 - 36 - 444 =1047 1730 1250 S0 = 444 -1482
M 1480 - a2 ©3h - 482 =-2129 1700 1192 I - 4372 =1954
D L460 1246 @ - 178 -2307 1690 1476 36 - 178 -2132
1955 J 1300 1905 36 + 641 =1666 1500 2135 In 4+ 671 =1461
F 1330 1409 36 + 95 -1571 1560 1639 3+ 115 =1346
H 1370 1771 36 + 437 =1134 1580 2001 38+ 457 - &89
A 1380 1730 36 + 386 — F4B 1590 1960 I 4 406 - 48B3
M 7 1430 2187 31 + 748 full 16855 2397 -+ 483 fuil
J L1450 1183 36 - 231 - 231 1670 1556 i - 7B - 78
J 1490 1057 36 - 397 -— b28 1710 L1447 3 - 217 - 305
A 1520 1027 36 = 457 -1085 1750 1257 36 - — 457 =762
] 1510 1061 3b - 413 =1458 1740 1299 36 - 4057 -1167
o 1500 BE8 36 - 576 =1074 1730. 11158 s - 376 -1743
N 1480 1318 36 - 126 -2200 1700 1550 6 = 114 =1857
) I 1460 1650 36 + 226 =1974 1580 1880 36+ 226 -1631
“Sum tetal (7 T gy T " ' .

[
Cel.lh). The petiod shown in the Teble a5 the moet erdtieal peried oo racard.
Gol,|?) liets the reguired energy in the lagd year stated sbaowve, in KWsoalh.
Gol.l3) lista ihe avedilable energy froc tho hydro plants oo thal correspanding roafb yoao with no repulatien frem storsge reservairs.
Col.ld) listd Lthe thercal woergy producbion, io Hemanth.
Col.l%) shows the differeace between Cole. fj]+(4] end {2). Wogative eigas ipdicmte flow @ofigiency and thersfore drew from atoecpge. Fius pigna
ipdicate flov eurplue which may ba stored io the rosecvelr. .
Enl.{ﬁg fhows the deficienzy 1 the Stocags reserwoir, is Mwoouth.
Row [F) Zum total of Col. {4} eorrespondent to ihe year 1355,
Note: Ee the years 1901, 1502 and 1993, Sequence H haf the deme coapositien of Goguense A, snd 0o the thermal energy requiremente ara same (Fee Tabie u¥

bl
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Table n? 3.8. Thermal Energy HRequirements for Sequence B, for Dry Period Condrioans

Cont. 2.
1476 1977
Year Month . .

f13 Req. Avail. Ther. Draw Acc. Reg. Avail, Ther. Draw Ace.
Energy Hydro. Stor. Energy Hydro. Stor,
(2) {33 4) (5) {6) {2) (3? (43 (53 (6}
1954 H 1840 2ieg - - - 2180 3112 - - -
J 12240 2570 - - - 2210 2664~ - - -
J 1970 1934 36 - - 2260 2169 36 - 55 - 55
& 2020 1583 35 - 401 - 401 2310 1741 36 - 533 - 588
5 2000 1392 . 38 - 572 - 973 2300 1528 36 - 83f =-1424
o 1940 - 1526 36 - 428 -1401 2280 1701 ' 36 - 543 .=1967
N + 1960 1456 35 - 468 -1869 2250 1575 36 - 639 -2606
I . 194G 1803 36 - 101 =979 2230 1923 36 - 271 =-2877
1955 J 1730 2480 A6 + 786 -=11B& 1990 2757 36+ B23 =2054
F E790 1242 36 + 228 - 955 Z0/0 2233 348 + q —-2045
M. 1820 2344 36, + 560 - 395 2090 2646 36 + 592 ~1453
A v 1830 2305 - + 386 full 2100 2525 38 + 461 — aud
M 1900 2302 - - full 2180 2351 36 + 707 — 285
J 1920 1851 36 - 33 - 33 2210 2019 36 — 155 - 440
J 1970 1811 36 - 123 = 153A 2200 1064 36 - 23D -+B70
A 2020 1535 36 - 445 — 601, 2310 1742 36 - 532 =1202
5 2000 1572 36 - 392 - 553 2300 1732 T 36 - §3d =-1734
0 19920 1428 - 36 - 546 -1539 2280 1529 36 - 715 =3449
N 1960 1891 36 - 33 -15712 2250 2067 36 - 147 -2596
D 1940 2225 36 + 321 =1251 2230 2373 36 + 179 7617

Sum total [7} 360 432

Golallla
Golon 2],
Gol.13].
Gak.(4].
Cell(S].

Col.[&).
Row (7).

The poriad ghown in the Table ia the 3ot erdtical period op recerd,
Maip the cequaced energy in the lood yoor stuted abeve, da Wemanth,
liate the gvollable emergy frpa the hydro plants on that corrsspapding loed ywar walh wo regulation {com storogc rececvoirs.
liste tha thernal encrpy prodoclioz, in M¥maoth,

showe tha difference butweezn Cols.

ipntdicgte flow earpluse whick mpy be atored in the reservoir.
showa the gaficiency in the storage TeScrvoal, it MWacothe
Sus tobel of Cel. (4] cerregprpdent to the yepr 1050,

{3}+{dj nutd {?}. Yegative alpnz ipdicede flow deliciency and therslece draw Trom atorege. Flor eigos
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Table n? 3.B. Thermal Energy Requirements for Sequence B, for Dry Period Conditions

L)

.- Cong.73.
1978 1979

Year{l} Month Req. Awail. Ther. Draw Acc. Req. Avail, Ther., Draw Acc.
Energy Hydro. Stor, Energy Hydro. Stor,
(2) (3 {4) {3)  {B) {2) {3) (4) {5} (6)
14954 M 2480 3562 - - - 2810 3500 - - -
§ 2510 3037 - - - 2820 3477 Lo - L
2570 2480 i - 54 - 54 2910 2820 3w - b wo=E 354
A 2630 1937 36 = 6377 801 2980 2277 da . — ab67 - 721
8 2610 1645 3 - 87% -15%0 2960 2015 £36 - 909 =1630
O 2600 1451 3 - 649 =2219 2950 2235 35 =579 =~2304
H . 2560 1734 38 - 780 =300%9 2500 2054 36 - 810 —3114
3} 2330 2076 36 = 418 =34247 2870 2306 36 =438 —3557
1953 J 2260 3030 36 + 3D =262l 2560 3350 5+ 826 -2731
F 2340 2385 38 + Bl -IZ540 2650 2305 36 0+ 81 =-2640
[} 2370 2503 36 % 56% -1971 2a90 3223 38 + 589 —2071
A 4 2380 2740 36 + 405 -1366 2700 3069 38+ 405 -1666
M 2480 3023 36 + 579 - 9AY 2810 3343 36 + 569 =10597
J 2510 2328 26 = lab -1133 2820 2648 36 = 336 =1433
J 570 2280 36 = 254 -1387 2910 2672 s - 202 -1635
A 2630 1453 36 - 641 =-2023 2930 2213 s - a7l -2306
] 2610 1960 36 = 614 =2642 2960 2280 38 - 644 -249580
a 2600 1673 & - 891 -3533 2950 1983 in - 911 -3871
N 2560 2305 36 - 21% -3752 2900 2625 36 - 239 -4110
o 2530 2569 36 + 75 3677 2870 2389 36 + 35 =4055

Sum fotal (7} §32 32

Gol.[1}. The periad akouwn Zno th; Teble in the most eriticad peris? eo vocerd.

Cot.[2] lizte the vequired ¢uerpy in the load yapr stated ebave, in MWconth.

Co2,[3) lists the pvailable energy from the hydro pleats oo 1hat correapending ioad yeer with no regulatien from etorage xesecveira.
Cal.l4) ligts the thercel enecpy praduction
Cal.[5) sghows the difference Beiween Cole.

in Necanth.
{3}+(4] and (2}, Kegative aigng irdieste [low deficiency and therefore deev Jrom storege. Flud sigas

indigate flow surplua wiich may be stered da the resecvolr.

Raw

9] Bun total of Qal, (4}

Eal.{ﬁ} shows the derielency in the storage reserwoir, in MWeanth,
¢orrezpondeat to the year 149%.
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Table n¥ 3.5.Thermwal Fnergy Requiremanté for Sequence B, for Dry Period Conditions-

. Cont. & .,
Year Month 1580 1981
(1) Req. Avail. Ther. Draw Ane. Req. Avail. Ther. Draw acc,
Energy Bydro. Stor. Energy  Hydro. Stor.
(2) {3) {4) (33 (6) (2) (3} (4) (5) (6)
1654 M 3100 4602 - - = 3530 4482 - - -
J 3120 §117 - - - 3580 4137 - - -
J 3200 Jz30 - - - 3680 3230 a6 - 414 - 414
A 3280 2639 36 ~ A5 = 605 3760 2639 kL ~1085 ~1499
g 3260 2303 36 - 916 =1521 3730 2308 36 -13846 -2885
o 3240 2497 36 - 707 -2228 3710 2497 B -1137 ~4062
N 3130 2524 36 - A30  52B5H 3660 2524 34 -1100 -5162
D 3160 3036 36 - B8 -2945 3620 3396 36 - 188 -5350
15323 J 2810 39490 36 +1216  =1730 3220 4630 36 +1446 -3904
T 2920 3345 a6 + 461 -1269 3340 3835 36 + 531 =3373
M 2960 3863 36 + 939 = 330 3400 4298 36 + 934 -2439
A 3980 3709 - + 330 full 3410 G295 36 + g2t -1518
M/ 3100 3a83 - - full 3550 4003 36 + 489 —-1024%
J 3lz20 3150 - - full 3580 3150 1 - 394 =1423
J 3200 3053 36 - 111 - 111 3680 3053 36 ~ 591 -2014
A 3280 2600 36 - 644 - 755 2760 2600 36 -1124 -3138
=] 3260 2569 Jé - 635 -1l410 3730 2569 36 -1125 -4263
a 3240 2373 a6 - 831 =2241 3710 23713 36 -1301 -5564
b 3190 3265 36 + 111 =2130 3660 3295 36 - 32% -5893%
D 3la0 3529 36 + 405  -2535 3620 4129 36 + 545 =5348
Sum total (7) 324 432

okl

Col, 2
Cel. 1%

e,

A

Col.(5

Cak,
Qow

E

B
]

|

Tne peried showy in tbe Table is the mast critical peried ae redoed,
ip the load year etated ebove, la WReonth,

ligte the reguired chergy

liais the availeble energy ;
linte the thermal energy poodection

gnowe the differemce betweer Cols.

icdicate {lov surplus which may be otgred It tho Tegervnir.
ghowz the defjciency i lhe Jtorage rveservolr, 10 Wicanth.

in MWooobh.

".
Fron ke hydee plactd vo that correcpecdirg leed year with fe Tegulatiea from elorige reserveirs.

