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PART 4 ELECTRICAL SYSTEM

l.0 PRELIMINARY SURVEY OF THE POWER CONSUMER
MARKET

The Suape Industrial Compfcx , Lo be implanted by the
vaernment of the state of Pernambuco , will entail
the ihstallation of & number of multiple-concern indus-
tries . These industries will utilize the benefits of
the implantation in an area gifted with important infra
structural facilities , which are envisapged by the

state for thet complex , apart from the port itself.

Suape's localization in the south of Recife , and in en
area not fer from that lérge northeastern city , maxes
gasy Suape's search for small and medium-sized industrial
concern . 0On the other hand , the large - sised facilities
to be laid down there shoul also serve as & paltern to
attract the big industrial concerns of the Electric-Meial

lurgic or Petrochemical type

Such installations will mirtor the outstanding position
of the city of Recife as the economic center of gravity
in the HNortheastern Region , interconnscted wigh all of
‘the principal reglonel centers and provided with facili-
~ ties at Suape , which will favour the implanteation of
these large manufacturing units , in & similar way to the
fate given to the district of Aratu , in the Selvador

reglon .

Apart {from the port facilities , these large industriel
installations., today possible to envisage , will meake
Suape a large eclectric power consumer center in the

CHESF system .

As o comparative ¥figure , the Industrial District of Ara
tu was pilven 4in 1867 , a defining plenning for final

demand of enaerpy in:thu range of 600 MW .



It will be a long time before the implantation phase takes
place for the industries carmaded to that area since anly
recently was initiated the construction of the hsavy-indus
try secticn in the area fit to them , and the corresponding
port (CABOTD) is still under poor stage of developmant.
Hotwithstanding, seven years later, the Aratda Industrial
District corresponds now to an energy Market of about 160

i, roughly 25% oFf the final charge planned.

It® becomes evident that the energetic necessities for the
Suape Indusirial Complex will extend to the same amounts

of those planned for the Aratd Industirial District. However,
the actual evalucetion will heve to make an allowance Tor the
utilizatiocn of 1he plots intended for the implantation of
light, medium or heavy Industrios. all according te the type
cf consumers to which they will relete, and other speciel
factors such as the physiographic characteristics which may
be found , the nature end the concentration of the activities

in the new port under planning., eotc.

Fer the time belng. toking into consideration the natural
evolution of the project, one must. bear in mind the sizeapi-
lity of the encrgy market that may become of it. A fair compari
son vis-a-vis Aratd yields the flpures of about 600N for
the commum charges. e.g., those non-choaracterized by electroli

tical processes of large consumption of energy.
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2.0 POWER AVAILABILITY UP TO END OF 1974

e T PT

2.1 SUPPLY T THE SOUTH OF THE CITY OF RECIFE., AT
- SUAPE'S INTEREST .

The power supply at the scufh of Municipal Recife 1s efiected
by CHESF through the Pirapama Substation , loceted at the
‘municipe of Cabo and at the load-center of the Industrial

District which was implanted in thatl area since 1961.

The Suape area , which 1is shown in filgure 2-1 , is located in
a region close to the City of Cabe , about 5 Km away from

CHESF's Substation at Plrapema .

2.1.1 POWER HETWORKS

The transmission system 1n the area is comprised by CHESF ang
CELPE's networks . CHESF's network ., cperating uwnder 230 RY .
is made up by a deuble circuit that feeds the Pirapema Sub
station through a shunt in the trunk-eircuit 1in the transmis-

sion , which existis between Angelim and Recife .

From the 220/69/13.,8 KV substetion at Pirapama . the CELPE's
network , operating under S KV and 13,8 KY , is fed by CHESF,
in these voltages .

CELPE's B0 RV network , which is created at Pirapama by
shunting , is interconnected to the 68 KV systems , which are
created at Pongl and Miruelira , through the Pirspama-Labo- Ju
garal-Jaboatao~Varzea and Pirapama-lahoatip-Varzpa circuiss ,

es showpn in Tigure 2-1 .

CELPE's 13.@ KV distribution netwerk , in the area ,is bached
up by CHESF's 69/13,8 KY substations at Pirapamae , and at

Cabo , of their own .



of thouprimdry feeders comprising the network . only one
sarvidus the multiple populational appregato existing in the
area where the Industrial Complex will be installed , same

ijs shown in fipure 2/I1 .

2.1.2 TRANSFORMER SUBSTATIONS

The transformifg capacity of 68/13.8 KV for supplying the
distribution network of CELPE in this area ., reaches
10,000 KVA at Pirepama and 5,000 KVA at Cabo .

The  single~wire diagrams of these two substations are shown
respectively in figures 2-111I and 2-IV where are indicated
the respective transforming capacities , the existing Teeders
of 69 KV and 13,8 KV . the available means of voltage contral

and eother details af these Iinstallations.

2.1.3 DEMANDS OBSERVED AT THE SUBSTATION

The maximum demand at the substation of Cabo is of 4,500 KW.
At Pirapama this maximum demand is of approximately 5,000 KW.
So , *here exists feeding availabiliiy of mere than 5,000 KW

at Pirapama , considering the present installations .
LY

2.;.4 POSSIBILITY OF ENLARGING THE SUBSTATIONHS

It 1s appropriate to note that both the Cabe substation and
the oene of Pirdpama can easily have their transforming capa
city of EQKIS.B RV enlarged by adding new units . At Pirapama,
the prg@éqt permits an increase of the capacity to 304500KVA
and at C§ﬂa te 10.000 KVA by the implanitation of an additional

transforming unit of 5,000 KVA already foreseen in the odginal

lay-out .



Z.é GENERATING CAPACITY OF THE CHESF SYSTEN

At the end of 1873 , CHESF system had an effective generat
ing capacity of 1,761,000 KW cpmprising :

~ Paulo Afonso I, I and III

{ 12 units ) 1,446,000 RV
~ Boa Esperanga 108.000 KW
~ Floating Thermal Plant

Salvador 121,000 KV
~ Hydro-Electric Plants and

Auxiliary Thermo-Electric BE,00C K¥

Out of this total , Boa Esperancga was not inter-connected

to CHESF System and only served the states of Piaui and Ma
ranhdoc . For this reason , the CHESF System , which served
other seven states , had a genereting capecity of 1,653,008 hw,

in 1873 .

Even fhouph Boa Esperenga started operation simultancosly
with the other plants of the system , there was not any no
ticeable increcse of this genérating capacity , inasmuch

as Boa Esperanga remained reserved to serve the areas of
Piaui and Maranhao on a priority basis . its share in other
areas being small and expressionleés . except in the region
Qf Sobral in Ceara ., which normally resorts to that power
;ourcg for the supply of its needs , as an alternative sup-

ply coming from Paulc Afonso

Sti1l) in the yeor 1974 the generating c

ity eveolved to
1,853,000 KW , by the addi c

responding

(44
b
4}
(o]

r
to the no. 13 generator of Paulo Afonso II plant

2.3 . SINGLE-WIRE PLAN OF PAULD AFONSO GENERATING
INSTALLATION .

The Paulo Afonso operation plan achieved the greatest

flexibii}f;fof maneuvers and intdr-connections early Qec.73,



when the new Paulo Afonso substation ( substation III )

started operating .

Indead , the referred substﬁtiun has three sectionable prin
cipal piers , enabling the inter-connection and any opera -
tional arrangement desired amonp the generating plants I .
II and III apd the distribution of lines of 230 KV which

serve Recife , Salvador and Fortaleza .

The simplified single-wire plan of these installations at
Paulo Afonso i3 presented on Figure 2-V . It can be observed
the great flexibility and greater dependabllity acguired by
CHESF System , by means of separation of generating blocks
corresponding to the generating plants of Paulo Afonso ,which
came Lo be Inter-connected at substation IIT as if they were
separated {Lens of kilometers , with total operatignal inter-
dependence . This independence results in a lesgser risk  of
pcecurring stoppage at the plants due to consecutive defects,
caused by the existence of inter-dependent 1links among

these ..

Another impurtanﬁ aspact which should be stressed is the
short-circuit capacity limitation that CHESF charge outflow
ﬁay have , in function of the flexibility of the generating
plants inter-connection and the line transmission of 230 KV
to the footings of substation III .With this availebility .
'thg CHESF charpge outflow may act in arder to maintain , at
any charge condition , the maximum level of 10 GVA in the
short-circuit capacity under 230 KV at Paulo Afcnso , conse
cuenily limiting the risks and damages due to circulation of

high short-circuit intensity current in the 230 KV System.

2.4. - 230 KV TRANSMISSION NETWORK OBETWEEN PAULD AFONSO
AND PIRAPAMA .

A suhgtgﬁt}ql_rainfurcemant was received by the CHEFS trans-



mission netwark to the Great Recife area , with the conclu-
sion- of the fourth 230 KV ( line I 4 ) between Paulo Afonso
and Angelim .

At present the network operales with four circwits between
Paulo Afonso and Angelim ( #1 , N2 , N3 , N4 ) and three
betwaen Angelim and Recife (N 1 , N2 . N3 ) ., From Angelim
two circuits at 230 KV fpollow to Campina Grande where a
transmission ring under 230 KV 1involving the connections to
the substations of Goianinha . Mirueirea . Recife and Pirapa
ma closes . This constitutes a substantial addition to the
capaclty and dependablility of inter-connection between Ange

1im and the area of Recife

The simplified single-wire plan shown on figure 2-vII .,re -

presents the situotion of the system up to the end aof 1474,

The simplified diegram shows the circuits already in opera
tion as well as the connectlons effected and the 220 KV

circuit-breakers of each circuit

The regulation of the 230 KV network between Goileninha, Mi
ruelra , Recife and Pirapama will be effected as from 1875
when the new Recife II substation of 500/230 KV starts
operating . At that sector of the system some circuits were
prépared in antecipation of connections , which will only
be ready when the Recife II substation starts operation and

is connécted to the network

2.5 ANALYSIS OF GENERATION AVAILABILITY IN 1574

At thig end of 1874 the CHESF System has generation availa-
bility of 1,893.000 KW , considering the installations fo
Paulo Afonse { plants I . II and IT ] the Salvador Thermal

Plant hnditﬁﬁlauxiliary tharmo and hydro-electric units .



The above installed capacity undergoes a reductionon when any
recess discharge , recess flood or high level flood occur &£t

pauvlo Afonso .

At Paulo Afonso the installed capacity at the three plants .
which is 1,685,000 KW ., may be reduced in proportion to the
discharges limitations of Sao Francisco River , at the time

of recess ( June- October of each year } . .More recent studies
of the operation of the Tres Marias reservoirs , following the
great 1971 drought , determined a minimum discharge of

1,000 m3/5 at Paulo Afonso , with & 98 % probability .

This minimum dischaerge , considering the daily regulating ef-
fect of the present edduction basin of Paulo Afonso , makes
possible thes operation of 1,280,000 KW at the three plants ,

which represents a reduction of about 24% over the instelled

capacity .

On the other hand , in the normel floods (with maximum dis -
charge up to 8.000 m3/ s ) , the servicing capacity of Paulo
Afonso may be reduced by the diminution of the falls as a
conseduence of the water level elevation &t the canyon gown

the Plant . However this efiect was greatly reduced with the
steps CHESF has taken when the bed of the canyon was straighten
ed , so that the point servicing cagacity at Paulo Afonso

during the flood period , only undergoes an insignificant

reduction { 5% )



7t 1s worth mentioning as an, important element that fTor
1975 CHESF foresces to start the filling of the Mocoto
reservolr , which will ﬁakn feasible to overcome the
problemﬁ of minimum and maximum dischargaes at Paulo A -

fonso .

The multi-weekly regulating oction , which Mocoto will
make possible , will allow theoeration of the full in-
stalled capocity of Paulo Afonse I , II and III even
during the drought with 1,000 m3/s of minimum discharge.

The available " pondage " ot Mocotd will guarantee about
17 weeks of operation , which period is longer than the
duration of minimum diccharge of Sao Francisce River .

Besides thaet , 1t will be possible to act with the Moco-
to embankment , in order to retain ., during the river's
flood seasons , a substantiel discharge at the daytime
period during the point of charge in the system . The
convenient operation at the lfocoto sluices will guar -
entec the passage of the flpud discharge to Paulo Afon-
so , after the point hours , when the lower charge of
the system at dawn hours , already admits the reducticn
of tha maxinum coepecity at Paulo Afanso , without damag
ing affects to the servicing of the CHESF network .

The evaluation of the consumer market growth of Horth-
east region made conjointly by CHESF , ELETROBRAS , and
State distribution companies has defined expressive re-
sults“w@en“it was concluded in 1872 . It is expected
that thé demand growth of the CHESF system , which has
kept an average value of 14% per year during the last
ten years , will evolve to about 138% for the period -
1872-1975, due to the great industrial boom manifested
in the region . In fact , these value have been confirm
ed by the rates observed in 18973 , when the maximum de-
nand of-thqjéHESF system grew in about 19% , in relaticn

te the values observed in 1872.