ﬂ3}+{4] and (2. ¥egative signs indicawe flow deficlcoey and thersfore deaw from storgge. Flua signs

Sun totod ef Col, [#) coreespopdent to the yepr 1935,



Table n¢ 3.8. Thermal Energy Requirements for Sequence B, for Dry Feriod Copnditiane

.. Cont, 37,
Year( 1) Month 1982 e I?Ei
Req. Avail. 1Ther. Draw Acc. Fegs Avail. Ther.s.  Drau Acc.
Energy Hydro. Sror, EnArgy Hydro. Stor,
(2} (3 {(4) (5) {6) (2} (3) (4) (5) {6)
1854 | 4030 _ﬂEBE - - - 4550 5622 - - -
J 4070 4137 - - - 4600 4777 - - -
Jd £170 3230 576 - 364 — 364 4720 3870 576 - 274 - 274
A 4260 2639 a7b6 =1043 ~1409 4830 3279 576555 — 973 —1249
8 4230 2308 5RFT =1346 =2752 4790 2948 576 =L2EA =-2515-
0 4210 2497 376 —-1137 =3557 L4760 3137 576 =-1047 =3562
N 4150 - 2524 576 =1030 #9342 46390 3164 376 — 850 —#512
)] 4110 33496 576 - 138 =5080 4650 4036 576 -E538 =5050
14955 J 3660 4e80 576 +1576 =3504 4150 5300 574h +1726 =3324
F 3780 3835 376 + 631 -2873 4290 4475 576 + 761 -2563
M 3B50 4208 576 +1024 -1849 4360 4028 578 +1154 =140%
A . 3B70 4295 576 +1001 - B4E 4380 44935 576 + 631 - 778
M 7 4030 4003 576 + 540 ~ 269 4530 4643 576 + f6d - 109
J 4070 3150 576 — 344 - 643 4600 37a0 576 "‘QBﬂ - 343
J 4170 3053 576 = 541 -1184 4720 3693 576 - 451 - 754
A 426D 2600 576  =108& 2268 - 4830 3240 576 =-1014 =1808
5 4230 25649 576+ =10B85 —-3353 &7a0 3209 376 =1005 =-2813
0 4210 2373 576 =1261 ~H614 4760 3013 576 =-1171 ~3084
N 4150 3245 576 - 279 -4 973 £690 3935 376 - 179 =4163
)] 41140 4120 570 + 595 =4278 4640 4769 576 + 705 -3458
Sum tetal (7) 6,012 6,912
ol (1%, The pecicd Bhowo in the Tebhle ie the cost eritienl period pa regerd.
Col, ligte the required eperpy in the load yaar sbated above, in MWzooih.
Col, ligta the pveiledrle eoergy Loz 1he bydro pleats oa thet corresponding lead year with oo regulatden frew etorspe reservolrs.
Gel. liatd tha therwal energy production, io MWmoatih

indicate flow surplus which may be Etored ic the reservolr.
Enl.{ E whows the deficiency in the gtorege reservoir, in Mhoonth,
!

1
]
7
Gol.l5) shows the difforeure betwpen Qols, {3]+i4j gnd fi}. Kegative signs-indicate flew-deficieacy wnd therefere drow from storege. Flus elgos
&
Row [7) Sovm totel of Col. (4} eocrespoodent to the year 2935,



Table n® 3.8, Thermal Energy Requirementas for Sequence B, for Dry Period Conditions

-re GORE. B.
Ya.'aar{l:i Monch 1984 1983
Teq. Awyall, Ther. Draw dee. Eeg. Avail. Ther. Draw Aoc,
Enerpy Hydro. Stor. Energy Hydro. oLor.
(2) (3 (4) (3) (6] (2) (3) L4l (5) (63
1854 M 5120 6262' - - - 5700 6002 - - -
J 5180 5417 - - - 5750 6057 - - -
J 5320 4180 376 - &4 - SB4 5900 4180 576 - 144 - 144
& 5430 3718 A76  ~1137 -1699 6040 3719 576 =1745 -1889
5 5400 3263 576  =1361 —3260 Q980 3263 675 ~2141 —4030
G 5370 3537 R76  =1257  -4517 3950 3537 576 -1837 =5867
N 5280 3574 576 -1130 -5647 5860 574 576 1710 =7577
b ‘5240 4676 576 + 12  =hB635 5810 4756 576 - 488 —8065
1955 J 4670 3940 576 +1B46 37EY 5180 6580 576 +1976 -b089
¥ 4840 5115 576+ B51 -2538 3360 3725 376 + 0941 =5148
Y 44910 5578 576 41244 -1694 5450 6168 576 =126 =3854
A 493D 6575 49 #1694 full 5570 6215 576 +1321 —-2533
M 130 5Z2B3 - - full 5700 5313 576 + 189 =2344
J 5180 4430 576 - 174 = 174 5750 5040 R7E —~ 134 —2478
J 5320 43332 576 - 411 - 5BS 5200 4743 576 - 381 —3059
A 5430 3705 576  -1149  -1734 6040 3705 576 -1759 —4818
5 5400 3794 576 -1030 2764 5080 3794 576 =610 =G4 28
0 5370 3303 576 =1491  -~4233 2850 3303 576 =2071 -B499
H 5280 4575 576 - '129  -4384 5860 4760 576 - 534 =-9023
] 5240 540U 576 "4+ 745 =3p39 5810 5929 576 + 685 —-B328
Sum total {7) 5,809 b,912

tol ol
[N
Col, (3
dol.ia
Gal.{5

3

7

ﬁul.i }
" Row

. The periad skown io tke Ta®le iz the mael criticsl peried on rscond,

Tiats the recu‘ved erergy in ike lond yoar stated ebove, 1o Mioonth.

liste the avaiZobla emarpgy Lroz ihe bypdre plecis b thet eeercaperding losd yewr with ve reguleticrn from picrage reservoirs,
in Mdnor

liets the thercal eovregy produciion
spgws the difference hetween Qola,
irdicate tlaw surplue whick may e stored 1a the repervoir.
ghowe the deficlency iz the atorage reservair, in MHmeoth.
Suz tetel of Col. [4) ecorrespondeas lo he yesr L9SS.

{93+14] acd

th,
4 [2). Yepative pigne indicate flow deficicoty end therefore drew fres stormge. Flua signs



5

Table n? 3.& Thermal Energy Requirements for Sequence B, for Dry Period Conditions

... Cont.3d .
Yearil] Honth 1386
Reqg. Avail. Ther. Draw Aoe,
Energy Hydro Scor.
(2} - (3) (4) (53 . (6)
1954 J BL40 6217 - - -
J 6600 H18D 1526 - O44 - 994
A 6750 3719 1426 1605 —-25949
5 BFO0 3263 1426 -2011 4610
0 6630 3537 1426 -1637 —5(297
N 6564 3574 1426 =1560 -7851
i 6500 4746 1426 - 323 -8185
1955 i 200 6630 1426 +2256 =-5929
) F o000 53725 1426 +1151 —47T78
M 6100 6168 1426 +1494 -3284
A al20 0275 1426 +1581 =1703
M 6370 5313 1426 + 360 =-1334
I 6440 S040 1426 + 26 -1298
J 6600 4743 1424 - 431 -1729
A 6750 3705 1426 -1619 -334%
5 6700 3794 1426 1480 -4818 *
0 6650 3303 14286 =-1921 . —-674%
H 6560 4760 1426 — 374 -7123
n 6500 5929 1426 + 855 —H268
Sum total (7) 17,112

&

Note: In the following years of 1987, 19838, 1989 and 1990, Seguences & and B have the sane composition and has
already been computed im Table n? 3.7.
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Table n? 3,104Avallable Energy in the ﬁveragg Year {195%9) with no regulation from storage reﬂervoifs

: JUBUHTRTM PIRATU XAVANTES SALTD GRANDE

Year Month Hatural  Enerzy Watural - Energy Natural Energy Natural Energy
_ Flow Frod Flow Prod Flow Prod Flow Prod
e (2) (3) (2) (3) (2) (3) (2) (3}
1959 J 376 B5 384 120 545 280 H31 6l
F 358 Ba 365 120 538 ZUB FLTA 61
M 270 70 275 120 334 213, 513 6l
A 248 64 253 116 358 198 481 6l
M 158 51 202 93 290 161 351 57
J la0 41 163 15 237 131 321 57
J ize 3z 129 3% 187 104 252 37
A 152 39 155 71 218 121 200 42
5 114 3G 121 35 174 Bh 234 34
£ D 126 32 129 59 189 105 256 37
H 112 29 114 52 158 b4 231 34
o 140 36 143 66 204 113 274 4n
Col.(1}. The vear 1959 represents the average vear in the period of tecord {1932-1959}, Average

vear is a vear who has the same average of the whole perlod of record.
Cpl.{2), Lists the natural flow in cuhic metar per second at the hydro sites,
Col.(3). Lists the energy production expressed in MiWmenth,

- Conttiaa
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Table u?3,10. Avallable Energy in the Average Year {1959) with no regulation from stoTage reservolrs

«ee Conc. 2.

CANDAS CAPTVARA - TAGUARDCU

Year Month Hatural Energy Hatural Energy Katural Energy
Flow Prod Flow Prod Flow Prod
(1) (2} (3) (2} - (3 (2) (3)

1959 J 855 238 1455 564 1512 320
F 1619 260 1932 -7 11 2007 330

M b4a7 120 1065 412 1106 234

A 263 157 905 350 940 199

7 M 465 129 a0? 312 H338 78

J 374 104 B35 246 660 , 140

J 288 80 500 194 519 110

& 350 a7 576 223 597 126

5 267 74 481 186 200 106

o 296 BZ 524 202 545 115

N 265 T4 60 178 478 101

D 311 B& LH3 187 502 106

Cont....



Table n? 3.104vailable Energy In the Average Year (1959) with ne regulation from storage reservoirs

vee Conk. 3.

.BARRA BONITA BARIRI IBITINGA PROMIYSED .

Year Honth Hatural Energy Hatural Energy Hatural  Energy Hatural Energy
v Flow Prod Flow Prod Flow Prod Flow Prod
(1) {2} (3 (2) (3) {2} {3) {2) (3)
ol 1959 J 596 98 643 123 784 114 o8t . 196
13 450 74 502 96 658 114 877 175
M 433 71 478 51 613 ) 114 ETAlN] 160
A 410 &7 453 86 582 111 760 152
4 HT 251 41 278 .53 359 68 473 94
J 208 34 229 &4 292 56 379 76
J 155 25 173 =33 227 43 303 61
A. 151 30 201 38 2601 L) 344 60
5 137 22 152 29 197 37 258 51 °
4] 150 25 166 32 214 41 282 56
H 183 30 194 37 227 43 273 54
i sz 58 381 73 468 89 SE9 118

Cont...

o



1

Table n? 3.10. Availeble Enerpy in the Average Yesr {1958) with no regulation from storage reservolrs

--. Cont. &.
ACUA VIRMELHA ILKA SOLTEIRA JUPIA ILHA GRANDE
Year Honth Natural Enetrgy Natural Energy Natural Energy Natural  Energy
Flow Prod Flow Frod Flow Prod Flenr Prod
{1) {2} (3} (2} (3} (2) (3) (23 (3)
1959 J 3409 1380 BE2H 3200 0214 1400 12350 3600
‘ T 2820 1290 LT 2720 7812 1400 14560 3840
H 2B65 1215 8979 3200 Q317 1400 12050 3500
A 2565 1170 6711 2460 7025 1370 11250 3270
4 M 1625 740 4101 1500 43148 Bal 7110 2070
J 1300 590 3351 1225 3553 692 5910 1720
J 1222 555 2752 1005 2842 375 4490 1310
A 1207 530 2523 925 2717 - 530 4480 1310
1 1128 513 2165 793 2350 458 3710 1080
0 1104 510 2231 816 251§ 470 4190 1220 '
b 1192 542 3304 1210 3480 678 5000 1455
D 1399 636 4012 1470 5233 825 6990 2030

.. ) Conte.aa
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Table n® 3.10. Available Energy in the Average Year (1959) with no regulation from storage reservelrs

o Conk. 5.