According Lo observations made in the course of
the January-September 1974 period , in respect
of Dow Quimica , SIBRA and COPENE , merked
growth in the respective commitment demand re -
quests with CHESF were defined . Undaubtedly as
the case descrlbes representative consumers of
tha Northeastern market , it may be admitted
that this will be able to aovercome the perssures
vwhich were made in 18972 and accgounts Tor a growth
.rate of 20% per year , approximately for the
1872-1975 period .

This high growth may alsc be visualized by means
of 2 month -by- month confrontation of the maxi-
mum demands in the period January-October 1873
and 1974 , when the growths fluctuated between
156% and 26% approximately . At any way . the
market forecast to 1874 admits a maximum demand
of 1420 MW to CHESF system and which must be
reached at the final period of the year (....
October-December }
I
A non-existance of the regularization that would result
from the Moxoto reservoir , the influence of the necessary
generating reserve and the occurence of yearly maximum
demand during the month of December ( time of the floods
at Paule Abnso ) make it possible to determine the power
balance for 1974 . It is proper toc note that in October ,
linit of the drought season in the Sao Franciscoe River s
the peak of-the system is of 98% of the yearly maximum
demand , reason why this condition was also verified at the

power balance .

Power Balance of the last quarter of 1974.

October -74 Dec-1973

1,390 1,420
.~ Pedk of the System(nW)

Lngﬁnk}aiing‘qabacity Instal-
f-ill_luq (M)

s o= T - -




At Paulo Afonso 1.5686 1,686

Thermal-Gas Plants 121(1) 121(1)
Auxiliar Plants 86 85

- Peak-servicing Capacity(MW)
At Paulo Afonso 1,280(2) 1,370(3)
Thermal-Gas Plants 100(A) 100(4)
Auxiliary Plants Bb6 86
Total 1,468 1,556

- Power Balance (1MW)
{ Balance or deficit) 76(5) 136(5)



:”H It was only considered the Floating Thermo-electric Plant at

Salvaduf'tﬂratu), since the Recife Plant is scheduled for late

1975 .

vaolue calculated for minimum discharge is 1.000 m3/s .

value celculated with a 5% reduction in- the 1instoelled capecity,
of which 1t was cnly deducted, the amount of 240 MW corresponging
to the preastest generating unit of the system.'which remains as

a reserve .

Calculated value ellows a unit at Salvador 21 MW Plant, under

maintenance . condition~

Balance corresponding to the cdifference between the totzl amount

and Lhe peak of the system .

It 1s observed that the aveilable belaence to attend the peak of
the system ecven with the genérazing reserve mede possible at Pau-
lo Afonso at the time of recess {(drought) end of 136 MY at the
flooding period .



2.8 ANALYSIS OF THE TRANSMISSION AVAILABILITY FOR THE
PIRAPAMA AREA IN 1974

Considering the single-wire simplified plan of the trans
mission network for the Recife and the Pirapama arca, the
analysis of the avallability of the transmission irom Pau

lo Afonso to that area will be effected in function af

the maximum capacity foreseen ﬁor the transmission circuits.

This meximum ceapacilty is function of the vulgage regula

tion admitted at {he network plenning and, 2s a consequence,
of the reactive suppiy which 1s obtainable with the compen-
satlen of the voltage regulation and with other condition-

ings of the transmission line itself.

For the 230KV circuits of CHESF, the normal condition is
attended with a voltage regulation egual to 10% .A higher
regulation 15 admitted under emergency conditions (15 to
20% ) due to the disconpection of a transmission circuit.
Such renpes of regulation are attainable due to the radial
nature of the CHESF system itself, with no large-sized

interconnections.

Tonsidering the compensation of reactives and the cherac-
teristics of the transmission lines, for the Recife plan-
ning system, CHESF laid down the following limits of maxi-

mum charge {for the distances involved:

RAXINUM CHARGES (MW) Iit EACH CIRCUIT

Tipe of 230 &V TL Normal

Nil, N2 or {13 1540
(1 x B36 MCHy

N4 (2xB3G MCH) 160



"tho installation of an industrial center coherent with the develop
ment of the North-Cast. -

Tha.5m311 transforming capacity of the iwo substaticons already
jopated in the area, and the scrvicing of.Pirapama made exclusively
by l1ine n® 1 , constitute a defficiency which 1s about to desep-
_pear as blanned bv CHFSF.



e

v

-gd on these maximum charges 1lndicated and considering charges

w betwecen Psulo Afonsoc and Recife ersa, simplifief plans of 2-

s%'h

HOES

1o
71 and 2-VIII can be prepared, which plans present the conditdons

tha area transmission system, in 1974.

As 1t 1s possible to observe, the power supply of

- Pirapama up to 50MW is assured both under normal
circumstances and in an emergency, this being istsb
lished when we consider circuit N4 disconnected ’
which 1s the most wnlikely defect ot the system tram

mission.

However, it is observed that Pirapama supply, such as
it i1s foreseen at present, becomes dependent on Recife

supply by the trunk-axis Angelim-Recife (H1).

Analysing this trunk-axis focusing the Pirapame supply,
and taﬁing into aeceunt the normal limit of the maximum
transmissiaon chage (1500W]) and keeping the same &0OMW for
Recife, 90MW will be left, which may be destined to Pira
pama, which corresponds to an expressive increases to the

present chage. . . -

This being the cass, a transmission reserve will become
assured by means of circuits N2 and N3, through Recife
{substation of Bongi), with the consequent inversion of

the charge flow .

This situation will be kept until the new Great Recife
area supply pian starts operotion, based on the inter-
connection of Recife IX substation 500/230KV to the net

work.

The anaiysis of the power availabllity up te the egnd of
1974 served to make apparent. some insufflicient resgurces

to be conquered in the sector, in order to make feasible
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3.0 STURY O THE CONSUMER MARKET

The Basic Economic Studies define the feasibility and the stature
poth initial and future of the different types of consumers fore-
cast to be established In the Industrial Complex of Suape as from

11980, constituting a ploneer nucleus.

Tne specif power consumer market starts in this why te get form ,

ﬁcnsisting aof

- 041 Destillery

- '*Clinquer’’ {1111
- Fertilizer Complex
- Aliminugm Plaht

- Port Facillities

- Urban-ﬂruas,

@asgd on the figures utilized for the industrial projection growth,

‘was defined the power consumer market evoloution until 1945,
As a rasuylt of the big sized industries which could pe instaliesd

at suape, the CHSF system availabilities until 1885 were egually

evaluated. -




3.1 INITIAL CHARGES EVALUATION

The maxfhum initial! demands . appearing on Schedule 3.1
ware cevaluated with bnsis pn the data contained at

Basic Economic Studies or taken from similar installa-
tions , the charpge factoars belng defined acgarding each

type of consumer .

In the case of the oil destilleries ., however , the an-

nual charge factors , from the point of view of the power
scquired from tho concessionoire , may present e%tremely
lew values, , since they are much mere influenced by the
process techpology and by the dependability af the power

supply than by the regime of wark and kind af consumer.

The consideration of these elements , as well as the cha
racteristiecs of serving by CHESF , allow to astimate 4in
60% tha share of energy to bhe acquired and in 50% the

charge fTactor of the refinery of the complex



3.2 - MARKET EVOLUTION

Tha evoluticn of the eléctric powar consumer markoat at
the Industrieal Complex of'Suapu . due to its characte
ristics , was evaluoted ,whenever possible , in function
of the growth defined at the Basic Economiec Studies, for
cach type of industry to be implanted there

3.2.1 OIL DESTILLERY

The beginniﬁg of the oill destillery projected is schedul
cd to stert operaetion in 1980 . Its deily capacity of

126,000 barrels will consume about 260,000 MWh/year. Out
of this energy 1t 1is expected that 180,000 MWh/year will
be acquired , the rest revudining ascribable to the gena-

rating process itself .

L]

SCHEDULE 3/1

" MAXIMUM YEARLY DEMANDS

CONSUMER ACQUIRED POWER CHARGE FACTPR MAXIMUM
(MWh/yearl - % { DEMAND(MW)

011 Destillery 160, 000 50 35,00
Clinquer Mi11 94,000 85 12,80
‘Fertilizer Complex 13,400 60 2.50
Aluminium Factory 3,500,000 8D 514,00
Port Fecilities

Colcctiué Pore q00 ' 28 0.40

Cil Terminal 5,300 44 1,38

lrban Area 3,500 50 g.80

F—

Initial Year : 1980

The refining ~ capacity of North-east in the 1875-1330 five-year

Feniod_must_g;cy at a yearly rate of 8% , approximetely .reach-



ing & slightly higher value than the foreseen demand .

It may then be admitted that at least the same rate of
g% be kept in the 1838B0-1885% periecd , so raising the
0il refining capacity to about 200,000 BLOO .

g1l destilleries of this size acguire an average of

250,000 MWh/year under a demoand of 80 MW approximately.

*

3.2.2 . CLINQUER MILL

This is on assembly destined to the grinding of ensilage

and shipment of cement in bulk .

AL the 1880-1305 periosd the programmed installatiocns will
have & capacity to move 2 million tons /yeor of cement ,
send must double this capaocity at the 1985-1888 five-year

term .

The confrontation of facilities like capacity moves fea-
sible the evaluation of the initial consumption end the
demands and their respeoctive evolution as well as can be

seen hereunder

1980-1984 1885
Consumption ( MWh/year ) 94,000 185,000
Demand (MW) 12 24

3.2.3 COMPLEX OF FERTILILIZERS

According to information deriving from economic studies,
the production of the cemplex of Tertilizers , in 1its va
ricus stages , is expected toc develap in the foellowing

way :



Production t/vyear

Phase Period Phase Accumulated
1st 80-83 215,000 215,000
2nd 84-85 oo, 000 515,000
3rd beyond 1887 486,000 1,001,000

The unit power consumption s Iin the vicinity of 82 KWh/ton
of fertilizer , which untails an overall consumption
close to 13,400 KWh/year at the first phase and 32,100

-

KWh/year at the second . This accrued growth of 13,3
must occur in the 1980-1386 period ; if the same growth
is kept in the 80-85 period , the consumption and the

gemand of power must evolve as indicated at the table beg

Tow
Consumptlion
Periad MHh/ vear Demand
1980/ 83 13.400 2,5
1984/ 85 28,380 5.4
"3.2.4 ALUMINUY PLAKT

The 1nstallation of a producing unit is envisaged, mak-
ing 200,000 tons/year of aluminum . obtainable through
alumina .

The above total producing capacity , which comprises
bcth'prihary and sesondary production , 1s expected to
reach an annual growth of 9% during the 1980-1985 five -

year peried..

Should such forecast be confirmed ., the aluminum produc-
tion will reach in 1285 the 310,000 t figure , with a

M



corresponding increasae in the anpual consumption of alpc-
tric power of 5,600,000 MWh ,for an approximate maximum
demand of BDD MW . ’

3.2.5 PORT FACILITIES

The Suape port turnover will be attainable with the use

of several private terminals and a collective Port .,

The privates ones ., totalllng 4 in 1980 . will be meade
avallable to Petrobrds Distillery . Clinquer M1l1l , fer
tilizers Complex and the Aluminum Plant . Through the
three latter there must be a 5,701 x 103 tons/year turn
over in 1885 , lacking in miner demand and for this very
reason already considered at the charges ﬁi-the respec-

{ive uvusers .

Should the same consideration also prevail in connection
wifh the Distillery Mill it would be necessary to launch
2 10 Km long private feeder from the Distillery's sub-
station passing accros a reglon which gives hopeful ex -
pectations to the appearance of new consumers . It would
seem , therefore , more sensible to lock at the terminal
as an independent Distillery consumer and power it from
the network distribution .

It is ferecast for 18980 the turnover ef 11,245 x 103 tons/
year thfough the terminal , which will consist aof crude
011 ahd derivatives . Comparing similar facilitles it

is acceptable to admit a 5,300 MWh under a 1.38 MW demand.
For 1885 -1t 4is foreseen a reduction in the port turnover,
which must be around 11,182 x 1D3 tonss/year , thae oower
consumhtion and demand molntaining values around 5.240 fMWh
and 1,36-MW , respectively .

Through ‘the collective port will pass 1814 x 103 ton /year
in légqudq5325$ X 103 ton /year in 1985 . Comparing these

dats with . the ones referring to Guanabara state port, it



has heaen passible to estimate 1in 900 MWh the 1880 con-
sumption and in 1600 MWh for 1985 , and calculate for

maximum demands 0.4 and 0.7 MW , respectively

3.2.6 URBAN AREA

The consumer market at the urban area ., as a result of
the implantation of the Complex , covering the residen-
tial and commerclal classes , public consumption , rural
and public lighting was analysed with basis on studies
physical and territorial planning ., and with basis on
publications by the Ministry of Mines and Energy -Market
and Epnergy Studies far the fHortheast area . 1370-1985 pe
riod ., Volumes I and II , June 1872 publication - which

focuses the Recife area .

Iin this way , employing the data evailaeble from dififerent
topics of interest . consumption and demand appearing on

table 3.2 wers aveluated
3.2.7 SYNTHESIS OF MARKET EVOLUTIOfN

Table 3.3 presents the synthesis of the power consumer pg
ricd , showing a cumulative growth of 8% per year approx-

imately .

It should be remarked that the study of this market grewth
in the Svape Industrial Complex ., has been practically lim

ited to the enterprises listed on the Size Indicators.

However . 1t 1is expecied thaot many cither enterprises widh
different features and sizes will be installed in the region
atiracted by tha high rate growth of the i{lortheastern Econ-

omy

Taking into account that there exists a certain Industrial

Nucleus at: the location called Cobo , where CHESF and CELPE

™

Cx



olready have substations, it 1s admissible to conclude

that these ventures will be

tatiaons

situated near these subs -

. contributing to the growth of the consumer

market located outslde of the Complex area.

TABLE 3/2

URBAN CONSUMER

MARKET

Agpregate Consumption

Annuel Aggregate con -
Year { Humber of Residentiall sumption ( MWh )
consumers Per residential
consumer Total
1980 566 3.12 1,786
1985 1,434 3.60 5,162
Camping Consumption
Year Number of Inhabitants. Annual Consymption(tiih]
- Fer nhapitant,] 1otel
1989 7,500 .25 1,675
1885 7.000 .29 2,038
Maximum Annual Demand
Year .| Global Consumption(MWhl | Charge Factor(%) ?92i2?
1580 3,641 50 .8
l1ggs 7,182 g 1.5

27
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TABLE 3/3

DEVELODPMENT OF THE POWER CONSUMER MARKET

CQONSUMER

1 88 0

1 89885

Yearly con-

sumption{Mih}

Maximum

Yeorly con

Maximum

Demand [MW) [sumption{MWhl | Demand (itW)

0il Distillery 160.000 ig.oe 250,000 50.00
Clinquer fi1l 94,000 12.00 © 188,000 24.00
Fertilizer Complex 13,400 2.50 28,300 9.40
Aluminum Plant 3,602,000 514,00 5,600,000 800,00
Port Facilitiss

Collective Port 900 C.40 1.500 .70
0il Terminal 5,300 1,38 5,240 1.35
Urban Arsa =~ 3,500 0.80 7.200 1.50

TOTAL

3,877,200

6,080,340
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4.8 POWER AVAILABILITY IN 1975 - 1977
TRIENNIAQ
4.1 GENERATING CAPACITY OF CHESF SYSTEM 1IN

THE TRIEHNHIAL .
in the period from 1875 to 1977 , CHESF electric system
will be greatly enlarged to serve the tremendous charges

slready foressen Tor the Hertheast region

So.,at the end of 1875 the operation of Recife's thermo-
cglectric plant must be considered,which will alleviate the

transmission system with its 150 Kw capacity .

still in the generction line there will be completed instal
lation of four 110 MV generatipng units at roxotd , increas-
ing by 440 KW the eavailability of Paulo Afonso - Moxoiod Hydro
Electric Complex .

Besides that ., for 1977 it is forecast the conclusion of the
Gobredinho dam ., which will make possible the regulation of
the S3o Francisco River , in order tag assure 2,200 n>/s of

minimum outflow for tep utilization of hydro-electric down=

streanm .

The works of the initial phase of the construction works of
Poulo Afonso IV Plant , will also be under completion ,
whose first 375 MW unit must start operatibn in the course
of 1978 . ’

Therafore , installed CHESF gengratinp capacity in MVs

will develop as indicated below

b LA N T 1975 1878 1877
Paulo Afonso I, IT and III ...... 1§66 1686 1580
MOXOES  cvvevuueennnn RO e - 340 440
Aratu and gﬁciéetfnermnlx ceenae. 271 271 271
L B R -1 85 86

TOTAL ;o T 2043 2483 2483



Hf

considering the necessary generating reserves, the availlenle

capacity in MWS, for peak servicing must be:

PLANTS 1975 1976 1977
paulo Afonso I,II,ITIIL 1446 1446 1448
Moxoto - 440 440
Aratu and Recifelthermall 220 220 220
Auxiliary : 86 86 __86
TOTAL 1752 2192 2192

This available capaclty for pesk sz2rvicingin the paricd ,
wheo o com pared with the charges foreseen in the WNerth-

eastern Market , will present the following balance:

1875 1576 1977
- Peak of CHESF System (M{).......... 1630 1958 2347
( 1972 forecast gorrected]
- Generating capacity to attend
the peak of CHESF system (FMW).,...1752 2192 2182
- Balance ¢ L1 D R cerenasaeas 122 236 {155)

Only in the VYear 1875 and 1976 will materialize the pos-
sible disposability of balances which could be utilized <o
serve the complex, i+ CHESF had not a already made com-

mitments for demend reserves reguested by several of its

aonsumners.

Besiacqy.;p_ohght to be stressed that that a 155 MY defict ,

Probéﬁlfloécﬁ}ing in 1877, will restrain still more the pos-



. 4t

sibility to attend the Lomplex within the 1975-1877
5-

triennial.



y2

4.2 TRANSMISSION CAPACITY

In the transmission of power to the Great Recife Area,
stands out the implantation of the e<tra-high voltage,
under 500KV, between Paulo Afonso and the new 500/230
KV substatlon, denominated Recife II and located in the
vicinity of Jabotao. The follawing new circuits will be

put into operation in the area:

For 1875

5680 KY TL Paulo Afonso-Anpelim-Recife IT(NS)
- 230 XV TL Recife II-Varzealdouble Circuit)

- 230 KY TL Recife Il-Parepema Shunting

[double Circuit)
- 230 KV TL Recifte II - Pdu Ferro

- 230 KV TL Pau-ferro- HMirueiral{doutle Circult)

For 1976 - 500 %WV TL Paulo Afonso-Angelim- Recife Il (46)

For the EAT sysiem under 500 KV to be put into operation,

it will be necessaery to build in 1876 the Paulo Afonso end
the Angelim sectioner

-

In Recife 1I, already since 1875 will be operating the 230
KV definitive yard, through which , in 1877 the 500/230 KV-

1200 MVA transformer will hecome inter-connected to the
existing system. At the Pirapama substation in the course

af 18978, cthe system will count with a 200 MYA capacity.tp
trensform 230/59 KV.

Starting in 1875, the tharmo-electric Recife plent will be

made avallable to ecmergency subistitution, ils capacity being



-

pquivalent to the maximum normal change of one of the

M1, N2 or N2 transmission circuits .

Besides, Lthe operotion along the area charges, will alleviate
the transmission system even 1f circuit N4, which has the
gredtest capacity, 15 disconnected the single-wire transmis-
sion system plans to the area, corresponding to 1876-1977,

are represented In figures 41 and 4-11 , respectively.

CHESF tranemission system as soon as Recife I1, foreseen for

1877 is cquipped to supply up to 1.500/#%W 2nd can be enlarged
under 50 KV to ettend much greater demands, through adequate
ceries compensation and /or the installation of new circuits

srgm Paulo Afonso te the area.
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5.0 POWER AVAILABILITY IN THE
1878-1585 PERIOD,



5.0 POWER AVAILABILITY IN 1978-1885 PERIOD

5.1 Generating Capacity

As indicaled precicusly it is expected that the demand
growth of CHESF system will reach 20% per year in the
great inductrial developrment occuring in the region ,
it is aodmicsible Lo cvonsider an accumulative growth of
approximately 16% ta the 78-85 period.

Shuuyéthis-occur, the demand in the system mey gevelop

from 2347 MW Lo 7700 MY

In Lthe planning for the enlargement of the CRESF zystem
within the 1878-1800 triennial, {ts is foreseen the cons
trecetion of the first stage of each aone of the FPsaulo
Afonso IV and Sohradinho, comprising respectively 373#d

generateors and 4 175 MW gencrators.

In this way, the effeclive installed genereting cepacity
of CHESF will increase to 5433 MW at the and of 1380.
And, keeping the usual genersting reserves, the availeble

ctapacity for peak servicing sheculd be arcund 5.000 4.

In the 1881-1585 period, the available generating capacity

must evolve at a cumulative average yearly rate of 9% in

order to mpet the grouwing demend, all according to forecasi

now available.

Such a requirement is consistent with the pouwer disposahility
at CHESF concession Worhks., The plants currently cnder ex -
ploitation wrere olreadymentioned here , as well as those ear-
marked to onter into operation wntil 1980. Qther eskplaoits

should be mentiloned which may st£ill be utiliczed



sohradinhe {2 nd stage) 350 MW
Ibo 440 MW
Orocd ' 44D MW
itaparica 1.400
Paulo Afonsa IV (2nd Stage) 2.250 Mu
Xingo . 1.100 Mu

pac de Agucar 400 MW

It should be stressaed that these values werc estimated

and e@llow for a low charge factor.

5. 2 Transmissian Availability

Cach S500KY transmission line of CHESF system cen supply,
normally and without series compoansation instelstion,
about G600 KY betweon Paulo. Afonso end Recife I1. Under
gmargency circumstaneces it may be supplied up to &l M
for oneg of thae 300KV circuits, In this way , the firm
trancsmission cepacity from Paulo Afonso to Recifell sme

reaches about 1.S500MY.

Between Recife I1 and Pirapaema the 230V =zesat will have a
firm trapsmission cepacity of 100MW, which capeacity meay
be enlarged with the construction of new 250KV ecircuics
in this stretch.

4
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5.0 | POWER SUPPLY ) C;'O

The snalysis of the consumer market ., resdlting from the
implentation of the enterprises , which 1s now possible to
ﬁredict . indicate that the charges expected for the Alumi
num Plant and for the 01l Pistillery must reach ., respectd
uel§ ., about 514 MW and 35 MW in 1980 , developing to BOOMW
and BOMW in 1985 , as shown on Table 3/3 .

pepending on the respectivo separation of the supply source
and on their charges amounts , the consumers may be connect
ed in different voltages . So , those having chaerge over
50M¥ may be connected with 230 KV , the consumers whose
charges are situated between 3 and 50 MW may be conngcted
with 59KV ,leaving for the consumers with the lowest charges
tha 13,8 KVY supply . In the ease of the Dil Distlillery the
initial demand would make possible to attend with £2 KV ,
changing to 230 KV anly 4in 1985 . For economle reasons it
wa; proferred to feed the 011 Distillery in 230 KV slready
in 1880 .

230, 68 end 13.8 KV tensions are availeble 2t Plrapama subs
gation loceted few kilometers away from Recife II substation.
The small distance hetween them permits a steady transmission
of 180 MY per 230 V per circuit . This weould make possible

to attend adequately the growing charges at SUAPE area ,
}hrouéh Pirapama , should this substation have an area large
enough to permit it to expand until attaein conditiens of

at lzsast , become compatible with the purt‘demand Torecast
for 1980 ., However , Pirapama substation does not offer

such an expansion possibiliity .

That being the case , a new 230/683/121 KV transformation
fed byiﬁééifg_llr, has to be implanted ; Pirapema may be
utilizéd’as a support to attend charges to be 1Installed in
fts vicinity - Basides that , the construction of a 230KV
tie 1nturconnncting Pivanama tu SUAPF substation , will pro

vido an uxchangn uf regourCEf bothuen them .~



Therefore , the complex attendance plan , to be in & con
dition to keep up with the svolution of the charges in
the 1980~19085 period , 1s expectedto comprehend CHESF 230KV
notwork enlargement and the installation of a new 230/835/
13.8 KV substation at SUAPE , in the interior of the
grea covered by the COMPLEX .,

Figure 6-1 and 6-II show: single-wire simplified diagrams
referring to 1980 and 1985 , respectively .

The new subsitation ., whose situation appears on Annex no.l
is expected to be fed by two twin conductors circuits (

2x B36 MCM) , with o capacity to attend the evolution of
the demand forecast to occur at the 13880-1885 period .

At the start of the period , 'that is , in 1980 , when Pji
rapama 5ubstatiop will be able to have transforming cape
city of 200 MVA , 1t may still be fed by just one of the
two circuits , with the other reserved to attend an emer
rency . Should one of the feeding clrcuits of SUAFPE sub-
station fail , the remaining clircuit will be in a pondi-
tion to carry 500MW , which represents about 90% of the
requested charge ; through the " tle " Pirapama may con
tibute with the remaining 40 MW , privided its two circuit
.are in operatdn

In 1985 , 850 MW cherges at SUAPE substation and 300 MW
ot Pirapema substation are foreseen . At the latter 1t {is
impossible to attend the charge sheouvld one of tha feading

gircuits Tail .