JAGUARL CRAMINHA EUCLIDES DA CUNHA

AND LIMOEIRC
Year Month Fatural Energy Hatural Energy Hatural Energy
Flow Prod Flow Prod Flow Prod
(1 {2} {33 {2} {33 {2} (3}
1454 J 20 135 68 227 119
F 20 82 60 139 118
H 20 20 -51.5 113 115
A 20 35 26,5 a5 92.5
F 20 29 21 60 58
J 20 29 21 48 47
J 20 24 138 40 39
& 20 22 16 30 38
5 20 18 13 32 31
a 20 18 14 32 31
H 20 a5 26 37 o5
I 20 47 35 i7 ih




Table n93.11Thermal Energy Requirements for Sequence A, for Average Flow Conditiong

kg

1971 1972
tear ¥euth Bedg., Avail, Ther,  Draw Ace, Req. Awval, Ther, Draw Ace,
(1) Enerpy Hydro ~ Star. Energy Hydro Stor.
{2) ) (4) (5) (6) (2) (32 4y . (5. {6}
1559 J 7040 1788 - - - " 880 2168 - - -
F 720 1729 - - - RN 2127 - - -
M 735 1693 - - - 025 2006 - - -
A 738 1658 ~ - i 230 1958 - - -
| FL-Y 1370 - - - 965 1370 - - -
J 775 1133 - - - 830 1133 - - -
J 7495 926 _ - - - 1000 926 36 - 38 - 138
A 813 824 - - - 1025 024 36 =165 =203
s BO6 770 3b - - 1018 770 36 ~212 =415
o 802 B0G - - - 1010 406 36 ~168 ~583
N ' 780 1046 - - — 4%h 1046 36 + B6 =497
p ” 783 1364 - - - 486 1324 36 +414 - 83
Sump, total {7) . _ 36 216

Col.{1}. The year 1959 represents the average flow conditions.

Col.(2}. 1lists the required cnergy in the lead year scated above, Ln Mifmenth,

Ccl.(3). 1ists the available enerpy from the hydro plants on that Jerresponding load year with no reservoir
: regulation, in MWmonth.

Col.{4), - 1lists the thermal energy production, in ¥imonth.

Col.{5}. shows the difference between cols.( 3+4 ) and (2}. ¥egative signs indicate flow deficieney and
therefore draw from storage, Flus signs indlicate flow surplus which may be stored in the
TCSETVRIr,

Col.(6). shows the deficiency in the storzge reserveir in MHwonth,

Row (7). Smm toral 4f Col.{4).
Cont, R
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Table n? 3.1LThermzl Energy Requirements for Segquence A, for Average Flow Conditions

oo .Cont, 2.

1973 19374
Year Month . .
(1) Reg. Avail. Ther. Draw Ave, Req. Avail. Thers Braw Acc,
Encrgy Hydro Stor. Energy  Hydre Stor.
(2) ©(3) (4) (3) (6} (2} A3 (4) (3) (&)
1959 J 105) 2168 - - - 1304 2848 - - -
F 1130 2127 - - - 1350 2807 - - -
| A 1140 2006 - - - 1330 2686 - - -
A 1150 14958 - - - 1380 2603 - - -
M 1185 1370 - - - 1430 1350 - - -
J 12190 1133 ib - 41 - 4l 1450 1630 - - -
J 1249 9Z2h 3b —258 - 29% 1490 1406 36 - 48 - 4B
A 1270 824 36 -410 - 709 1520 1304 36 =180 228
5 1260 770 35 -454 ~-1163 1510 1250 36 -234 452
o 1250 846 K 408 -1571 1500 1286 39 -178  -630
H 1230 1046 b ~1 48 =171% 1480 1536 36 o« 2 w548
D, 1220 1364 36 +180 ~1539 1460 1844 36 +420 =128
Sum, total (7) 252 216

Col. (1} ¢
Col.(2).
Col . (3).

“Col. (4).
Gol. (5).

Col. (6],
Row (7).

The year 1959 represents the average flow conditions.
lisce the required enerpgy in the load year stated above, in Milmonth.

Lists the available energy from the hydre plants on that corresponding leoad year with no reservoir

regulation, in Mimonth.

lists the thermal cnergy production, in MWmonth.

ghows the difference hetwoan epla, { 3+4 ) and {2).

reservoir,

Negative signs indicate flow deficiency and
therefore draw from storage. Plus sipns imdicate flow surplus which may be sotred in  the

shows the deficicocy in the storage reservoir in Mimonth,

Sum total of Col.{4).

Cont. ...
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Table n% 3.1]1.Thermal Energy Requirements for Sequence 4, for Average Flow Conditions

.--:.ﬂDﬁan3;

1975 ' 1976
YEEI(I} Honth Req. Avail. Ther. Draw Ace. Ren, Avail. Ther. Draw Ace,
Enerpy Hydro Stor. Enerpgy Hydro Sror.
(2) (3 (&) (5) {(6) (2) . {3) (4) A5y, @),
1959 J 1500 ' 3228 - - - 1730 3808 - - -
F 1560 3287 - - - 1720 3767 - - -
H 1580 3166 - - - 1820 3645 - - -
A 1590 anes - - - 1330 35568 - - -
H 1655 2330 - - - 1200 2810 - - -
J 1670. 2093 - - - 1920 2358 - - -
J 1710 18848 r - - 1970 1931 36 - 3 - 3
A 1750 1749 1 - = 1 2020 1749 36 =235 =238
] 1740 1563 36 ~141 ~142 2000 1563 36 =401 . =539
3] 1730 1622 36 - 72 =214 1990 laz2 36 ~332 ~971
H 1700 2006 - +214 full 1960 2256 36 +332 ~539
Dy 1690 2324 - - - 1940 2804 - +639 fuil
Sum.total. . {7). . 73 . 180,
€ol.(2}. The year 1959 represents the average flow conditins.
Col.{2). 1lists the required energy in the load year stated above; in MWmonth.
Col.{3). 1lists the avallable enerpy from the hydre plants on that corresponding load year wicth no reservoir
. regulation, in MWmonth, .
Col.(4). 1lists the thermal energy production, In MWmonth,
Col.{5). shows the difference between cols. { 3+4 } and (2), MNegative signs indicare flow deficiency and
therefore draw from storage. Flus signs indicate flow surplus which may be stored in  the
reservoir. *
Col.(B). shows the deficiency in the etorage reservoir in MWmenth.
Row (7). Sum total) of Col.{&)

Cont. ﬂﬂg
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.Table n? 3.11,Thermal Encrgy Requirements for Sequence A, for Average Flow Conditions

T 1
1977 - 1978
Year(l) Meath Req. Avail,  Ther. Draw AcCc. Reg. Avail, Ther. Draw Arce,
Energy Hydro ' Stor. Energy Hydro Ator.
(2} (32 {4) (5} {6) {2) (3) (4) (5 .. (&)
1959 J 1990 4448 .- - - 2260 4888 - - -
F 2060 4047 - - - 2340 45902 - - -
hii 2090 4286 - - - 2370 4538 - - -
A 2100 4208 - - - 2380 4390 - - -
M 2180 3182 = - - 2480 3276 - - -
J 2210. 2604 - - - 2510 2680 - - -
J 2260 2125 36 -85 - 89 2570 2186 36 =348 - 348
A 2310 1972 36 =302 - 401 2630 2041 36 =353 - 1901
5 2300 1749 36 =515 = 916 2610 1600 38 -774 =1875
O 2280 1824 a6 —420 -1336 2600 1880 356 -684 —-2359
N 2250 2434 36 +220 ~1116 2560 2488 36 =36 ~2395
D Py 2230 3021 36 +827 -~ 2B9 2530 3132 36 + 36 =1750
.Sum total (7} 216 , 216,
Col.(1). The year 1959 represents the average flow conditions.
Col:{2). 1lists the required energy in the load vear stated above. in Mimoenth.
Cpl.(3). 1lists the awvailable energy from the hydro plants on that corresponding load year with no reservoir
repgulation, in Mimonth.
Col.(4). Iists the thermal energy production, in Mémonth.
Co0l.(5). shows the difference between cols. [ 3+4 )} and (2). VNegative signs indicate flow deficiency and
therefore draw from storage. Plus signs indicdte flow surplus vhich may be stored in the
regrrvolr. R
Col.(B). shows the deficiency in che storage reserveir in Mimonth.
Fow (7)., Sum totzl of Col.{4).

EDL'I.‘_I:.D i
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Table n?3.11.Thermal Enerpy Requirements for Sequence A, for Average Flow Conditions

. .Cont. 5.
1979 1580
‘jfearu) Konth Req. Avail. Ther, Draw Aec, Req. Avall, Ther. Draw Ace.
Energy Hydro Stor. Energy  liydro Stor,
(23 {3) {4) (5 "{6) {2 (3) (4) ) B £)
1959 J 2560 4888 - - - 2810 HI08 - - -
F 2650 5902 - - - 2920 5222 - - -
M 2650 4538 - - - 2950 4858 - - ~
A 2900 4390 - - . 2980 4710 - - -
M 2810 AzT7é - - - 100 3276 - - -
J 2820 2680 36 - 104 - 104 310 2680 440 - -
J 2910 2186 £ - B8 - 7492 3200 2186 576 =438 - 438
A 2080 2041 36 - 903 -1695 3280 2041 576 -863 . -1101
5 2960 1800 36 =1124 =2819 azeo 1800 576 ~984  ~1B8%
0 2950 1880 36 -1034  -3853 3240 1880 576 -784 2769
N 2200 2488 a6 = 376 -42298 3190 2488 576 -126 -2895
Pij 7 2870 3139 6 +730F -3924 3160 3139 576 +555 =2340

Sum, total, (7} 252 . 3,896

Col-.{1). The year 1959 represents the average flow conditions. :

Gol.(2). lists the reqiired encrgy in the load year stated above, in Mimonth.

Col.(3). 1lists the available encrgy from the hydro plants on that corresponding load year with'me reservoir
regulation, in Mdmonth.