The launching of a third feeding circuit for the PE sub -
station , frem Recife II . evan in a slngle 636 MCH con -

dutors ) at SUAPE substation in the case of the loss of

.‘1l¢



one of the two feedinpg circutta st Pirapema .

Should one of SUAPE feeding circytts be at fault besides
the anas transportable by tha rengtning fesder , 1t will
have 230 MV through the third ¢circutt » of 8 single con-
ductar , caming fram Recife I1 ang 120 NV from Pilrepems
through the ® tie " totalliny aroung B850 MW . However

it is gquite probable that the power consumer market in
1886 , due to its characterf{ctica , will meke economical
ly feasible the launching of s tniro circuit also with

§36 MCA twin conductors.

Starting in 1985 , 1t is estirstev t+at the Fertilizer
Complex demand will reach 5.4 “n , reoning it possible

to qerate at 69 KV .

The Ffertilizer Complex situasirn . lccated at an area
available specially to the mediv~ ~ireo industries , Jus
tifies the launching of 68 <% l:ine , uven if it ' starts
its operation attending only tve 0.0 “d Fartilize; de-

mand, forecast for 1980 .

‘

Depending on the development ¢f f«ture charges

» the
dependability of the supply = - * ~ =v"station may also
be improved-, by means of ft=s "terisoncction with the

60 KV bus~ bar of SUAPE su® =te*: 7 .
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7.0 SUBSTATION

7.1 GENERALITIES

The substation purpose 1is to attend SUAPE INDUSTRIAL
COMPLEX and the increase df the demand in the area.
Tt 15 to be installed &%t & trect with the approximate
arga of 223 m % 125 m , located as shown on Drawing

Annex 1
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2

PRINCIPAL CHARACTERISTICS

Voltage : 230-69-13.8 KV

Frequency: B0 Hz

Transforming Capacity

(3
-

230/68KV-50MVA, LII/VF/VF,
B9/13.8KV - 5 MVA .,



7.3 FEEDING CIRCUIT AND FEEDERS

The substation will be fed by five 230 KV circuits ,
which will interconnect 1t to Recife I1 and Pirapama
substations . Also at 230 KV , it will have 4 feeders
to Aluminum Plant , 1 to the D1l Distillery and 1 will

be kept as a spare .

At 62 KV tensian , two feeders will come out , one to
the Clinquer Mill and another to the Fertilizer Complex:

thérc will s1s0 be an allowance for: a spare .

The transformar of auxiliary services, reactors and
capacitors banks , as well as seven Teeders to the locel
distribution will be connected to the 13.8 KV bus-beéer .
Two of these feeders will beo utilized in the attendance

of 18980 charges .

The reactors , connected to the tertiary of the maln treans
former , will consist of capacitors bank and reector ., the
powers of which were estimated 4in function of simillarparts
installatiens . Its perfect definition will denend aon de-
tails studies of EHESF system .



7.4 TRANSFORMERS

The pawar transformer will be of the three-phase type.
g0 Hz . LN/VF/VF - 230/XVv /13.8 RV , five-poeint-earth

connecltion with under-charge voltage commutation .

The 60 KV system must be connectad to the ground by
means of an earthing transformer , zig-zig . with TC

in all bushusr.

The auxiliary_services will be attended by a three -
phase transformer , with 13.800/220V tensions , trian-

gle - star connection , with asteadily earthed neuter.



7.5 CIRCUIT BREAKERS

230 V circuit breaker , to?alling thirteen , will.hava
a SF6, 1,600 V , 10GVA interrupting cepacity .

Thoe six BI9KV circuit breakers will have an oil-reduced
volume at 1200 A , with a 2.5 GVA -~

-

The nine 19 KV circuit breskers , making part of the
armoured cabinets , will be magnétic blow ogperated , at
1200 A , with o 500 MVA interrupting capacity .The VCR
fnterrupting keys and the circult breaker connected to
the reactive Bus-bar will similerly be of 15 KV. The
cgpacitor bases will be protected by o0il keys , VCR 300A
20 KA interupting éapacity . The reactor protetion will}
be attended by & magnetic blow ;perated circuit breaker,
to be installed in the out-doors ., 1,200A with a S00MVA
interrupting capacity

The protection system of the substation is shown on draw

ing Annex 2 .



7.6 DRAWINGS

The drawings making up this substation pre-planning

consist of the followlng

- Arca Location
- Basic Single-Wire Oiagrem
- External Equipment Arrangement - Blueprint

- External Equipment Arrangement - Details
{ RA,BB,FF )

-~ External Eguipment Arrangment - Detalls CC
{ DD and EE ]



7.7 ESTIMATED BUDGET

The overall cost of the substation , which also comprise
workmanship , and fringe benifits , was estimated 1in
Cr$33,011,256.00 distributed as indicated below

Equipment 4 % & & & & & 0 8 0 8 F g K P @SR Ag sy s Crszu'szs,znolog

Poles and concrete beams .........00... Cr$ 772,540.00
Insulators and conduclors ...... sevssseas Crs 713,518,000
Sundries .. c0ce SR e b s et et s e s .., Crs$l0,800,600.00

Details of the astimete are given hereafter .,
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8. 230 KV TRANSMISSION LINE

8.1 OBJECTIVE

The objoective of the present study refers to.the projact
for the implentation of trsansmission lines necessary

to the power transport avalleble at the SE bus-bar of
Recifes Il to the bus-ber of SUAPE's SE , 1in the state

of Pernembuco



PRINCIPAL CHARACTERISTICS

a) Number of circults : see {item B.1.3-a

b} Lenght of lines : estimated in 50 Km

c)} Estimated maximum power to be transmitted:
In 1980- 540 MW

In 1985~ 850 MW

d} Vaoltege available at Recife II , SE bus-
bar - 230 KV

el Conductor cable : see item B.1.3- b

f} Structure types : see item 6.1.3 - C

g£) Working life period of the lives : 20 years
h) Charge Power Factor : 0.85 inductiqe

1) Frequency : B0 Hz



8.3 CONSIDERATIONS

The following considerations wilill be established . first
of a8ll:

g} Humber of circuits : Two hypothesis will be under study:
Hypothesis 1 - Utilization of 2 single-wire double threg
phase circuits .
Hypothesis 2 - Utilization of 2 twin wire [ duplex]) single
three -~ phase circuits . .
) Conductor cable : The aluminum conductor with steel bore
{#C~ SR) G36 NMCM 1is the minimum pgange fixed by CHESF for con
sumers transmission lives at 230 KV,same helng alspo the most
utilized conductor in its line for this voltege . This study
will start at thils gange .

¢) Structures : In accerdance with the 4th Expansien Plan
of CHESF the following conditions will be fixed :
l1- For the three-phase lines of double circuits with single
cables: utilization of metellic structures { vertical

errangement )

2~ For three-phase lines of single circuits with twin ca
ble : wutilizatlon of concrete structure ( horXkontal
arrangement J.

Consequently the present work will consider hypothesis 1 as

having two double three-phese circuits , fixed in metallic

structures and hypothesis 2 as two singla threé—phase cir-

evits of twin ( dupleé) cables , fixed in structures of rein

forced concrete . .



w

8.4 ELECTRICAL CALCULATION
8.4.1 TNTRODUCTION

For the Ltwo hypothesls established in the preceeding item,
various working conditions will be developped for the trans
fission linas , taking into consideration the Powers (540MW
in 1980 and B850MW in 1985 ) .'as well as the conductor ca -
bles , where tho 636 MCM - 26/7 will be considered as the
{deal one , since same is largely utilized by CHESF

§.4.2 STUBTES CONDITION

The following conditions will be studied feor hypothesis 1
and 2 1t
a) Hypothesis 1 :

Condition 1 ; Utilizationcf two double cir
cuits with B36,MCM - 26/7 cao
ble , for the power estimated
far 1280 , operating with a' .
double circuit , the fourth
line being out of work , al -
ready due to defect , mein -
tenance or non-launching of
the conductor ceble .

Condition 2 : Utilization of just one double
circuit , with B36-2868/7 cable,
for the power foreseen {for 15E0:
the second double circuit being
out of operation , or for not
being constructed , elther for

defect/malntenance .



Condition 3 : Utilization of two double cir-
' o ,cuits , with 636 MCM -26/7cable
for the power foreseen in 18989,
the four lines beiny in opera -

tion .

fondition 4 : Utilization of two double cir -
cuits , with 795 MCM -2B/7 caeble
for the powe: fnreseen in 1880 ,
operating & double circuit and
Just one of the lines of the se-
cond double circuit , the Ffourth
circuit being out of operation,
cither for defect, or maintenance
oer non-launching of the conduct-

ing cable .

Condition 5 : Utilization of two double circuits,
with 785 MCM -26/7 cable , for the
power forescen to 1885 , the four

lines being 1in operation .

Condition & : Utilization of just one double cir-
cult , with 785 MCH 26/7 cable ,for
the power fToreseen for 1880, the sg

. cond double circuit being out of
operation , eithér for non-construc-

tion , or defect on maintenance .

Cenditian 7 : Utilizatiaon of two double circutts ,
with 785 MCM_26/7 cable , for the

. . power foreseen to 1885 , with a dou
ble circuit and just cne of the 1%

nes of the second double circuits ,
the fourth iine being out of opera-
tion , either by defect or mainte -

nence .

b} Hvpolhesis 2:
Conditien 1 : Utilization of two siégle circouits,
wiilth two &36 MCM -26/7 cables per
phase , fer the power foreseen te

1980 , both lines being in operation.



Condition 2 : Utilization of two single cir-

Condition 3

cults , with two 636 MCM 26/7

‘cables per phase , for the pow

er foreseen to 1880 , cne of

thase circuits being ocut of o-
peration , either by non-cons-
trucion or defect or maintenan

ca .

Utilization of two double cir-
cuits , with 636 MCH -26/7 ca-
ble for the power foreseen to

1985 , both lines being in ope
rdtion .

B.4.3 RESULTS OF THE OPERATION

For the conditions of operation mentioned above , the Tel
lowing value
o) rypothesis 1}
Conditions 1 2 3 4 5 8 7
. g 5 , a7

Voltage drop (%) B,866]11,34 ‘5159 68,75 10,64} B,15{10.,8
Assemby Loss (%) .60l 7.20|10,84|5,22 | 2,684 8,52 8,73
fugrent per Conductor l,q5 ql777,2|597,3]502,5[771,5) 582,37 815.0
Tgmperature‘Eleuation 409

~

-

18% 52°¢ 27¢ 13°¢ 36° z20°

b} Hypothesis 2

Condition 1 2 3
Voltage drop (%) 5,13 | 8,88 6,58
Regulation ‘(%) 5,40 9,42 7.05
Assemby Loss (%) - 6,20 3.3 5,00
Current per Conductor(Al 36555  |-744.7 374.3
Igmpernfuré Elevation®C 1a¢ .so°¥ 23°¢



The ACSR 636 NCM cable utilization, 26/7 formation as

conducior. in the case of utilizing Lwo double circulits
i1n matallic structures 1is not convenient, (see table-
hyputhesis 1, conditien 3) , since for thcppower forese-~
gn to 1985, there would be & loss of 10.84%, which value

is considered excessive.

in view of the foregoing.., conditions 1, 2 and 3 for hypoth
gis 1, utilizing as conductor the cable ACR 795 MCH 26/1,

are perfeclly acceptable, since:

-In 1980 a double circuil be in condition to operate and the
other., having at Iéast one of its lines operatinglcondition

4 of hypothesis 1).

-In 1985 both double circuits be In operation (conditionb
of hypothesis 1).

It-1s convenlent, however, shotild hypothesis 1, be adopted,
that in 1980 the four lines are already in operation,because
Lthe cost increase would be only that of the conductor and
the respective launching , In compensation, in the 1880-

1885 period there would be four lines as reserve.

The analysis of the aperation lines, in accordance with
condition 5, shows that, ip case one of the double circuits
is not constructed for the power foreseen for 1980, or in
case both are construted, but ona of these be out of oper-
atlion for defect, the conditions will not he very satista-
ctory, as the dmop tension values, regulation and tempetature

slevation of the conductor cables, may be considerably high.

The results obtained in the study of the operaticn of condi-
tionr?7, that is , one of the lines out of operation for the
power foreseon for 1985, show that this condition is nol fea-
sible in permanent repgime, since through the three 1line at

work, the values of drop voltage, regulation and temperature



elevation would be too high,

The operation conditions of hypothesis 2, utilizing as conductor
cable ACR 636 - MCM- 26/7 are perfectly feasible for the

powers forecast for 1980 and 1985 ( condilions 1 and 3 ) .