Col.(4}. 1lists the thermzl energy production, in Mdmonth.

Col.(5). shows the difference between cols. ( 3+4 ) and (2). Nepative gigns Indicate flow deficiency and
therefore draw from storage, Plus signs indicate Flow surplus which may be stored in the
reservoir.

€al.{6), shows the deficieney in the storage reservoir in Mimonth,

Row (7). Sum total of Col.{4).

Conka o=,
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Table n? 3.11.Thermal Enerpy Requirements for Sequence 4, for Average Flow Conditions

-ve Lont, 6,
Year Month 158} 1982 ‘

(1} Req. Airail, Ther. Draw Ace., Req. Avail. Thet- Draw Ace.
Energy Hydra Stor. Energy Hydro Stor.
(2 (3) {4) {5) {6) (2) (3} (4) {5) (6)
19549 J azzn 5898 - - - 660 6826 - - -
¥ 3340 53912 - - - AT7B0 6862 - - -
H 3400 5548 - - - 3850 6402 - - -
A 3410 5400 - - - KEX 6192 - - -
M 3550 3964 - - - 4030 4366 - - -
J 3580 3270 310 - - 4070 3589 481 - -
- J 36E0 241 376 =363 - 3163 4170 2990 576 = 604 = b4
A 3760 2591 576 =353 = 950 4260 ZBEB5 576 ~ 79% =14{3
3 3730 23113 576 =841 =1747 4230 25948 576 =1106 -2509
0 S 3710 2390 376 =144 =2541 4210 2646 576 - 988 —Hﬁg?r
Lo} 3660 In3Q a76 - 54 =2595 4150 3257 576 - 817 =314
h 3620 2715 576 +751 ~-1864 4110 4033 576 + 499 =3815

Sum, tetal (7} 3,766 3,937 :

Col.(1). The year 19539 represents the average flow conditioms.

Col.(2}, lisets the required energy in -the:'lofid ¥ear stated =bove, in M¥month.
Col.(3). lists the available energy from the hydro plants on that corresponding load year with no reservoilr

regulacion, ia Midmonth.

Col.(4}. lists the thermal energy production; in MWmonth,

Col.(5). shows the dEfference between colsg ( 3+4 ) and
therefore drav from storage.

e TaEeTYDIT,

Plus

2}a
signs indicate

Herprive

signs indicate

low surplus

Col.(6). shows the deficliency in the storage reservoir in MWmenth.
Row (7}, Sum total of Col.(4).

which may be stéred in

flow defieciency and
the

cﬂnt: CED
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Takle n? 3.11lTherm=l Energy Requirements- for Sequance A, for Average Flow Conditions

wea.Oont. 7.

‘!l’e.a.'u.'(.'l‘:i Honth 1283 1984
Red. Avail. Ther. Drast Acc. Req. Avail. Ther. Draw | Acc.
Energy Hydre Stor. Encrgy  Hydro Stor.
(2} (3 {4) {3} (6) {2 {3) . & {3 (0
14959 J 150 7786 - - - 46370 BEBB6 - - -
F 4290 7822 - - - LBL0 B612 - - -
H 4360 7362 - -~ - 4910 gan2 - - -
A 4380 5802 - - - 44930 Fe02 - - -
M 4550 5006 - - - 5130 5536 - - -
J &600 4229 371 - - 5180 4709 £71 - -
J 4720 3630 576 —514 514 5320 4110 576 - 634 = 834
A 4830 3525 576 - 7289 =1243 5430 4005 576 = 559 =1283%
8 4730 3183 576 -1026  —2269 5400 3668 576 -1158  -243%
G 4760 3286 576 - 838 -3ie} 5370 3766 5276 ~1028  -34b7
N & 4691 3587 h76 - 218 -3384 5280 4377 576 = 327 =379
D 4650 4673 576 + 500 -2785 2240 5153 376 - 480 ~4283

Sum total (7) - 3,827 3,927

Cal.(). The year 1959 reprezents the average flow conditions.

Col.(2}. Iists the required energy in the load year stated above, in Mimenth.

Col.{3}. lists the available enerpy from the hydro plants ot that corresponding load year with ne regervoir

“ regulation, in M¥month.

Col.(4). 1lists the therm=l energy production, in Mimonth.

Col.(3). shows the difference betueen cols. { 3+4 ) and (2). Wegative signs indicate flow deficiency and
therefore drawv from storags. Plus signs indicate f£low surplus which may be stored in the
reservoir.

Col.(6). shows the deficiency in the anrage reservoir in MWMaonth.

Row (7). Sum totzl of Col.{4).

Conts « a0
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Table n?3.11.Thermal Energy Requirements for Sequence A, for Average Flow Conditions

-k rr .EQ]I:I.t- .3.

Year Month 1985 1986
{13 Reg. Avail. Ther. Draw Acc, Req. Avail, Ther, Draw Ace.
Energy Hydre Stor. Energy Hydre ) SBtor.
(2) (3) (4) (3) (6) (2) (3} (4} (3}, (6)
1959 J 5180 9986 - - - 2BG0 10306 - - -
¥ S360 9402 - - - 000 9732 - - -
M4 5450 9327 - - - 6100 9647 - - -
A 3470 8332 - - - 6120 8652 - - -
M 5700 o0léa - - - 6370 o036 1334 - -
J 5750 - 5189 561 - - 6440 5309 1136 - -
J 2500 4300 576 =1024 =1024 o600 4300 1426 - 874 =874
A 6040 4195 576 =129 =2203 6750 4195 1426 =1129% -=3003
s 5080 3668 576 ~1936 ~4029 B700 3668 1426 -1606 -3A09
0 5950 agab 576 ~1508 -5537 5650 3866 1426 -1358 -49&7
! 5860 &712 576 - 572 -610% BRED 4712 1426 - 422 ~5384
b ¥ 3810 5633 576 + 399 =570 6500 5953 1426 + B79  —4510

Sum, total (7) §,017 10021 .

Col.{1), The vear 1959 represents the average flow conditions.

Col.{2). 1lists the required energy in the leoad year stared above, in Milmonth.

Col,(3). lists the available energy from the hydre plants on that corresponding leoad year with no Tescrvoir

. regulation, in MWmonth. .

Col.{4), lists the thermal energy production, in timonth.

Col.(5). shows the difference between cols, { 3+4 )} and (2}. Negative aigns indicate flow deficiency and
therefore draw frém storage. Plus sipgns indiecare flow surplus which may be stored in  the
reservoir, -

Col.{B8), shows the deficiency in the storage reserveoir in Mimonth.

Fow (7). Sum total of GCol.(4).

Cont, rool
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Table n23.11,Thernil Ecergy Requirements for Sequence A, for Average Flow Conditions

iee . oont. B

W 1987 1988
ear Month

{1} Reg. Avail. Ther. Draw Acc. Req. Avail. " Ther. Draw Ao,
Encergy livtro Star. Enerpy Iydro Stor.

(2) {3) (&) {5) (6} (2) {3) £5) £5) AEY

1959 J 6450 10620 - - - TL60 11106 - - -
T 6680 10102 - - - 7420 10582 - - -

M £780 9oe7v - - - o550 10447 - - -

- a820 89372 - - - 7500 0452 - - -

M 7100 G186 a14 - - G580 61586 1694 - -

J 7160 5309. 1351 - - 7840 5300 2651 - -

J 350 4300 2276 - 74 - 774 31560 4300 3126 - 734 - 734

A 1510 4155 2274 ~103% ~-1313 8150 5195 3126 ~1029  =1763

5 F450 3668 2276 =150& -3319 8290 3668 3126 =1405 —3259

) 7420 366 2276 =1278 =4597 8250 3BaG 3126 -1258 4517

) # 7300 4712 2276 - 312 =-49049 5120 4712 31248 - 282 4799

D 7250 ofe3 2276 +1089 ﬁ“3820 5050 6063 3126 +1139 =3660

Sum.Total (7) . 10421 23,101

Col.{1}. The year 1955 represents the average flow conditions.

Col.{2). 1lists the required enerpgy in the load year stated above; Ian Mdmonth.

Col.{3). 1lists the availabkle energy from the hydre plants on that corresponding load year with no reservoir
regulation, in MEmonth,

Col.{4Y. 1lists the thermal enerpy production, in Mimonth.

Col.{5). shows the difference between cola, § 3+4) and (2).. Negative sipns indicate flow deficiency and
therefore draw from storage. Plus signs indicate flow surplus which may be stored in the
resarvoir. . '

Col.(6). shows the deficiency in the storage reservoir in MWmonth.

Row (7). Sum total of Col.(4). d

Crnty - o
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Tsble u93.11Thermal Emerpy Requirements For Sequence 4, for Average Flow Conditions

coc . Cont, .10 .

Row (7).

Sum total of Col:{4).

Year Moneh 1989 1990
(1) Req, Avail., Ther, Draw AL o Req. Avail, Thor. Draw ACC
Enerpgy Hydro Ster, Energy INydro Ster.
(2} (3) (&) {3} (G) {2} {3) (42 {5} (6}
1459 J 7960 11106 - - - 800 11106 - - -
F 2240 10582 - - - 9120 10582 - - -
M 2370 10447 - - - 9260 10447 .- - -
A 8420 9452 - - - 9310 9452 - - -
M 2750 6186 2564 - - 9700 6186 3514 - -
J 8850 5309 3541 - - - 2800 3309 4491 - -
J 9070 43500 3978 - 794 - 794 10050 4300 5126 - 24 = 24
A 9270 4195 3976 =-109% -1893 10250 4195 5724 - 329 - 353
5 9200 J&68 3978 -1556  —=3449 10190 3668 5726 = 790 ~114%
4] %1350 3866 3976 -1308 -4757 10120 3866 5726 —~ 528 =1677
) # 3020 &712 3976 - 332 =508y 9960 4712 372b =478 ~2155
D 4540 6063 3876 -10%3 -61838 9880 6063 5726 +¥1909 - 246
JSum total (7)) 29,961 42,361
Col.(1). The year 1959 represents the average flow condirions.
Col.{2). 1lists the required cnergy in the load year stated above, in Mimonth.
Col.{3). lists thc available cnergy from the hydro plants on that corresponding load year with no reservoir
- regulation, in Mifmonth.
Col,(4). lists the thermal cenergy producticm, in MWmonth.
Col.{3}. shows the difference between cols. (3+4) and (2). Negative signas indicate flow deficiency and
therefore draw from storage. FPlus signs indicate flow surplus which may be stored in the
reservoir, i
Col.(6). shows the deficiency in the storage resgervolr in Mifmonth,



Table n? 3,12.Thermal Energy Requirements for Sequence B, for Average Flow Conditions
!

wi

Tear Month 1971 - 1872 .
(1) Red. 7 Avail. Ther. Draw Ace, Req. Avail. Thar. Draw Acc.
Energy Hydro Stor, Energy  Hydro Stor,
(2) (. (& (5) (6) (2) (3) (&) (5) (&)
1959 J 700 1788 - - - 520 2168 - - -
F 720 1729 - - - 5910 2127 - - -
M 735 1693 - - - 925 2006 - - -
A 7138 1658 - - - 230 1953 - - -
M 167 ~1370 - - - 965 1370 - - -
J 115 1133 - - - SB0 1133 - - -
J - 785 926 | - - - 1000 926 36 - 38 - 3B
A 813 B4 - - - 1025 824 3é -165 ~203
8 Bl6 770 30 - - 1018 710 .30 - 12 -415
a 802 806 - - - 10190 BO& k1] =168 —-53483
X - #7790 1046 - - - 996 1046 26 + 8& ~497
D 783 1364 - - - - 086 1364 ~<3b +h14 —83
Sum total (7Y - 34 . . 216,

Col. (1), The year 1959 represents the average flow conditions.
Col.(2). lists the reguited eépergy in the load year stated above, in MWmonth,
Col.(3). 1lists the available enecrgy from the hydro plants on that corvesponding load year with no regerveir
. regulation, in Mdmonth.
Col.{4). 1lists the thermal encrgy production, in MiWmonth,
Col.{5), shows the difference betwaen cols. { 3+4 ) and (2). Negative signs indicate flow deficicncy and
therefore draw from storage. Plus signs indicate flow surplus which may be stored in the

TESETVOLT.
Col.{6). shows the deficiency in the storage reservoir in MWmenth,

Row (7). Sum totzl of Col.(&}.