The study made for condition 2 of hypothesis 2, shows that it

would not be possible to supply the power required for 1980

in normal regime, through just one of the circuits,

—



6.5, ECONDMICAL CALCULATION FOR THE CONDUCTOR

8.5.1 INTRODUCTION

The economical sscertainment of the conductor cable will
be davelopdin such a way a5 to present a comparative stu-
dy . having in mind the better determination of-the varia

tions that occur.

Since the conductor established at electrical studies for
hypothesis 1 was the 795 MCM 26/7 , a comparatiée study
between this one and the 945 MCH -54/7 will be developed
while for hypothesis 2 , conducters 636 MCM -26/7 ,7495
MCHM - 268/7 and 854 1CM - 54/7 will be confronted .

0.5.2 ANNUAL COST OF THE CABLE

The cost of the kilogram a conductor will be considered
s equal to Cr$9.00 and the devaluation rate of 12.5 %
per annum will be adopted , which will yield the follow-

ing situation

_ Yearly Cost of the Cable
Conductor
Hypothesis 1 Hipothesis 2
636 : - - 876,825.00
795 1.,086,200.00 1.0956,2048.00
954 1,232,5850.00 | 1,232,550.00
3.5.? YEARLY CODST OF THE CABLE PER JOULE EFFECT

Calculations will be made for maximum power in 1985 , with
&8 loss factor equal tb 53% ., whiéh will derive froam the
chargpe Tactor i 70% ) and the price in KWh equal to .....
Crio.po3 . giving the following situstion



———

-Yearly cost of Joule 1loss

Conductor
Hypothesis 1 Hypothesis 2
636 - 4,210,396.00
795 . - 1,674,471.00 3,353,575.00
954 1,400,376.00 2,000,768.00

In view of the utilizotion of four circuits 1in hypothesis
1, &nd two circuits in hypothesis 2 , the final result

ing table may be presented

Conductor Total yearly cost
Hypothesis 1 Hypothesis 2
636 - 9,287,617 .00
795 7.794,084.00 7.,803,350.00
854 6,834,054.00 5,834,126.00

In view of the foregoing , it 1is concluded that :

- In case of hypaothesis 1 , the increase of 12.32 %

N

.in the yearly cost of the conductor , compared with
the increase of 11.06 % in the weight of the conductor
per kilometer , inasmuch as the increase of the con -
ductor entails an increase of streés to the struvcture,

. Increase of efforts to the bundation and the increase
in the numbers ot structures per kilometer , Justi -

fies the cholce of ACSR 795 MCM - 26/7 cable .

= In case of hypothesis Z , the increase of 26,5 in the
annital cost of the conductor as compared qith the
éB.BE increase in the conductar cable weight per kilo
moter , in view of all incovenlences presented previcus

ly ; justifies the cholce of ACSR B36 MCM - 25/7 cabla »



8.6 STRUCTURE PATTERNS

B8.6.1 INTRODUCTION

On the occasion of the excution of the project of trans-
mission lina , the structural design must be effected
comprehending the study of several structure alternatives,

considering specially

~ ipter-phase spaces and the conductors disposition in
the the structure

- insulation leval

- minimum distance of the conductor to the carthed parts

- balance angle

- protection angle of the lightening-rod handie and dis-

tanca from conducting caebles ;

- definition of the normal helpght of the struecture, con-
sidering the minimum distance from the conductor to the

pround and maximum rise

chaining , if necessary ;
- valculation hypothesis material to be utilized , work

rates , safety coefficient an~ structure contourline;:

detalils and specification of the,structure accessories,

of the insulators and of the conductors ;

-'completc drawing of structure , with 211 the necessary
details ;

- abscuses utilizable in structures , [ balance angle .,
maximum load , etc )

kt the present phese however there are no conditions to

define an economical series of structure » applicable to

the reel needs .

Options will be svajlable to providecnditions for study-
ing electrical calculatbns utilizable . length estimate
atid budget , based on.sﬁructures already utilized in si-
milar coses in the north-east region . whose characteris

tics are definoed below :



8.6.2 METALLIC STRUCTURES

Type A : Alignment Suspension

deflﬂctiﬂn angle & 4 & & 4 2 e 0 e 4 S m P ¢ ¢ 4T ..ttoq tu 59
Ingulating chain ......... serssessesessnsnesin suspension
maximum balance angle ....ccoveee cescseanrsashB?

mean tower helpht ..ot ieses et s ernsnsaenrsasad3}.00 m
distance between the phbsas ...c.vevesvscees 6.70 m
chain lenght ...... I I T
maximum avarage Span .c...srsseserscssernse-e510,00 m
+540.00 m

mOXimum Span L R AN S L R A I I I I O ) % 4 & a v e

The structure planning 1s shown on figure B8-1

Type B : Binding in angle and terminals

deflection angle ...... wesersrecensssenescsss 9% tpas¥
insulating ehain ..., erenenn ssaess. under stress
mean tower helpght ... erinereecransssorevese 283,300 m
distance between phases ....iiveeeerecen ce o E.70 m
maximum AVOT3EE SP3D e eicarsscsaassseasansss 520.00 m

MAXIMUM SPBN 4 esescsrssasessarnresssnssareses 2375.00 m
The structure planning is shown on drawing -8-I1 :
8.6.3 CONCRETE STRUCTURE *

Typa C : Alignment Suspension

deflection angle ......cieernrevasannsnanas 0% to 39

INsUlator Chain v.ueeireonnneoannenns +eesse in suspension
moximum balance angle ...... teressccacnanea 40%
mean helght of poles .t eTi et i anneennesaa 28.00 =m

. distances between PHAESES ..veeeeeaceaTenasas 8.00 m
cﬁa;nf“}aqght”...r,, ....... Cenrasaees e, 3.00 m
MAXIMUM SPEN (i vessesiossecsanannne ceeees.330.00 m

distonce the axis of the twin

conductors ... - i ciianrrannnn csetsnacan 0.400 m



the structura planning 1s shown on figure 8- III .

Type B :  Angle - bindiﬁg

peflection anple ...... < 11 A

Insulators chain ........ sstssserassnsrasasass 10 tEansion

mean poles height .........0000.00 et s et s cas e e e 26.00

distance bEtNBDn phaﬁes 5 s st 8+ T s 2 e PR R R I ) L) B-DD

maximum AVerage SP8MN .« .reevsnnacesassassrnassnsss 300

5[‘](‘}[’] ..----.-..-o-o-op-------ooo---o-o------------sogc

The structure planning 1s shown on figure 8- IV,

'00
co
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8.7.1

In.the execution of the budget .

BUDGET ESTIMATE

PARAMETERS

the following pareme-

tars will be used
Hypothe| Hypethe-
Item Oescription nit sis 1 —f sis 2
1 Line lenpht Km 50 50
2 Utilizeable Path length m 70 75
3 Unit Cazt of land acre Crs 3gooon0| 30,000.00
4 Width of tho path tg be cleared 50 55
5 Width of the access roads m 3 3
B Lenght of the access roads Km 12,5 12,5
7 Unit cost of the roads and Cr$/Km ISDOOID[IB.UOU.GD
of the path clearing
b Number of structures per Kilao-
meters %tructz 2,08 3,50
9 Weight per structure kg/StrLc 8800 -
10 Cost of steel Kg “icrs$ 110.00 -
11 Unit cost of the structure Crs - 20.000.00
12 Weight per kilometer of conduc-
tor cable Rg/Em 1,624 1,300
13 Cost by Kg of the conductor cahle |[CF¥/KE| 9.00 2.00
14" Percentage of suspensian structure % 90 80
15 Percentage of structure anchorage % 10 20
16 Unit cost aof ironuare per suspen-
sion chain Crs 400.400 500.00
17 Unit cost of ironware per anchora-
ge chain Ers 850.00 (| 1275.40
18 Rumber of insulators per suspension
chain Unit 18 18
1g Number of insulator per anchorage
chain Unit 36 35
20 Unit cost of insulator Crs 30.00f 30.00
21 Unit cost of Eo;néétiﬁg;rod hondle
Cr$/7km |4, 00040

per kilometer

4,000.00



22

23

Unit cost of ironware to theo

' Cr$
pension
Unit cost of ireonware to thn
fixing of connecting -rod
undar stress Crs

80.00 8a,00

185,00 185,00

Also the following consideraticns will be made

- Freight cost , Insurance and Storehouse for the materials,

estimated in 12 % of the cost thereof

- Labor coest , fringe benefits and local transportation of

nmaterials

lands

, estimated in 30 % of the cost of the materials,

. access roads and clearing of the paths .

- Tha direct cost of the lipe , which should be equel to

the sum of the following items

Lend trects , Upkeep and Duties , Access Road and Cleering

ot

Paths ; Materials , Insurance and Warehousing ., Labor ,

Fringe Benefits and Local Transportation .

- fhe cost of Engineering and Supervisbn , estimated in

10%

of the cost of the materials .

- The cost of sundries and Administrative expenses estimated

in

10% of the direct cost

- The Lines indirect cost , similar to the total of the items

Engineering oand Supervision , Sundries

Exnenses

and

Administrative

- The overall cost of the lines , which equals to:ithe sum

of

the direct plus indirect costs .



traction
INDIRECT COST

6,703,806.00

B.7.2 COSTS
Item Description Hypothesis 1 Hypothesis 2
1 Lands , upkeep and duties 10.500,000,00 11,2%0,000,00
2 access roads , clearing of
path 750,000.00 750,000.00
3 Matetials 29,922,766.00 17,145,190.00
Structures end Accessoriles 18,540,000.00 7.000,000.00
3.2 Conductors cables and Ac - 10,517 ,368.00 9,222,930.00
cessories
3.3 Lightening-Rod handle and
accessories 865,390.00 922,288.00
4 Freight, Insurance and Wa
rehousing 3.590,731.00 2,057 .422,00
5 Labor, fringe , Benefits
and Local Transpertation 172,351,829.00 8,743,557,00
§  DIRECT €OST L
6 Engineering and Supervision 2,9892,276.00 2.640.206.00
7 General Expenses and Adminis | 5,711,532.00 3,894,616.00

6§,634,822.00

TOTAL

65,818,134.00

46,580,881.00



5.80. CONCLUSION

The enalysis of the powers to be installed 1in 1980 and
1985 , thet 15 , 540 and 850 MW , in function of the neces
sary circuits , gives an Immediate indication to one af
+he two types of structures wtilized by CHESF , tha metal
structure in double circuit and the concrete structure

for twe twin conductors

The olectrical studies allow to confront the alternatives
to the conductors , beginning with 6838 MCM gange , which
is the lowest adopted by CHESF 1in 230 KV lines

Hypothesisl lowever has eliminated tha utilization of B3GEMCH
cable , due Lo the excessive power loss In the year 1885.

It would make necessary the use of 79- MCM conductor , which
would eliminate hypolhesis 1 as a cansequence of the cost
confroentation with the cperation conditions , by 1tsels
already very lowar thaan those obtained with twin conductors,

65 1llustraled on the comparative tabee below . -

Hypothesis 1 o
YEAR 15P0) 1985 19F0 15F5
Conductor for phasel 1x7250ch) F1x755008  [2v@dswev) | (2xs3sucy)
no. of circuits 3 ' 4 - 2 2

v (%) 5.75 2,15 5.13 £.58
Req.{%) ' 7.24 f,AA 5.40 7.05

T {2C) 13° 20° 107 23¢
Losses (°h) 5:22 /.60 5.20 | s.00
Cast(Crs x 10°) 65.019 45,655




As a consejuence of the eccnomicsl study , it is recormended the

edoption of two circulits of 2 twin 635 MK conductors

In view of the necessity to ettend under emergency conditions ,
it was verified thuat , in 19720 , SUAPE substation could be helped
by a 230 KV " tie " , coming from Pirepama , utilizing a single
636 NCM per phase conductor , with concrete structurz , the cost
of which may be estimated in Cri?,5C0,0C0.00 .

The establishment of & zingle €35 NCM ~ per -~ phase conducter ,
refers to 160 W power , which is the maximum evailability existing

vt Pirepanma , for the emergency attenrdunce of SUAPE substaticn .

Alreedy in 1975 , besides this " tie " , it will be n=cessary to
leunch & third feetder batwsen Recife IT and SUAPE substetions

"n

This feetder may tave the same charscteristics as the " tie " and
it5 cost mey be estimated in Crils,S00,000.0C , accerding to
1674 prices . .

It is very likely however that the consumer market growth will
indicate the leaunching of the third feeder , also of the twin

conrfuctors type .
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9.0 69 K& THANSMISSION LITES
9.1 DBJECTIVE

Th;: cbjective of the present work refers to the bill for implant—
ing the trensmission linss necessary to the feeding of the Fertilizer
Complex , a5 well of the Clinguer Millat Suape region . The encrgy
wil) be brought from Suspe SE bus-bars , located at the neighboring

erea .