Cﬂnta LK
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Tehle nt3.12Thermal Enerpy Requirements for Sequence B, for Average Flow Conditnns

ess.Cont. 2.

Year Month 1973 L9474
(1) Req. Availl., Ther. Nraw Acc, Req. Avail, + Ther, Draw Ao
Energy Hydro Stor. Energy Hydro Stor,
A2) (3} {4) {3} {6} {2) ) {4) A3) (6)
1958 J 1090 2168 - - - 1300 2488 - - -
F 1130 2127 - - - 1330 2447 - - -
H 1140 2006 - - - 1370 2386 - - -
A 1150 1958 - - - 1380 2218 - - -
M 1135 . 1370 - - - 1430 1682 - - -
J 1210 1131 k[ - 41 - 41 1450 1379 36 -3y =~ 135
J 1250 B25 35 =278 =319 1490 1120 36 ~334 - 369
A 1270 Bz24 36 =410 =729 1520 1047 36 =431 -~ BO6
g 1260 770 36 =454  =1183 1510 456 . ah =618  =1424
0 1250 806 36 =408 =1591 1500 1048 36 ~456  =LB&}
i) # 1230 1046 36 =148 -1735 1480 1124 36 =320  =2200
i) 1220 1364 34 +180 =155% 1460 15581 36 +127 =2073
Sum' total (7) . 252 } . 252
Col.{1}. The Year 1959 represents the average flow conditiens,
Col.{2). 1liste the reguired energy in the load year stated above,; in Mimonth,
Col.{3). Llists the awvailable energy from the hydro plants on that corresponding load year with no researvoir
regulation, in MdWmonth.
Col.(4). 1lists the thermal energy prodnctiongin MWmenth.
Col.(5). showe the difference between cols. { 344 )} and (2). Negative zipgns indicate flow deficiency.and
therafore draw from storage. Plus signs ingdieate flow surplus which may be stored in the
Teservoir. '
Col,(6). shows the deficiency In the storage ressrvoilr in MWmonth,
Row (7). Sum total of Col.{4).

Cont ...
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Table n? 3,12 Thermal Energy Requirements for Sequence B, for Average Flow Conditions

¥ %E .Gﬂnt- .ISn

Tear Month 1375 1576
(1) Req. Avail. Ther. Draw Ace, Req. Avail, Ther. Draw Ace,
Encrgy Hydro Stor. Energy Hydro Stor,
(23 (3} (43 (3} (&) {2}, (3} (4} (3} (6} .
1959 J 1500 2878 - - - 1730 2307 - - -
F 1560 2837 T - - 1790 3342 - - -
byl 1580 2708 - - - 15620 ans3 - - -
A 15580 2538 - - - 1830 26832 - - -
M 15655 1212 - - - 1300 2257 - - -
J 1670 16090 36 -2 - 25 1920 1954 - - -
J 1710 1350 36 =324 -~ 349 1970 1675 36 -25% - 259
A 1750 1277 36 -437 - 786 2020 1597 36 =367 -~ b4b
5 1740 1186 36 =518 ~1304 20400 1459 36 =495 <1141
] 1730 1238 36 ~456 =1760 1290 1518 36 =436  ~1577
N 1700 1354 36 =310 -2070 1960 1666 36 =258 ~1835
D 7 1690 1781 36 +127 —1943 1940 2126 36 +222 -1613
.Sum_ total (7) 252 216,
Col,f1}. The vear 1959 represents the averapge flow conditions,.
Col.{2}. 1lists the required energy in the load year stated above, in Mimonth.
Col.{3). 1lists the available energy Erum the hydro plants on that corresponding load year with pe reservoir
regulation, in Mdmanth.
Col.(4). lists the thermal energy production, in MWmomth,
Col.(5). shows the difference between cols. { 3+4 ] and {Z). Wegative sipgns indicate flow deficiency and
therefore draw from storage., Plus signs indicate £flew surplus which may be stored in the
IESEIVOLT, '
Col.(6), shows the deficiency in che storage resarvoir in MiWmonth.
Row (7), Sum tetal eof Col,(4).

,

Cont, caas
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Table n? 3.12Fhermal Energy Requirements for Sequence B, for Average Flow Conditions

Lo Cont, e

Year Month 1977 1978
(1 Req. dvail. Thex. Draw Apo, Req. Avail. Ther. Draw Ao,
Epergy Hydro Stor, Enerpy  Hydro Stor.
(2) . (3) {4 {5 (&) £2) {3). {4} {5} (63
1059 J 1930 3827 - - - 2260 4285, - - -
F 2060 3862 - - - 2340 4342 - - -
M 2090 3573 - - - 2370 3957 - - =
A 2100 3386 - - - 2380 3725 - - -
;| 2180 2654 - - - 2480 2926 - - -
J 2210 - 2148 a6 - 66 = 66 2510 2364 k1 =110 - 110
J 2260 1814 36 =510 = 476 2570 1985 36 =549 - 5%
A 2310 1765 36 =509 - 985 2630 1960 36 -634 =1293
s 2300 1558 a6 -666  —-1651 2610 1755 36 =Bl -Z112
v] 2280 1659 36 =58> -=2230 2600 1830 26 -734 2846
n o’ 2250 17%2 36 ~422  ~2658 2560 1947 36 =577  =3423
D 2230 2278 36 + B& 2534 2530 2502 36 + @
Sum cotal (7). . 252 ] _ 252 .
Cpl.({1). The vear 1959 represents the average flow conditions.
Col.{2). 1ists the required cnergy in the lnad year stated above, in MWmonth,
Col.{3). lists the available energy from the hydro plants on that corresponding load year with no reservoir
regulation, in MiWmonth.
Col.(4). 1lists the thermal energy production, In MWmonth.
Col.{5). shows the difference between cols. ( 3+4 } and {2}, Negative signs indicate flow deficlency and
therefore draw from srorage. Plus sipns imdicatc flow surpius which may be stored in  the
TEEECVOlL.
Col.{6). shows the deficiency in the storage reservoir in MWmonth.
RBow (7). GSum total of Col.(4),

Cant, coa
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Table 0% 3,12Thermal Energy Requirements for Sequence B, for Average Flow Conditions
L]

N -7 ) ) o

Year Month 1375 . 1980

(1) Req. Avail. Ther, Draw Ace, Req., Avall, Ther, Draw Are,
Energy Hydro Stor. - Epmergy Hydro Stor.

{2} (3) {4 {5) {6) (2) (3) (4) {5) (o)

1955 J 2560 931 - - - 2810 3801 - - -
F 2650 4977 - - - 2520 5847 - - -

M 2690 L497 - - - 2960 5367 - - -

A 2700 4227 - - - © 29B0 S0497 - - -

M 2810 3256 - - - 3100 3586 - - -

J 2820 2684 < 36 =100 - 100 3120 3324 - - - -

J 22140 2303 36 =5G% — GaY 3220 2945 36 =219 - Z1%

A 2980 2280 36 -664 -1333 3280 2885 36 -39 ~ 578

5 2060 2075 35 =49 =2182 326D 2548 36 =636 ~1214

O 25954 2150 5 =764 2945 3240 26456 3a =338 17712

I 2300 2267 35 =597  =3543 3190 2207 [ =247 ~2018

o 2570 2822 36 - 12 =-3535 3160 3462 "3 +338 -1881

Sum total {7) . 252 216 .

Col.(l}). The year 1959 represents the average flow conditions.

Col.(2). lists the required energy in the load year stated above, in Mimonth.

Col.{3}. 1lists the avaiilable energy from the hydro plants on that corresponding load year witch no reservoir

g regulation, in ¥Milmonth.

Col.(4), lists the rhermal enerpy production, in MWmonth.

Col.{5}. shows the difference hetween colg. { 3+4) and (2). Negative sipns indicate £flow deficleney and
therefore draw from storage. Plus signs indieate flow surpluz which may be stored in  the
regervoir.

Col,(6). shows the deficieney in the storage reservoir in MWmanth,

Rpd. {7}, Sum fotal of Col.(4}.

Cﬂﬂl'-- w0



6L

Table n? 3.12 Thermal Energy Requirements for Sequence B, for Average Flow Conditions

Luse Gont, B,

Year Month 1981 1982
(1) Req. Avail. Ther. Draw Ace. Req. Avalil. Ther. Draw Anc,
Energy Hydro Star. Enargy Hydro Stor.
(2} - (3) (4) (5) (G} (2} &y (4) (3) (8)
1959 J 3220 B556 - - - 3660 H246 - - -
F A0 602 - - - 3780 aoa02 - - I
ol A400 5122 - - - 3850 6347 - - -
A 3410 5852 - - - 3870 6032 - - -
M 3550 4426 - - - 4030 4426 - - -
J 3580 inen - - - 4070 3665 381 - -
J 3680 2990 36 = B85 T = 654 170 2984 576 - 60f = B0&
A 3760 2885 36 - 839 -1493 4260 2885 576 ~ 799 <1403
5 3730 2540 36 =1146 =2539 4230 2548 576 =1106  =2504
c , 3710 2646 36 -1028  -3667 4210 2646 576 - 988  -3497
X ¥ 3660 3157 36 - 467 -4134 4150 3157 576 - 417 -3914
D 3620 3972 36 + 388 =3746 4110 3972 576 + 438 -3&76
Sum_total (7) . 216 3,837 .
Col.€1). The year 1959 represents the average flow canditiona.
Col.(2). 1lists the required energy in the load year stated above, in Mimonth.
Col.(3). 1lists the available energy from the hydro plants on that ecorresponding load year with no reservoir
g regulation, in MWmonth,
Col.(4). 1lists the thermal energy production, in Mimonth.
Col.(5). shows the difference between cols. { 3+% ) and (2). HNegative signs indicate flow deficienecy and
therefore draw from storage. Plus signs iIndicate flow surplus which may be stored in the
Teservoit.
Col.{6). shows the deficiency in the storage reservoir in Mimonth.
Row (7). Sum total of col;(4}.

Conb: -
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Takle n¥3.12.Thermal Energy Requirements for Sequenece B, for Average Flow Conditions

SRS oa' 1) el

1983 . 1984
Year Month )
(L Req, Avail. Ther. Draw Arc, Req. Avail, Ther. Draw Acc.
Energy Hydro Stor. Energy Hydro Stor.
(2) (3) {4) {5} (6) (2} (3} {4} . (5) .(8)
1550 J 4150 79086 - - - 4670 9026 - - -
F 4290 7862 - - - 4840 8982 - - -
i 4360 7307 - - - 4510 8427 - - -
A . 4380 6902 - - - 4930 8012 - - -
M 4550 5066 - - - 5130 5706 - - -
J 4600 4329 271 - - 5180 4968 211 - -
J 4320 3630 576 - 514 - 514 3320 4270 376 - 474 =470
A 4830 3525 576 - 728 -1243 3430 4165 576 - 689 -1163
8 4790 3188 578 -1026  —2269 5400 3628 576 -1196 -2361
0 ' £760 3286 570 - 798 =-3067 2370 3866 576 - 928 -3289
w7 4690 Iyay 576 - 317 -3384 5280 4437 576 - 267 —3356
D 4650 4612 576 + 536 —2846 5240 5252 576 + 588 —-2964

Sum, total {7} ' 3,727 . 3,667 ~

Col.(1). The year 1955 represents the average flow conditions,

€ol.(2): 1lists the required enerpgy in the load year stated above, in MWmonth.

,Colo(3). 1lists the available energy from the hydro plants on that corresponding load year with no reserveir
regulation, in MWmanth,

Col.{4). lists the thermsl energy produection, in MWmonth,

Col;{5), shows the difforence between cols. ( 345 ) and.(i}; Hegative signs indicate flow deficiency and
therefore draw from storage. PFlus signs indieate flow surplns which may be stored in the
reservolr,

Col.{6). shows the deficiency in the storage reservoir in ¥WWmonth:

Row {7). 5Sum total of Col.{4}). _

Cont, ...
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Table n? 3.12.Thermal Enargy Requirements for Sequence B, for Averapge Flow Conditions

.ws Cont, Z.

&4

Year Month 1385 1986
(1) Req. hvatl, Ther, Draw Aece, Req. Avail, Ther, Dyaw Arc,
Energy lHydro Stor. Enerpy  Hydro Stor,
(2) - (3 (4) {5 (6) {2 (2 {4} (3) (&}
L959 J 518D 9984 - - - S800 10306 - - -
F 5360 9782 - - - 6000 D942 - - -
H 5450 9087 - - - 6100 407 - - - -
A 5470 8652 - - - 6120 . 281z - - -
| 3700 8346 - - - 6370 5496 - - -
J 5750 5400 341 - - 6440 5409 1021 - -
J 5500 4300 576 =1024 -1024 6600 4300 1526 - 874 - 974
A 6040 4195 576 ~1269  =2293 6950 4195 1426 -1129  =2103
5 5980 3628 576 =1776 ~=4069 8700 3628 1426 =1646  =3749
6 . 5850 3800 576 =-1508  =3577 6650 3866 1426 -1358 -5107
no7 5860 4612 576 - 672 —6249 6560 4612 1426 - 522 -5629
B 5810 2592 576 + 658 5591 6500 6002 1426 - 928 -4701
Sum total (7 ’ 3,797 ) 4,587

Col, {1}, The year 1959 represents the average flov condidons,

Col.(2), 1lists the required energy in the load year stated ahove, in Wmonth.

Col.(3). lists the available energy from the hydro plants on that corresponding load year with no reservoir
regulation, in Mdmonth.

Col.(4), lists the thermal encrgy production, in Midmonth,

Col.(5). shows the difference between cols. { 3+4 ) and {2). HNegative signs iIndicate [low deficiency and
therefore draw from storage, Plus sipns indicate flow surplus which may be stored in the

« reservoir.
Col,(6)., shows the deficiency in the storage reservoir in MVmonch,

Row (7). Sum total of Col.(4).
Note: In the following years of 1987, 88, 89 and %0, Sequences A and B have the same compositions and has
already been computed in Table o? 3.11. -



78

Table n¥ 3.13. Average Thermal Energy Beguiremecnts for Sequence A

Th. En. Reg. Th, En. Req. .
ey Yoar mermge Year 0 o o of  sversge Themmal
Year 1955 1059 . . TRy equirenents
(1) {23 {3 (&) {5) (6)
0il muelear oil nucleatr oil  nauclear 0i} nwclear o©il  puwclear
1971 144 - 36 - 43 - 29 - 72 -
1972 288 - 216 - 43 - 173 - 216 _
1973 432 - 252 - 84 - 202 - 288 -
1974 248 - 216 - 58 - 173 - 251 -
1975 216 - 73 - 43 - &8 - 101 -
1976 258 - 180 - 38 - 144 - 202 -
1977 2BB - 21A - 58 - 173 - 231 -
1978 360 - Z16 - 72 - 173 - 245 -
1974 2376 - 252 - 474 - 02 - 676 -
1980 GB4 4 - 3896 - 1370 - 3110 - 4480 -
1941 a7q? - 3766 - 11640 - 3010 - 4170 -
19462 6912 - 3937 - 1380 - 3140 - 4520 -
1583 5112{ - 3B} - 1220 - 3060 - 4280 -
1984 6912 - Jgaz2i - 1380 - 3140 - 4520 -
1985 6912 - 4017 - 1380 - . 3210 - £5490 -
1586 6012 10204 J737 L2384 13B0 2020 2920 a025 4360 7045
1987 G653 20400 3607 12814 1330 40HO 2880 10250 4210 14330
1988 6412 27000 3B57 17444 1380 5400 3080 13850 4460 13350
1985 6225 L0800 3507 26364 1250 81a0 2875 21000 4125 20160
1990 10560 48228 9047 33264 2110 a5 7260 26600  B3TO IBE50
Col.(l) shows the period of study.
Col.(2) 1lists the thermzl energy requirements in the Dry Year (15955) in MuWmonth. The ecolumm 1s subdivided
in.two columns, the first one lists the energy produced by the oil fired plants and the second:ome
‘lists the energy produced by the nuclear plants. This subdivision is necessary once the cost  of
fuel in each kind of station Is different.
Col.(3) 1lists the chermal energy requirements im the Average year (1959) in iWmonth. The column Is  sub-
divided in two for the same purpose Col. (2} is.
Col. (@) lists the sum of Col.{4) and Col.(5) and represcnts the average thermal energy requireoents, 1Iin

Mumotth.
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Table n¥ 3.14, Aveiage Thermal Energy Requirements for Sequence B

“Dey Year | average Toor 202 of 807 of Average Therval
¥ £ Col.(2) Col. (3} Energy Bequirements
Yoar 1955 1959 _
D (23 (3) ) (4) {5 _ {63}
oil nuclear o1l qpuplesr nil nuclesr a1l nuclear oil nuclaar
1971 144 - - 36 - 43 - 9 - 72 =
1972 288 - 216 - 43 - ~ 173 - 218 -
1073 432 - 252 - BE - 202 - 288 -
1974 427 - 252 - a5 - 202 - 287 -
1975 396 - 252 - 74 - 202 - 281 -
1976 360 - 216 - 72 - 173 - 245 -
1977 432 - 252 - 86 - 202 - 2BB -
1978 432 - 252 - Bé - 202 - 288 -
1279 432 - 252 - Ba - 202 - 2B8B -
1980 324 - 21a - 63 - 173 - 238 -
1981 432 - 216 - Ba - 173 - 250 -
1982 B91Z - 3837 - 1380 - 060 - 4440~ -
1983 D12 ¥ - 3727 - 13B0 - 2980 - 4360 -
1084 5800 - 3667 - 1162 - 2930 - 4092 -
1985 6912 - 3797 - 1380 - An&D - 4420 -
1986 G012 10Z00 3sd? 5950 1380 2050 2900 4760 68140 8180 .
1087 66353 20400 307 12814 1330 4080 2880 10250 4210 14330
lugg 6912 23000 3857 L7444 1380 400 3080 13950 440 " 15350
Iogy 6225 40800 35a7 26364 1250 B1R0 2875 210600 4125 29180
1990 10560 48228 o007 33264 2110 9650 7260 26600 ° 9370 38250
Col.(1) shaws the period of study.
€0l1.(2) Iists the rhermal enarpgy requirements in the Dry year (1955) in MMmonth. The column is subdivided
in two columnz, the firat ome lists the energy preoduced by the oil firad plants and the second me
1lists the energy produced by thes nuelear plants. This subdivitions is necessary once the cost of
fuel in each kind of station i1s differcnt.
Col.(ﬂ} lists the thermal energy requirements in the Average Year (1959} in MWmonth. The cnlumn iz sub -
divided in two for the same purpose Col. (2% is.
Cal.{ﬁ) Lists the sum of Col.{4) and Col.{3} and represents the average rhermal energy requirements, in

Mimonch.
-]



Table n% 3.15. Variable Annual Charges of Thermal Additions in Sequence A

Aver. Ther. Aver. Ther.

e

Energy Re Enatay Re Variable Charges  Varisble Charges Variable Charges
Year LonEy Beds EY BEq. of 0il Thermal of Nuclear Ther. of Thermal
01l Thermal MNuclear Tn. Addi tious Additions Additions
Addirions Addifnns N
{1) (2) {3) {4) {53} . (6
1971 Fiz - 205 - T 205
1972 216 - Bih - G
1973 288 - 850 - 30
- 1974 231 - 673 - 673
1975 101 - 292 - 292
1976 202 - 535 - 585
1977 231 - 673 - 673
1978 245 - 732 -, 732
1970 676 - 1498 - 1990
1980 4480 -— 13100 - 13100
1081 190 - 12200 Co- 12200
1982 ARZ20 - 13200 - 13200
1983 £230 - 12530 = 12530
1984 4520 - 13200 - 13200
1985 4500 - - 13400 - 13400 .
1986 5360 7045 12780 - I740 20520
1987 4210 14330 12300 15750 28050
1984 4460 19350 13060 21300 34360
1580 4125 Z291a0 12080 32000 44080
1990 Q3?0 36250 27400 30800 67200 '

Col. 1) Shows the period of study.
£ol.(2) 1ists the average thermal energy requirements in MWmonth from the pil fired thermal stations.

Col.(3) 1lists the average therwal energy requireménts in MWmenth from the nuclear thermal stations.

Col. {4} 1ists the variable charges of the oil fired thermal additicns in millions of USE.