2.2

PAINCIPAL CHARACTERISTICS

Number of circults : one per line

Line Lenght :
T.L SUAPE - fertilizers ; estimated in 4.5 Km
T.L SUAPE - Clingquer Mill : estimated in 4.0 Km

Estimated maximum power to be transmitted :

-~ Fertilizers : 1580 2.5 WY
1965 5.4 L
- Clinquer Mill:15P0 12 WY
19R5 24 My

Conductor Cuble : see items 9.2,2 -2 and 9.3.2
Types of structures : see ltem 9.4

Period of lines working life : 15 years
Charge Power factor : 1.0

Freguency : €0 Hz .



9.3 ELECTRICAL CALCULATION

9.3.1 INTRODUCTION

Conditions of the lines operaticon will be developed .
taking into consideration the power transmitted for
the years 1980 and 1885 and the distances to be

coverced as well .

8.3.2 STUDIED COMDITIONHS

a) T.L. Suope- Fertilizers

In view of the low vélue of thepowers to be transmit-
ted { 2.5 MW in 1880 and 5.4 MW in 1885 )} a 1/10 ACRs
conductor will be establisthed , B/1 formation , with

the ideal conductor , the study of line eperation hayv

ing presented the following velues

PARAMETERS 1980 1985

Yaltoge drop (%) . 0.136 0.288
Regulatiaon [%] 0.135 0.268
Pawer loss k%) 0.131‘ 0.288
Current per conductorlAl 20.556 45,32
Temperature Elevation (°C) 10°¢ 10°¢

bl L. T. Suape - Clinquer Mil1

2/0 and 4/0 conductors all with 6B/1 formation will bhe

2stablished for possible vtilization ., the study of the

line aperotion presented the following values :

.-./i..



i

PARAMETERS © 1980 -1985
conductor 2/0 /0 4/0 2/0 3/0 4/0
voltage drop(%) 0.569 |0.461 |0.378 |1.15c {0.825 |0.756
Regulation(%) 0.573 [0.483 10.379 J1.180 |0D.833 |D.763
power losses(%) 0.567 |0.457 {0.374 l1.154 |0.823 |@.733
currents by conductor(a) 100,88{100.98 100.79 )1203.151202.701202.35
i
Temperature ElevationfC) {10° 210% |K1p°? . 25% | 17¢ 12¢
1




5.4 ECONDMIC CALCdLATIDN OF THE COMNDUCTOR

9.4.1 INTRODUCTION

It-will be developed the economical dotermination of the
conductor cable in order to present a comparative study

with a view to better evoluate the varlatlons processcd.

Since the conductor established with the electrical
studies was 1/10 for L T Suape- Fertilizers thus leaving
a reasonable margin , only the economical calculsation of
conductar to Suape - Clinquer Mill will be studied con-
franting 2/0 , 3/0 and 4/0 conductors

9.4.2 TOTAL ANHUAL CONDUCTOR COST

Calculation For.maximum forecast power for 1385 , cost

of the conductor Kg cqual to Cr$9.00 ( nine cruzeiros 1,
depreciation rete of 12.5% per yoaer ., losses factor zgual

te 73% priginated from 65% charge and the price of XWh egual
to Cr$0.086 will be devcloped . the following arrangement
beling obtained :

Cost of the Yearly Cost Yearly Total
Conductor canhguctor{Year) of Joule Losses Cost
2/0 3,673,335 126,28%.78 129,85%92,13
3/0 4,623,185 100,166.02 104,7095,17
470 5.038,75 78,460.43 6§5,298.18

In view of the foregoing , it will be decided to utilize
ACS5R 4/0 cable with arranyement 6/1 for L T Suape Clinger
i1y .



8.5 - STRUCTURE PATTERNMNS

9.5.1 INTROOQUCTION

The series of structures to be utilized in the transmis-
sion lines are expecind to be 1n accordence with Celpe

patterns , defined for 638 KV .

Some aof the structures of this serie ., are characterized

balow :

9,5.2 PRINCIPAL CHARACTERISTICS

a) Typa - C- ARD §§

Utiliration straight alignment
Pole concrete,type double T
Cross concrate,type condensed
Defrection angle g? - 3%

Insulators Ch@in suspended

Meximum angle of balance 74 %
Average height of the poles 17.0'm

Average maximum span 300 m

The- structure plan is:zhown on figure no. /1 .

bl}-Type - H-ALA B6

Utilization - binding 1in angle

Peles concrete ,type double T
Crosses steel

Deflection angle 39 - ¢

Insulators chain tension/suspansion

Average heigh of the poles  14.0 m

The struclure sketch is shoun on figure 3/2 .,



g.f. ESTIMATED BUDGET
g.6.1 PARAMETERS
In the excution of the budget , the following parameters

will be considered

tten| Descripeion Unit ?elri?‘iif‘f? Eigazﬁiiemu
1 Lenght of linu5 Km 4.5 4,0
2 Width of upkecep path m 30 30
3 Unit cost of land Acre [CrS 30,008.00 30,000.00
4 Width of Path to be cle
red 25 25
5 Width of the access roacs m 3.0 3.0
] Lenght of the acces " 1.125 1.0
7 Unit cost of the access
road and clearinpg of
path cr$/kn| 3.500.00 | 3,505.00
i ttumber of structures peT
kilometers f 25t /K 5.0 5.7
8 Unit cost of thoe over-
1} head structures I°rs 2,750.00 2.,888.00
10 |Unlt cost of the bindin; )
structures “rs IB.2DB.DD 8.885.00
i1 (Welght by km of conduc-
ting cable RE/Km 215.9 432.5
12 {Pereentage of the sus-
pension structure % 60 60
13 |Cost of the conducting
cable (per Kgl STS/Xg 9,00 9.00
14 jPercentage of znchorage
estructure % 47 40
15 lunit cost of wares per
suspension chain rs 250.00 280.00
16 {Unit cost of wares per
anchorage c¢hain | ir$ 400.00 400.00
17 |tumber of insulators
GRtt s 5,

per suspeansion chain



18 NHumber of insulators psr
tenslon chaln Unit 10 ip
19 Unit cost of insulatar Crt 34,00 30.00

Alsn the followinpg will be considered:

hausing for materials ,

-

insurance and ware
of the cost thereaf .

-Freipght cost ,
gstimated in 12%

fringe benefits and local transportation of
of

~t.abor costs,

gstimated in 50 % the cost Hereof .

materials .,

-Direct cost of the lines , the sum of the following i -

logs ’ access road and path

frelights .

tems: upkeep and rights ,

cost of insurance and

clearance , materials ,

warchousing , labor costs , frinse benefits and local

transportation .

- Cost of engincering and supervision , estimated in 10%

of the materials cost

Cost of overhall expenses gstimated in 10% .

~lndirect cast of lines , the sum of items engineering

supervision , sundries sxpenses and managaement ;

Total cost of lines , representing the sum of direct and

indirect costs.

ITEM DESCRIPTION Foki §yaee Lybaduane, .
1 Phots, upkeep and rights |aps,gpo.oo 50,000.00
2 Access Roads , path clear ’

ing 15,750.00 14,000.00
3 Materials 198,349.00 |196,783.00
3. Structure and Accessories {(119,9835.g0 1pQ,528 .00
3.2 Conducting Cable and Acces

sories 87.,414.00 26.,234.00
4 Freight , Insurance and

Warchousing 23.801.00 23,8592.00
5 Labor cost. fringe benefits

and local transportation 96.174.00 89,381.00

AH¥RECT“CQST _ ?42,074.00 |686.003.00
b En"inevring and QupcrvirinﬁR?,gaz.oo 27.8%2.00
7 Gvncrdl dnd ﬂgnaremcht 74, 2ULJQU; 659,593 00

"INDIRFCTvCDST
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10.0 OISTRIBUITION IN 13.8 KV

starting in 1880 the Administration and Complemtary Ser-
vices , the General Port . the Camping Aresa . the Residen
tial Area and the Distillery Containerizing Area will be
connected to the 13.8 KV neotwerk from the charges already

foroeseen .

with this object feeders nos. land 2 may be irradiated

from Suape substation . The former will be intended ta
attend the Administration and General Port charges . and
the latter . the Camping Area , the Containerizing Area and

the Residential Areo of Baasica .

Figures 10- T and 10~1I1 show . respectively the 13.8KV net
work single-wire simplified dizgrams in 1880 and 1885 . It

was immedioted verified Lhe charge low density and the long
stretch of the feeders . The attendance to these two condi-
tions was madé in accordance with CELPE patterns , concrete
polaes, being employed , with maximum spans of 80 m . and CAA
aluminium conductor , A/DAMG gange , fixed on normal type

structure .

It was verified that the maximum voltage drop . under the
charge conditions forecezt for 198% , 1is not expected to
reach 5% . It should be borne in mind . however the absen

6& of convincing clements that permit an evaluetion repre-
sentative enough of the future characteristics ¢ the 13.8KV
network operation .

Based on the policies adopted by Eletrobras ., for the apprai
sal of the distrivuition systems cost , the investment ne -
edad téithe implantation of the two feeders 1in guestion may
be calculatad at Cr$462,000.00. -

u
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11.0

11,1

11.2

11.3

11.4

TOTAL ESTIMATE BUBRGET

SUBSTATION

Equipments

Concrete poles and heams
Insulators and Conductors
Sundries

SUb- Total

TRANSHMISSION IH 230 KV

Plots ., up-keep and duties
Accoss Roads, clearing of
the path

Materials

Structure and Accessories
Conductiing cabties and ac-
cessories . '
Cobles , condccting-rod
antg accessories

Frodiglit, Insurance and
Harehausing

Labor costs,.fringe benefit
and local transportetion
DIRECT COST

Enginecring and Supervi-
sion

Over-head expenses a2nd Ad
ministration

INQIRECT COST

Sub- Total

ENERGIE TIE 230 KV - 1980
Sub total

ARD, FEEDER
Sub- totol

20,625,200
772,540
713,518

lo,800,000

33,011,256

11.250,000
750,000
17,145,180
7.000,04a0
9,222,530
922,260
2,087,422
5 .
8,743.557
39,946,169
2,640,206
3,894,916

6,635,822
46,580,881

7.500,000

18,500,000



11.6

a.
b.

69 KV TRANSMISSION LINE-FERTILIZERS AND

CEMENT '{ CLINQUER )

T.L.SUAPE
FERTILIZERS

Plots,up-keep and duties 405,000
Materials 198, 3489
Structure and Accessoriesl110,935

Conductor cable and acces

sories ' 87,414
Freight , Insurance and Wa
rehousing 23,801
LLabor , fringe benefits and
local transportetion 99,174
BIRECT COSY 742,074

Engineering and supervision 27,932

Over-Head expenses and Ad-

ministration 74,207
INDIRECT COST ip2,13¢
Sub~- total .844.,213

13.8KV DISTRIBUTION
BDASICA N.S.0 - ADMINISTRATION

T.L.SUAPE
CLINQUER

360,000
198,763
100,529

58,234
23,059
99,381
686, 003
27,982
69,598

97,591
793,594 1,637,807

465,946

Sup-total
Total

107,685,300
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12.0° RECOMMENDATIONS

As a result of what has previously been considered , at
this initiel stage of Suape study . some Iimportent re -
commendatlions regerding the implantation pf the electri-
cal system required for the supply of this Industrial

Complex .

As far as. the definition of power needs is concerned .

it is recommended what is indicated hereinafter .

12.1 SPECIFIC CHARACTERISTICS OF THE CHARDGLS

TJo obtailn cheracterisiics specific for sach consumer to

be considered or to be defined

- Yearly or ménthly gdemand , during the implentation stage.
- Absence of charge .

- Power factor .



12.2 CHARACTERISTICS DATA OF MARKET EVOLUTION

Ta cbtéin characteristics data on the evolution of the

merket foreseen therceo:

- information on the type . proportions and locotions of

each consumer .

- peeaslian during vhich each consumer will start his

installation .

-

- implantation chronegram for gach cansuler .

- gach consumer fuiure increase forecast .



12.3 SELECTION OF ALTERMATIVES

As far as the selpetion of alternatives to be made

for the power supply planning Ls concerned , a cla-
rifying or even corrective measure 1s recommended .,
with & view of :

-

A Minimization of Inconveniznt Aspects .