Col.{5} 1lists the wariable charges of the nuclear thermal additions in millions of US$.

Col, 6y lists the sum of Cols.(4) and (5) and represents the wariable charges of all thermal addicians
in millions of D5%.

Hote: The computations done in this Table are explained in page {(28) of the text.



.Tabie n? 3.16, Variable Anoual Charges of Thermzl Additions in Sequence B

dvor. Ther. Aver, Ther.

<q

Energy Req Energy Reg Variable Charges Variable Charpes Variable Charges
Yaar - . ) of 0il Thermal of Nuclear Ther. of Thermal
011 ?h?rmal HHCI?%I Th. Additions Additions Additions
Additions Addltions -
Y (2} () (4 (5] (&) ] .
1971 7z - 205 - 205
1972 216 . - 644 - 644
1973 283 - 850 - 850
1974 287 - 850 - B50
1975 281 - 820 - 820
1974 245 - 73z - 732
1977 288 - X 1H - BLO
1978 288 - B850 - 850
1979 238 - 830 - B50
1980 233 - 702 - 702
1431 259 - 760 - 760
1982 4440 - 13000 - 13000
1983 4360 - 12780 - 12780
1984 A£092 - 11940 - 11960
1985 4420 - 12920 - 12920
1986 8140 8130 17950 G000 26950
1987 4210 - 14330 12300 15750 28050
1988 4460 19350 13060 21300 34360
1989 4125 29160 172080 32000 44080
1920 Q370 ) 36250 27400 29800 67200

Col.{l) Shows the periecd of study.

Coel.(2) Lists the average thermal energy requirements in MWmonth from the oil fired thermal stations.

Col.(3} Lists the average thermal enerpy requirements in MWmonth from the nuclear thermal stations.

Col.{4) Lists the variable charges of the oil fired thermal additions in millions of VUS$.

Col.(5) Lists the variable chargez of the nuclear thermal additieons in millions of DSY.

Col.(6) 1Lists the zum of Cols.{(4) and (5) and represents the variable charges of all thearnel additions
in millions of T&%.
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Table nP 3.17. Hydro Plants: Final Installed Capacity, Number:: of Units, Total Cost, Transmission Costs

Hame Iust&}led Number Total BOZ 20%  of Cost per Transmission
Capacity of Units Cogt Col., Col, (43 Unir Coets
(1} {2} {3} (&) {5} (&) (7} {8)
Ilha Solteira 3200 20, 160 627 500 127 £.35 67
Capivara 6450 4, 1480 155 124 3l 7.75 &0
Agua Verm=lha 1360 12,: 115 244 135 40 4.1 70
Promissac 210 3, V0 130 104 26 8.7 12
Taguarugu 330 4, 83 70 56 14 3.5 60
Canoas 250 3 a5 BD 55 14 .7 24
Piraju 120 2, 60 39 31 8 4,0 20
Ilha Grande 3840 24, 160 660 530 130 5.4 70

4

Col.f1%. 1lists the
Col,{2Y. shows the
Col. ({3}, the firsr

unic
Col. {4}, shows the

subdivided in two in Cols. (5} apd (6). It does not include transmission costs.

names of rhe hydro plants.
final installed capacity at each plant in.. MW,

figure indicates the pumber of units and the second figure indicates the capacity of each

in M.

total cost, in willions of US§, of sach pilant ar the final instal®d capacity. This cost is

Co0l.{5). was calculated as 80 per cent of the total cost and represcnts the cost of the dam and related works.
Col.(6)., was calculated as 20 percceht of the total cost and xeprescnts the cost of the turbines and generators
Col.(7). was cbtained by the dividion of the coat of Col.{6) by the numwber of units of Col.(3). This cost ,

also in millions of US§, represents the cost per unit of turbine and generator.

Gol.(8). costs of tramnsmission, in dollars per kW of instelled capacity, taken from Table n¢ 454-1, page 4-65
of "Power Study of South Centrl Era%il", CAMNAMBRA, vol. 1, December 1264.
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Table n¥ 3.13.

Computation of the Annual Charpes of Hydro Additions in Seguence A

Apnual ch.

Year ;z?:. Capi. Prom, ﬁﬁ:;_ Tagua. Cancas Piraju Giiﬁge gz:z:' zzzii af{giﬁrn
(1) {2) {3) CY (3) (6) (7) (8) (9) (107 11} {12)
1971 - - - - - - - - - - ~
1972 - - - - - - - - - - -
1973 51%.0 - - - - - - - 214.0 733.0 66.0
1974 538.0 = - - -~ - - - 214.0 752.0 67.6
1975 557.0 - - - - ~ - - 214.0 771.0 69.4
1976 569.7 139.5 - - - - - - 252.4 961.6 86.5
1977 569.7 155.0 LIg: - - - - - 254.9 1109.6 100.0
1978 S56%.7 155.0 130 - - - - - 254.9 1109.6 100.0
1379 582.4 155.0 130 - - - - - 254.9 1122.3 101.0
1380 582.4 155.0 130 219.5 - - - — 351.4 1438.3 129.3
1581 595.1 155.0 130 219.5 66.5 69 39 - 379.8 1653.9 148.0
14982 607.8 155.0 130 219.5 66,3 69 39 J3l.6 648.8 2487 .2 224.0
1983 g20.5 155.0 130 227.7 o0 6g 39 567 .48 048. 8 2527 .8 227.3
1584 B27.0 155.0, 120 2a4 .0 0.0 bo 39 584.0 G488 2566 .8 231.5
1585 627.0 135.0 130 244 .10 e.n £9 35 b84.5 O48.8  2577.86 231.7
1986 627.0 155.0 130 244.0 0.0 649 32 605.6 648.8 Z5B3.4 232.5
1987 627.0 135.0 130 244 .0 70.0 69 34 021.8 648.8  2604.6 234.0
1988 627.0 135.0 130 244 .10 70.0 6o 39 ba3.4 643.8  2626.2 236.0
1989 - 627.0 155.0 130 244 .0 0.0 e 39 0434 648.8  2626.2 236.0
1990 627.0 1553.0 130 244 .0 70.0 6o a9 660.0 646.8 2642.8 238.1

Col. {1) Shows the period of study. ,

Col. {23, (3}, {43, (53, (6}, (), (B), and (5) lists each year the total cost of the corresponding hydro

' plant in millions of USS$,
Col. {10 1liste the transmission coscs in millivne of US%.
Col. (11) 1lists each year the total eost of all the hydro additions and corresponds to the sum of Cols. -
(2}, (33, (&), (53, (6), (¥}, (8), {(9) and (20), in millicns of USH.
Cal. (12) 1ists the annual charges of all the hydro addicicns and corresponds to 9% of Cel. (11}. This -

cost 1s also in milliens of USS.
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Tghle n% 3.10.

Computaticon of the Annuel Charges of Hydro Additicne in Segquence B

Annual ch,

Year Capi. ﬁgi;_ Canoas Piraju Tagua. From. éi?i‘ Giiﬁge gg:::' gz;il Df{gggru
(1) (2) {3) (4) {5) (6) (73 (8) {9) {10 L(11) {12}
1571 - - - - - - - - - - -
1572 - - - - - - - - - - -
1573 130.5 - - - - - - - 8.4 " 177.9 1.0
1974 147.2 203.2 - - - - - - 134.5 £485.3 43.6
1975 155.0 215.5 - - - - - - 134.9 505.4 45.5
1976 1s5.0 2235.6 B od 39 - - - - I143.3 625.4 56,3
1977 155.0 223,7 £9.0 39 B6.5 121.4 - - I65.8 840.4 79,6
1878 155.0 223.7 69.0 39 Fo.0 0 130.0 51z2.7 - I79.8 1579.2 142,0
1979 155.0 231.9 69.0 39 70.0 130,0 538.1 - 379.8 1612 .8 1&5.0
18980 I55.0 236.0 59,0 39 0.0 130.0 -  563.5 - 379.8 1642.3 148.0
15841 155.0 2840 69.0 -39 70.0 13G.40 56%.9 - 3749.8 1656.7 149.0
15982 133.0 244,00 EB-G a9 70.0 139.0 5%82.6 551.0 648,08 2490.0 224.0
15482 155.0 244.0 69.0 3o 70.0 130.0 B01.6 573.2 648, 8 2530.6 228.0
1584 155.0 264.0 6%.0 g 0.0 130.0 6l4.3 594.8 648.8 2564.49 231.0
1985 155.0 244.0 o%.0 38 70.0 130.0 620.7, 600.2 G48.8 2576.7 231.5%
1986 155.0 254.0 £9.0 29 0.0 130.0 627.0 B05.6 648.8 2568 4 235.0
1987 155.0 244.0 00,0 38 0.0 130.0 027.0 B621.8 646.8 2604.48 235.0
15958 155.0 244.0 69.0 39 70.0 130.0 B27.0 Ba&3.4 648.8 2626.,2 236.0
1989 155.0 244.0 649.0 a0 0.0 130.0 627.0 B&3L4 6488 2626.2 236.0

. 1990 155.0 244.0 69.0 39 FO.0 130.0 627.0 860.0 648.8 2642 .8 238.1

Col. (1} shows the period of study.

Cok. £2), (3), {4). (5), (6}, (¥), (8), and (9) lists each year the tutal cost of the corresponding hydro

plant in millions of US§
Col. (10) lists the transmission costs in millions of US§.
Col., (11) lists each year the total cost of all the hydro additions and corresponds to the sum of Cols.(2),
{3y, (&), (5), (6), (7, (B, (9) and (10),in millions of USH.
Col. (12) lists the annual charges of &ll the hydro additions and corresponds to 9% of Col. (11). This Cost

iz also in willions of US§.
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Table n% 3.20. Cost Analysis of Seguence &4 — Computation of Total Annual Costs

Ao Ace. Acec. Annual Fixed Tixed Tptal Tokal
Tear Hydro Qil Th. Huclear Cosk gg::al gz::al %E:Tal Annual

Additlons  Addifens | Addltions Hydro 0il Th. Naglear Cost Cast
{1} (2} (3} {4} &) (6} (7 (&} (93
1971 300 - - - - - .20 .20
1972 200 = - - - - .64 Ok
1973 80 - - 66,0 - - .85 bb.BS
1974 lie0 - - 67.6 - - 67 68.27
1975 1240 - - 69,4 - - .29 62,69
1974 2580 - - db.5 - - .54 87.09
195%7 31140 - - 100.0 - - .67 160.67
1978 3110 200 - 100.0 4.7 - .73 105.43
1979 3430 600 - iol.¢ 14.2 - "1.99 117.19
1330 £120 g0 - 129.3 14.2 - 13.10 156.60
1981 070 . B0 - 149.0 14.2 - 11.20 175.40
1842 6030 o600 - 224.0 14.2 - 13.20 251.40
19383 7140 o00 - 227.3 14.2 - 12.53 254 .03
1984 B240 ~ 0D - 231.5 14.2 - 13.20 258.90
1985 8560 BOD 1004 231.7 14.2 30.8 13.40 z90.10"
1886 3880 B0 2000 232.% 14.2 61.6 20.52 318.82
1947 5360 BUOD 3000 234.0 14.2 92,4 28.05 368.65
1988 10000 600 4000 236.0 l4.2 123.2 34.36 407.76
19289. 100090 1600 000 236.0 7.8 154.0 44 .08 471.88
19940 10480 1600 GO0 238.1 37.8 134.8 67.20 527.90

Col.{l) shows the Iecad years. A period of 20 years was studied.

Col.{2) shows the accumulated hydro additions to the system 2t the end of the vear. The figures are listed in MW,
Col. {3} shows the accumulated oil fired thermal additions to the system, in MW.

Col.{4) shows the accumulated nuclear thermal additions te the system, in MW.

Col.(5) shows the annual cost corresponding toethe hydro additions, in millions of USE.

Col.(6) shows the fixed annual cost of the oil fired thermal additions to the system, in millions of US$.

Cal.f?) shows the fixed annual cost of rhe nuclear thermal addiftions, in millieons cf TS54.

Gal. (8} shows the total annual cosc of fuel, in millions of US$, which is the same as wvariable annual chavges.
Col.{9) shows the total annual cost of Seguence A for every load vear, in millions cf UG§.



Table n? 3.21 Cost dnalvsics of Sequence & — Compuctation of Total Annual Costs

0g

Total Py, P.v. of
Year gg:tal Facror Tntalcizgual
(1) (%) (10) {11) B
1571 L2 526 .18
! 1972 .64 857 £ 55
1973 bh.85 794 53.1qQ
1974 &68.27 735 5G.20
1975 G9.69 BBl 47 .40
1976 87.0% B30 54.80
1937 100.67 583 62,20
1678 105,43 540 ' 56.85
1979 117.149 « S00 5B.460
1980 156,60 463 72.80
1981 175.40 4249 15.25
Pt 1982 251.40 307 99,80
1583 254,03 FEEB 493,50
1984 258.20 341 88.30
1985 280,10 315 g91.10
1986 328.82 292 9¢.00
" 1987 3RB.H5 270 ~ 98,50
1938 407 .76 2] 102.00
1989 471.38 232 109.30
- - 19490 527.50 214 113.00
Total Present Value: P=1424.33

{(Jan. 1971)

Col. (1) shows the load years,
Col. (9) shows the total annual cost for every load year in millions of US$.
Col. (10) lists the “present value" factor that corresponds ta a discount rate of 8 per cent per year.
Col. (11} shows the present (1971} wvalue of the figures of Col (9). At che tortom of the table the total of these
vhe-3r figures is given in millions of USS,
The fixed annual charges of the existing system have not been entered, sinecethey are the same for beth
suquences; therefore, they have no bearing on the sequential analvsis.
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Table n? 3.22. Cost Analysis of Sequence B - Computation of Total Annuwal Costs

Fixed Fixed Total

Acc. Acc. Acc. Annual Toral
Year Hydro il Th. Nuclear Cost 222231 gﬁgzal gzzgal Annual

Additions  Additions. Additions Hydro 011 Th. Nuclear Cost Cost
(1} (2) (3) {4) (5) (6) {7} (8) (1
1971 300 - - - - - 20 +20
1972 300 - - - - - B4 .04
1973 620 - - 16.0 - - B3 16,85
1974 1010 - - 43.6 - - L35 G4 .65
1275 1515 , - - 45.5 - - 82 46.32
1976 2035 - - 56.3 - = W73 57.03
1977 251%. - - 75.6 - - L85 T6.45
1978 3185 - - 142.0 - - B3 142.85
1979 4055 - - 145.0 - - B85 145.85
1980 4310 - - 148.0 - - 70 148.70
1981 5200, 600 - 149.0 14.2 - 76 163.96
1982 B1&0 600 - 224.0 14.2 - 13.00 251.20
1983 7230 600 - 228.0 14.2 - 12.78 254 .98
1984 8240 ) 600 - 231.0 14.2 - 11.56 257.16
1985 8560 500 1000 231.0 14.2 in.g 12.52 288.92
1946 8880 B0 2000 233.0 14,2 6l.6 26,585 335.75
1987 9360 500 apoo 243.0 14.2 02.4 2B.(05 3p8.65
1588 10000 B00 4000 236.0 14.2 123.2 34.36 407.76
1545 10000 1600 . 5000 236.0 37.8 154.0 f4.08 471.88
1990 10480 16G0 6000 238.1 37.8 184 .8 67.20 527.80

Col. (1) Shows the load years, 4 period of 20 years was studied.

fol. (2) shows the accumulated hydro additions to the system. The figures are listed in MW.

Col. (3) shows the zecumulated d1 thermal additions to the system, Iin MW,

Col. (4} shows the accumulaced nuclear thermal additions to the system, in MW.

Col. (5) shows the annual cost corresponding to the hydro additions in millions of USSH.

Cal. (&)} shows the fized annual cost of the oil fired thermal additioms in millions of US§.

Col. (7} shows the fixed amnnual cest of the muelear thermal additions in millions of USE.

Col. (8} shows the total annual cost of fuel, in millions of US§, which is the same as wveriable annual charpes.
Col. (9) shows the total annual cost of Sequence B for every load yesr, in millions of USS.



Table n® 3.23. Cost Analysis of Sequence B - Computation of Tokel Annual Coscs

Zh

Toral P.¥ PV, of
Annual Y Total Annual
Year Factor
ost Cosr
. 17 (9) (10) {11)
1971 20 L9286 .18
1972 LB 857 .55
) 1973 16.85 TG54 13.38
1974 44,45 735 J2.60
1975 46,32 B8] .50
1976 57.03 B30 35.85
1977 T6.45 583 44 .50
1978 142 .85 540 77.00
1979 145.85 500 712.80
1980 148.70 LB 68.80
15981 161.96 428 70,40
1932 251.20 397 99.70
7 1883 254 .98 Ji68 03,80
1984 257%.168 4l 87.60
1045 2BE. 97 315 01.00
1985 335.75 .292 0E.00
1LE7 36B._65 230 05, 50
1958 Q7 .78 250 102.00
1939 571.848 232 109,30
19460 527.590 +214 113,00
Total Present Value: P=134]1.46
{(Jen. 19%1) ‘

Col, {1) showa the load years. :
Col. {9) shews the total amnnual cost for every load year in millions of US$
Col, {20) lists the "present value" factor that corresponds to a discount rate of 8 per cent per year.
Col. {11) shows the ppesent (1971) value of the figures of Col. (9). At the bottom of the table the total of
these figures is giwven in millions of USH.
The fized annual charges of the existing system have not beon entered, since they are the same for
both sequence; therefore, they bave no bearing on the saquential analysis.



Chapter &

Conclusions and Reconmendations

In the present example of compariscon between Sequence 4 and B we
found Sequence B of power develgpment cheaper and therefore more attractive .
In spite of the incertainties invelved with this result it is an indiecarion
that rthe construction of Tlha Sclteira power plant represents a very high
initial investyent that could have been postponed for a later date if loaking
only at the ecohemic point of view.

We hope to have showed how important is the study of alternative
sequences of power development and how ko eonduck an economice evaluation of
them. Having pone through these studies will enable us ke knew which is the
most ecotomic seguence and how much is costs to move from the most economic
ote to another if this bas to be done by ressons other than purely economic.
These reasons could be, for example the attendance to some lntapgible social
benefite defined as national wgllfare policy. It is obvious to say that these
studies may represent a lot of savings in the cost of power. Some engineers
and economists get so much tied up to the alternative indicated from the
economic point of view that they forget the existance of alternatives that
may be more interesting when considering other points of view. The engineers
must always supply tha decision makers with more than one alternative and
point out everything that is involved with each one. They must 2lso ghow the
assumptions that were wmade during the studies apd what are the incertainties
iovolved with them. Ic 13 obvious that such lomg~term studies are very sepsitive
te the assumpEiuns that are beipng made. In order to guantify the intertaipries
introduced by the assumed econonic parameters, it is recomnended to make a
gensitive analysis before taking any decision. For example, one important item
ig the discount race to determine the present value of annual costs. In our
atudy we assumed to be equal to the interest rate of 8% which is conventional
practice. However ane could think of app%?ing a higher discount rate te reflect
the incertainties of our estimates of load prowth and comseruction costs.

The fact of thic study having lacked precision in many aspects is

justified for simplifications and assumptions are neceasary tools.
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In thia study they were of different. kinds:

- somle were typical of preliminary studies.

= some are of ecomnon use when we do not have the cime available for more
precision. We must stace clear all the simplifications and assumptions

that were made during the studies and not take at che end any conclusions
that are inconsistentwith them.

- gome are freguently wsed when we are trying to smphasize one aspect of the
study, here the methodology of the economic analysis and not, for example,
the regulation of reservoirs.

We should eobserve that this study had not thahintentiun ta take
conclusions of the sort, Sequence A 15 better than Sequence B or vice-versa.
We wanted to ghow how to conduct a sequential analysis study and how to
calculate a cost associated to each aequence that enables us to compare one

another. We also wapted to show the difference in the schednle of some

power pleants, like in our exaople, can mean considerable difference in the

nt

cost of the sequence.

We sould note that the real study of programming che future
penerating capacity additions of a power system would have meant the |
investigation of a large number of alternative sequences. The investigation
of only twe sequences 13 not more than a first approach te the preblem and
in chis study was uniy to be 4n example to explain the wethodology used.

To find the opcimur sequence invplves a very large omount of work and EHEPE
our to be in a sense a repetitive operation.

We should remember that we have dealt all the rime throogh our
atudy with CESP system considering it isolated from the rest of the power
systems of other utilicies in the South Central Region. This is noct the
way it should have been deone. We should have looked upon CESP's system
integrated in the region and study sequences of power development for the
wvhole South Central Regiun.lln ite Power Market Study (R-8), ELETROREAS
states very well: "The fact that sales contracts have been arranged between

FURNAS and a nuwber of companies and bekween CESP and several companies,
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should not be used to justify the Eact that the market for the amounts of
power axiarg, chae is, the growth prospects of individeal eompanies should
be based on conditions in the respective systems and not in the first
instance on contractual commitments." It alse says that starcing in 1975
there will be interconnection facilities for the -transfer of power among
the utility companies in the Temion.

In our gtudy although the consideration of the whole Seuth
Central Region system would have complicated the analysis with no benafic
it return resarding the préscntation of the Sequential Anzlysis Methodolooy.
The fact of having a much larger system would have invelved a largor number
of power plants, streamflow records, etc. and the work of gathering
information would have been more tiresome, in that case coming from different
companics. .

It is'pasy to see that cthe methodelopy of analysis would not have
changped whether the system was larger or smaller. What would have changed
would have snly been the amount of work inyolved., Another zspect is that,
rurning the syatem more complex would have been of negative value in our
ptegentation and ewplanations of the sequential analysia. Qur abjecrive
was always tb Eenp the analysis as simple as possible te be eagier for the

reader tg follow our pregentation.
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