To consider the minimization of lnconvenient aspects
in the consumers installations at Suape and the fu-
ture aperation of the network , such as the influx oc
currences duc to uncontrolied start of bLipg enpines
frequent oscilations due to the nature of the connect
ed charyes , with low power foctor not duly conpen -
sated , presence of harmoniecs due fto technical insuf-
ficiency of the instellalions of current rectification
low charge factors and consegquent power cost inerecse

among others .
B Indicetion aof Convenicnt Technical Condition

Indicate and make sure that the technical requirements
will be convenient te the bust sizeability condition

and to the system operation , such as the adenuate ty-
pes [ star in 230 KV and 13.8 KV and delta in 68KV] ,
conpections to land [ sirictly in 230 system and through
zig-zilg earthing transformer in 69 KV system } , use of
convenienély protected shunts at the owtlet fer BOKV

and 13.8 KV consumers , addition of modern . reliable |,
protective system for the netwsrk and iis trunk-~-lines,
in such a way #s to consider an adeguate protectian fTor

the normal and abnormal cenditions of the operation.etc.



e

12.4 INITIAL SETTLENMENTS

Concerning the initial settlements on Suvape'’'s implanta~

tion and its electric power supply , it is recommended:
A © With CHESF's Planning Management

Settlement between Suape's General Management and CHESF's
Planning Management , in order to work out with CHESF the
. initioal overall consumption forecast and the energy de -
mand for Suape , giving emphasis to the location , to the
spaclal conditions of importané consumers there foreseen.,

etc .
B With the Industries

Sattlement between Suape's General Menagement and the Indus
tries makling part of it , 1in order to well determine the
supply 'scope by Suape ar by:CHESF and the technicael requi
rements which will be establihed for thaose industries being
benefited by the slpctrical network under implantation .

¢ "Industries With Charges Over 50 nv.

4
The industries with foreseen charges aver 50 MV  are called
upan éo keep in contact wlith CHESF's Commercial and Planning
-management so as to establihed the supply conditions under
230 KV within the definitiocns and requirements now in effect

in that enterprise .
o Industries of Minor Importance

That the other industries of minor importan;e there foreseen

maintain simf{lar agreemant with Celpe , in what refers to

their instailatinns being served by the 6§69 thaﬁd the 13.8KV networks
which will be implanted thers by that state concessionaire .,
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PART 5 - TELECOMUNICATIONS SYSTEM

1.0 PRELIMINARY CONSIDERATIDMS

The Industrial Complex area will be basically subdiveded
in industrial areas and in part ., residential , adminis-

tration and service arcas .

In the face of the activities interdependence developed in
these areas , the interrelations must be of 1lntense dyna -

mism.

The industrial ares was planned according to four main defi

nitions :

1) Tunctional programme fo each industry in order to at-

tain & cetermined praduction ;

2) planned expansion of that production capacity
3} optimizetion of maritime and land accesses .
13
4) the necessity of allowing an efficient interchange of

"products between industries of Integrated groups .

for location purposes the Iindustries were classiflied into:
purp

1) .industries cennected with the Port , net reguiring

direct maritime accwuss .

2} industries requiring direct maritime access .

The Suape Industrial Camplex weas panned within the most mg
dern areas interrelations ., which predicts a great interest
on the pert of everybody living in the neipgphbourhood.Besides
through the hipghway end rellway systems 2 great number aof

wortkers from tho near cities can be gngaged by Suape .

i



These facts enhance the nocessity of an efficient and

quich communication system ,

Considering the proximiiy of Recifec and the existence

of Cabo city , seat of the municipality, in the Complex
area , a high interest fector of Suape with those cities
and with the rest of the National Telecommunicetion Sys

tem 1is foreseen . .

Within the rules published by " Telebrés * , Suape has

conditions of entering directly into the Hatlional Tele-
communications System - DOD , depending only on Embre -
tel's planning which must have a planned route for that
purpose . Alternatively Suape may be 1introduced as any
statlion satellite of " Telpe " , depending also on plan

ning by Pernambuco concessionaire

The auvtometic long-distance cells in Suape are extreme-
ly necessary , above all due to the affluence of every-

body who will transact in the Industrial Complex

For the lst, stage of CI implementation . the following

areas are considered :

»

- Residential in ZRI and ZR2

- Oistillery
- Cement

- Aluminium

- Fertilizers

- Common'Pcrt

- Administraotion and Complementery Services (ZCA)

The activities nature of the respective ereas 1is indicated

halow .



AREA

-

TRADE AHD IRDUSTRY

3 Markets

2 Banks

RESINEHTIAL

3 Athletic Centers

3 Health Stations

3 Primary Schools

3 Secondary Schools

3 Churches

l1 Police Station

1l Fire Oepartment

1 Theatre

1 Post OfFfice

DYSTILLERY Industiry
ALUMINIUM Industry
6EHENT Indusiry
FERTILIZER Industry

GENERAL PORT

Part System

Office

Customs

PORT
ADRTHISTRATION

Police Port

Traffic Control

Canteen

First Ald

Office

Trade

ADHIRISTRATION

Hotel

AND

Sanitary Station

COMPLENMENTARY
GERVICE

Training School

Bank

Post Oifice
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2.0 ‘ COMMUTATION SYSTENM
2.1 DEMAND EVALUATIDN

For aevaluating the telephong demand , the dynamics of
the Complex should be well "khoun , which will only be

well defined with the proper functloning of all areas .

Whenever the telephane demand of an area is calculated
8 close corrulation between the mentioned demand and
the different factors 1is observed . such as :

- Power consumptian

- Number of vehicles

« Deposits value

- Taxes collection

- Percaplte income

- And others .

This cnrrclation.is obviosus , once such fTacters are related
to the pupulation’s purchasipg power . All evaluation me -
thods of the telephon# demand . Iin some way , ftend to re -
late it with indicative factors of the purchasing power of

a determined population under study . -

anmally . when a demaend survey of a place 1s made , its
vpalthiness rate is evaluated by means of a graph , which
‘will furnish each population with a national wealthiness ra

ta that later will indicate the terminals number .

In the case of " Suape Cemplex " . there is no passibility
of drawing a curve for the calculus of the "tletiaonal Wealth
ingss Rate " , considering that it is an almost uninhabita
bla area , which alse applies to the majority o¢f the neigh-
bourdnp orpas . It was adopted therefare the hypothesis
that " Suape Complex * telephong demand follaws the adop-
ted average in the country { d = 2 term/ 100 inhab .) .

PN



Tha number of terminals thus calculated , was analysed
in compgrisiun with other reference elements of similar

naturc , being consddered guite satisfactory .

The population involved in the CI area , due to the in
terest of the system under study ., resulted in the fol

lowing profile

-

AREAS . ESTIMATED POPULATION
Rasidantinl 14 .65158
Distillerv 50N
Cement 1,580
Aluminiuim 2.000
Fertilirer lo0
Common Port 600
Administ ti d H ~
rvmsgrgigﬁs an and Eomplementa 795
TOTAL 49.131

»-

lased on the population estimated Tor the areas , for
the sshke of the study and taking into account the adep-
ted factor which was ascertained according to similar
projects , the following terminals:*profile was deter-
mined :

AREAS HUMBER DF TERMINALS
Residenkial 400
Uistillary 12
Cement 3q
Aluminium 40
Fertilizer 3p
Comimon Port 8
?%még%gigﬂ%i?n and Complementa 10

TOTAL . 530

/e



The telephone density tends to vary runninpg the time ,
as a consgquence of tnu_" Area " axpected growth o
This fact , must be gilven speclial attention as the
gata are gaethered during the operating period . con-
sidering that . one the analysis of the information
will depond the future enlarpgements . Taking such Tact
into consideration and the stations economic scale .

the Iinstallation of o 1000 terminals station 1s advisa
ble .



2.2, TYPES OF TELEPHONE SERVICES
2.2.1 RESIDENTIAL AREA

In this "Area " a population of about 34,500 inhabitantis
is foreseen , with o 5 people family average . It is
suppased that a great majority is {formed by workers,who
will work in the " Industrial Sector " added to a mineority

of high level staff ( managers , officers etc )

The population average aof this area then will have a low

purchasing power .

For this area ., communication possibility with the rest
is foreseen , as well as with the Mational Telecommunica-

tions fietwork and mainly with the Capital of the States .

For this , publie services are foresecen [ telephone bootns)
‘for servicing the people lacking residential telephones .

These'telephones will be blocked to the " Direct Dial Ser-
vice - DD " 4in traditional patterns , identic to the ones

used in all National Telecommunications Services .

Besides the public and residential enes , telephones for
all types of trade establishments will be installed .

JService Stations [ %P ] " will be made available where
people lack residential telephones . in order for them
to be able to make long - distance calls , through paid

taxes at ths moment of the call .

2.2.2 Industrial and Administrative Areas

For the Telecommunications System Plan " Administrative
and Industrial Areas “ are considersd to be all those
having industrles and Iin & way or anocther , those having

admlnistration organ .



The population of these arcas vary {rom 200 to 2000
prople . The areas with & number exceeding 1000 employees
must have PABX switehboards , while PBX or PABX's are
admitted for the olbers , depending on each one's plan

ning and dynamism .

In all these arecas " direct telephones " must be instol-
led for directors , managers , officers , etc . . with
DDD service acress . Normally . these ™ direct telepho

L

nes are planned in aorder to previde a larger success
possibility in the call attempts to those people who

neced qguicker ond relieble communications .

Thue PADBX musi have blocked extencions to DOD service .
The extensions long-distance calls must be done with

the gperator's aid .

Depending on complementary studies , public telephones
{ fiberglass type } rmusi be placed in the industries
neighpcuringq in order to make the communicetions easy
far the workers who don't have easy access to téigphbnes

4
in their worhing places .

The telephone services synthesis is indicated belew :

PEQITNE i t “\§T i o]
RESTOENTIAL Eﬁhlggnréﬁén‘ggggrc1al an
DISTILLERY PABR/PBX and Direct Telephones
CEnENT - PABX " " -
ALUINIUN PARX " " -
FERTILIZERS PABY . n "
COtiM0i PORT Direct Telaphones
AONINISTRATION ARD COMPLE lpapu/PRX and Oirect Telephones
HENTARY SERVIGES .




2.3 TELEPHONE SYSTEN DIMENSIONS

The dutérminatiun of the number of the long-distance
and local calls and of the averspe circults occupaton
time can only be obtatned safety oftor some observa-
"tion years and local habit repistrations , this part
being one of the most difficult of a " Plan " preli-

minary phase .

Daia obtained in practical observations of similar

areas were used to solve the problem .
2.3.1 Originated Traffic
- Local and Long-distaence calls number

Experimental results show that telephone low density
pleces as in the cese of " Suape Industirial Complex
indicate subserlbers with telephone intense utiizetion
hebits . Other countries statisties , with ideptical
areas., show that each subscriber inftietes with a 250

local calls per maonth average .

The long ~-distance calls gstimates are mede with;n the

mast elaborate processes . An emp{rical diagram {graph
2/ ) 1is usad FTor definlng the probable traffic volume

in each area . Based on that disgrem , considering

Ehe concentration faclor of 15% during the " RHT" ., and
26 days per nonth , the long-distance calls number

during the " RHT * ( Rush hours time ] is estimated.
- Long-Distance Traftic

Once the number of galls is estimated for the " RHY" .
that number must be turned inte traffic .For this to
be accomplished ., cell occupation time is needed .
which comprises the communicetion time , conversatien
time . plus a time addition which tahes inte conside-
ration the incomplate cvalls . An average 5 - minute

ca#ll onccupation time . was also considered [ experi-

mentol data ebtained in Lhe national network ). ..
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2.3.2 INTEREST FALTOR

A groat interest of the Complex L{s estimated for the
neighbouring places . Therefore an expressive long -

distance traffic was estimated .

2.3.3 Traffic to/from the Hational HNetwork

Toking the previous considerations as a basis , the
share of the originoted traffic for Recife and the

National Hletwork was ovaluated .

Foreseen tarminals - Ho. of terminals = 530 £ 800
From graph 2/1 results :

n = 23 calls I U / month subscriper

Days of month : d = 206

Haur concentration factor - fc = 0.15

Hith the present data resulted N = 78 calls , obtain

ed from the formula :

i = Hp. of term. = n = fc
d
Considering the Average Conversation Time , the result
. wWas @
A = No. ACT = bB.,0 E
60
¥here ACT = average )

Thus , the traffic aripginating in Suepe , isepproxima-
tely 6 erlangs , ef which 12 trunks are resylted , iF

2 5% service rato is considered .

Supposing that the greatest interest is related with
Reecifo ., the inlet/outlet rate is of 0.720 . In these
conditlions we would have the necessity of 22 {twenty-

~



two 7 " IU “ trunks , 12 ("twelve ) fo which feed their

linges to Recife and Haticnal {letwork , as shown below:

(A_,)) = 0.70 ( A

Ty IU}Q . where { A_ lo = long-distance

Iu

traffic ordiginated { AIUln'= 0.70 x 6.0 E = 4.5 E

The fraffic number for the finished IU traffiic course

i1s equi to 10, considering a 0.5 service depree .

Trunks total number

—

12 ( originated IU traffic) + 10 { finished IU traffic) =
- 22 .

In synthesis we have

Terminals IU «c2lls number IU tratfic | IU trunks
numboer during the RHT RHT number
600 78 B0 E 12

National iletvorkfInlet}Traffic Tr?ng?lﬂat onal Hetwork
Outlet

4.5 E .0 E




2.4 COMMUTATION PLAN

The interareca traffic must be totally outomatic , belng
lJed through the telephonic station located in the "Ad -

ministration and Complzmenlaty Services Aresa “.

The traffic Tor /7 Tfrom Recife and the natlonal network

willl also be led throuph the above mentioned station .

The plcture 2 - II deplicis the [T commutation plan .



2.5 HUMERATION PLAN

The " Suape Area " must have o gompatible numbering
with Telpe's plan , consuquently . more detalls about
this item will be hnown later,in contact with the

Concecsionaire , when the system implantation will

take nlace .



2.6 TRUNK- LINE DTAGRAN

All areass will be ceonnected with the automatic telepho
no station by means of underground cables couples

The calls from/ to Recife and the national network will
be completed through six-wire connectors , and will be

lpad through Radio System .

The picture 2 - ITII illustrates Suvepe's telephone Sta-
tion trunk-line diagram .



2.7 SIGUHALLING PLAN

The outomatic Telephone Station must be identic with
s0o many other ones withe qual terminals number (3000

"MFC" , sgheme ® 5 C ™ , standardized for the
NHational System



2.8 TARIFFING PLAN

TarifTiny must follow Lhe ‘toncrzssionairc standing ruy
las for * Suapo's Arse " . The long-distence caells
will be tickeied automatically fn Ewmbratel's Class I
tr‘-ai’fic station in Reclfe



2.9 ConcLusions

Based on the calculations for Suape's telephone demands.
and bearing in mind Lhe attendence of its future neces
sifias , the installatian of a typical central station
for 1000 { oane thousand ) terminals is recomended , fo be
located in the Central Administration building. There
should also be made an allowanes for a 2,500 m2 [ two
thousand and five bhundred square meters ) in this build-
ing .

This station must possess ap energy system capable of fe-
ceding & 3 KW cherge approximately ., as well as an emer -
gency system capable of méintaining it functioning till

the main encrgy re-estaplishment .

The urbtan netuork must be underground , with visiting
hoxes a2t the junction points end distant among themselves
a maximum of 2?00 ( two hundred ) meters . The urban nci
waork planning must bae done topether with the urbanistic

and the access ways departments .



2.10 ESTIMATEDBUBGET

The cost eveluation for the commutation system 1s
hased on a ARF -102 WMFC ( ERILCSSOHN ) station prices,
the cost of which is €r39,500,000.00 as discriminet

ad‘hulow :

1] Equipment - Cr$2,400.000
2) Civil warks - Crs4.000,000
3) Urban WNetwark : Cr$2,600.000
4) Apparatus - cr$ 500.000

Commutation system

Total - Cr$9,500.00
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3.0 TRANSMISSION SYSTEA
3.1 PROPOSED SYSTEM

The Suape to Recife or to Cabo city distances imposes
a linking via Radio as a solution to the telecomnunica
tions problem . We opled for Suape's connection with
Cabo , dur to its greater proximity and for the fact
that TELPE 15 implenting a Communication System-',
which among cther cities it will link Cabo to Recife,
through a high and trustful capacity system .

The suggestied transmission system must be formed by

an enlacement via Radiao , eperating on the UHF band
and will connect Suaspe with Telpe's system support sta
tion in Cabo , At this station ., through & multiplex
system the telephone channels coming frem Suape will
be injected in Telpe's state network in order to be
transmiitoed to Cabo and Recifec and fram there Lo the

notional networhk .
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3.2 RADIO S5YSTEM

The Radio System to be installed must possess a maxzimum
capacity of 60 ( sixty ) veice channels , heing projected
for obeyinpg the Internat&unal Radia Consultive Comitce

{ IRCC ) and the MNational Telecommunication Council .

£
With this capacity the system may supply future signigi-
cative expansions that will appear with the Industrial
Complax demand groulh .

-



}Lgo

3.3. MULTIPLEX SYSTE®M

The multiplex Equipment , which will make the Suepe
System intercannection with Telpe System possible
will be equipped at first with 36 ( thirty-six )} te-
lephone channels and belng capable , by units addi-
tion of being expanded to 48 ( Torty-eight } and 60O
( sixty } volce channels , making it comﬁatible with
the maximum allowed capacily by the Radio equipment,
The multiplex system must obey Lo the International

Telephony and Telegraphy Cansultive Commitee(ITTCC]).
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3.4 DOUBLE CABLE SYSTEM

The double cable system 1is expected to interconncct

the multiplex equipment with Suape's eutomatic tele-
phone station . This system will be compounded by a
double cable with 200 { two hundred ) couples capaci
ty ., making 1t possible the 60 voice channels and &

wires tranasmissian
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3.4 DOUBLE CABLE SYSTERM

The double cable system is expected to interconnect

the multiplex equipment wilh Suape's automatic tele-
phone stotlion . This system will be compounded by a
double cable with 200 ( twe hundred ) couples capacl
ty , making it possible the 60 voice channegls ond B

wires tranamission



3.5 JUSTIFICATICN

The colculation of Suepe telephons demand , has determined that the
initial multiplex canalization carry 24 ( twenty four ) voics chan —
nels , meking a short-term sllosince Tor 35 { thirty-six) and final
capacity for 60 ( sixty ) chennels . Nolwithstending , dusz to the
smull difference in the cest of the Redio ecquiprment |, for a 24 - €0
channel syst=m ( 20% of the cost of the radio equipment ) end ths
;clntiucly long tir= period that it takes fcr the chearnels installa-
. tion to tmke plzee , the installaticn of the letter is recommended,
the multiplex system being initially equipned for 33 channels ,

The choice for the rultiplex equipment with 33 voice channels is as

cribeble to muny reasons , some of which are mentioned belos @

— The standardization of thz mix equipment for sultiples of 12 chen—
ncls .

~ Experience has shown that big projzcts such as Suape , with conse
guential progress bcem in close lidision with thefacilities it
places to the us=rs , show a censiderably irregular dexand growth,

mostly of'ten dimpredictable ;

~ There are pther services that may be rode availeble to the users ,
such #s aiding redio broadcast , renting private lines , transmis

sion of prograesz channels in HAfi for inside music , ete, all

of which would requirs sditional channels ,

~ It is always wise to kesp some spare chermnels in the systen in orcer

_ to overcaome unforescen situaticns .

hs fegards the double-ceble system , it is considered eppreprizte to
use saméifor the maximum capacily of the system ( 80 channels ) .
s the extention tothe cables st a further cccasicn would be ex —
pensive , apert from belng detrimenlal to the systsm ., ?urth:rmgrc
the cost differance for a cable with a cepacity for 35 channsls is
unimportsnl { sbcut Cr322,000.00 ) if comparesd with the tolal cost of

the system .

.

rp



3.6 INTERFACE WITH TELPC SYSTEM

The Suepe System will be connected aith TELPE system at the ald
stetion in  the city of Cebo . The interconnection of the two -
system will be effected Superground-wise , that is , a Sub-eguip
ped base supergroup , ceoming from Suape , will be injected at

the TELPE system leesding Tor Recife , through its multiplex egjuip
ment , with will be availsble at this ststion .

From Cabo to Recife , all Suupe channels «11l be considersd as
crigiroted vt Cxbo , entering the Recife Autcratic Central through
the Cebo — Aecife System , thus Leing allowed to enter the netinzl

network through Direct Dialing .



3.7 RADID CANALTIZATION

The Radio must be dimensioned for carryng

channels plus the sub-base band .

60 vaice



3.8 MUETIPLEX CHARNELS

There should be initiolly an allowsnce for 35 voice channels for
Recife , comprising telephcne channels , telex , telzgraph and

chennels for rent

The proqgremme channel is not shown in the chennels distribuition,

as seme could slso be effected opticnally .

A number of channels may also be cnvisaged for Cebo , which could
be mude svailable throungh Recife .
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3.9 ARE/. DISICN FOA  THE EQUIRVENTS

Ths construction of a stayed tower is foreseen to be constructed
of Suspe which should support the duterna . The installatien of
all Commutaticn and trensmissicn eguipment was initially fcresesn
to occupy e single building , 1n the Administrative Area . Hawever
due to urbanistic problems , it was decided that the instsllation
of the transmission equipment be placed in scparate , far around
400 meters from the administrative ares . In this building it «ill
be necessary some 20 twenty ] m2 of utilizable area , with =a
minimum floor-to-fleor distance of 4,0 meters so it ray be in a

condition to house any type of eguipment .

As for the lends , same should be en an even ares , corresncnding

to a sguare 20 m=il=zrs in each side , for fixing the tousr stays .

At Lhe station intezded For zupperting the cable , all TELFE infra-
structure will be uvtilized , including ths tower , In this case ,
the erea to be ocoupizd chould bz cbject of dismission vis— a -
vis TCLPE , co that an agreement be reached in respect of the

" Lay-out" for the station .
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3.10 POAER SYSTEM

Bue to the low consurption of the equipments ( spproximatsly 250%) ,
end the fecility of same to be fed by AC power , no emergency gene
rators motors group ere foreseen , inasmuch ms any battery-system

of the cutomobile typs will suffice in order to keep the system run—

ning until the normal charges becore available .



3.11 PRESENTATION

The transmission system is illustrated in the blocks

shown in pilcture 3-I to IV



3.12 ESTIWATED BUDGET

The overall estimated budget for the transmission system amounts to
Lr$l, 600,000 , es detailed below

1) Radio chipmznt ....-l........I.C.I.Crssm'm
2] Tower RN L N RN T N N I YA A I I ) 70|D:-U
3] Cablc Equipmmt TR AR R R R R E T Y] mlmo
Q) '.Ultiplf:x Equipmcnt Sdvevadodrendenas s 75{3'@
5) sub"tﬂtﬂl -— Equipm:r‘lt T EYEEE R T lgdm|cm
6) CiviL WOrKS suevaasrssansroannesavass 100,000
7) ACCEeSS roeds t0 LOWEr vyeeeeereervsas 102,000

g} Totxl for th= trensmission system ... 1,500,000
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1.0 TELEGRAPHIC SYSTEM

The first appraisels for the demand of telegrephic channels has

shown thetthere is no large concentration of these services in
the region .

Medium ~ Termwise , the " Suspe Port Industrial Complex " may
sccommodate the installetion ef a2 telegrephic multiplex equip
ment with cepecity for 24 ( twenty-four) terminals , no telegra

phic central belng necescary to be imnlant=o

The 24 channels intended for Aecife and ta the Mational telex
Nztwork will be trasmitted to the Central of telegraphic Commu —
nicetion of Recife , through a voice-channel in the Suape - Caba

Recife System ,
The estimeted budhget is Cril&0,000 , us dsteiled below :

1) Mux Equiprent { 22 channels ) = ceee.... Cril30,000

2}  Installation & Transportotion ..eeseeees 30,000

3} Tatel cost for the telegraphic system ., Cr$l€0,000

It should be stressed that this cost does not include the totel
price of the mechinery , as this will depend on the nurber of users,
Only for refewmce , the unit price for the' t=lex machine is baing
given , vis. Cr320,000 .

t3
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5.0 OTHCA SERVICES

In eddition to the services which will be svsileble ut Suspe , other
fecilities muy be included , such as the High Fidelity progreTrme Chan
nel , data trensmissio , private lines , ( closed telrvision circuit
for TV repeaters } , tec , all of which may rely on the system under
consideration .

The other services utilizing the telecommunications services skould
150 be given close consideration , among «hich should be fncludzd
oir and sea traffic control , privetely owned communications networks
such as Regdio and Television , all according to Lhe planning made
for the Suspe System which shuold alsa be integrated in the ztional

Telecommunications System .

As regarrds the air and ses traffic control | there should b possible
the installalicn of approxinsticn raders |, the cost of which was calcule

ted around US3180,000 ( one hundred fifty thousend ) collars .
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6.0 OVERALL ESTIMATE BUDGET
OF TELECOMMURIICATIONS SYSTEM
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6.0 OVERALL ESTINMATED BUNUGET FOR THE TELECCWNUNICATICRS
SYSTEMN

The cverall cost estimated for the Suupe telecommunicetions systzm
amounts to Cr¥ll,2&80,000.00 .

This cost include the total srices in connection with supply , trens
" portation and installation of the equipments which will make up the
Suspe System , including the Civil ¥orks .

Ttemised Prices :

)l Commutation system Cr3 9,500,000.00 R
2 Transmissicn system 1,500,000.00

3 telegraphic aystem S 160,000.00

4 cversll cost CLe 11,250,000.00

5

redar 120, 000.00
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