(hapter 7. Preliminavy Design

; General Conditions
7,

The preliminary designs below mentioned of civil engineering side
and clectric—mcchanic engineering side are performed in accordance with
development scales described in Chapter 6,

Ag feor civil engineering side, SHo Lourenco Reversible Power Station
including the upper and lower reserveirs, the pondége type upper
reservolr, pump station of EF-8A, pipe line type pump station and Cubatdo
Compounded Reversible Power Station including the lower reservoir, are
only selected and designed based on the given development scales to
improve the technical capabilities of the counterparts. °

As for electric-mechanic engineering side, outline selections of
wmain units, specifications of electric machineries, main circuits and
trransmission lines, and layout of electrice machineries in accordance with
the given development scales of Sdo Lourenco Reversible Power Station,
Cubatd@o Compounded Reversible Power Station, and several pump stations,
and the field investigations of road bridge cdﬁditions_for heav§ equip~
ment transportations are only éelectéd'and studied to improve the

technical capabilities of electric and mechanic engineers,

7.2 Preliminary Design of Civil Works
7.2,1 Sﬁb“Lourenco Reversible Power Station

(1) Upper Reservoir
Locations of Structures.to develop the upper reservoir are
followed at_the nearly same locations selected beforehand by DAAE
because lots of studying times are judged to be needed, and further-
more eflectiveness of technical cooperation during staying here is
alse judged to be prevented if.selection'stﬁdies of each structure
are started from the beginhing stage, _
Dams named GD-6 ahd LH-3, 40.dikes and 4.5 km of canél are
necessary to develop the upper reservoir with 19 km? of area, and

furthermore almost of all reservoir area is notable to be consisted

of marshy place and jungle,

() ham of GD-6

This dam is Jlocated at Ribeirao Grande, which is one
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tributary of Juguia River and is siluated at a little upstream
of the confluence with the upstream reach of Juquié River,

Dam axls is selected at the most narfnw river portion along
the river near by the;e. As Tor dam type; the semi~rockf1ll type
ig selected considering embankment wmatevials utilizable From
borrow areca. |

The crest length and. the height of dam are 486m and 48m
respectively, of which values are determined by freéboard study
from high water level the slopes of up and downstreams of dam
with 1:;2.3 and 1:2,1, respectively, are deltermined by means of
simplificd circle sliding metheod with safety factor of 1.8 of
which value is judged to be a little couservative even if this is
preliminary design stage so that smaller safety factor has to be
adopted after developwent of detailed calculation computer
program and iuvestigaéion of embankment material characteristics,
Foundation of dam is selected at the weathéréd rock line which is
determined by means ol seismic sounding procedure, but some
foundation treatment by routing is consdiered to be necessary
‘though rock characteristics are not enoughly confirmed fet.

. Free~flow tybe spillway with tunnel type shoot is'aﬂopted
because peak design Flood of 580 m3/s is small cbmpafing.witﬁ
reservoir area so that high water level by means of reservoir
fegulation study is 709,7m of which water level différénce from
the normal watér level is 1.70m, and because outflow discharge 1is
calculated as 40m3/s, the normal open type spillway is judged to
be more costful and unreasonable than the adopted type consider-
ing the remained soil being too deep and the good layout being
not designed. In case of tunnel type spillway, careful water
filow condition study is essential subject to that detailed study
is recommendable at the definite study stage.,

As described - in Chapter 3, as CBA has the viver utilization
right of Juquia River upstream of confluence with Acungui River,
the intake facility with gate of inflow is devised in the center
pier of spillway in consideration of compensation cost by the
hydroefectfic energy production decrease at CBA's Power Station,
and releasing facility plaoned to use the same tunnel ol sgpillway.

The upper and lower cofferdams, of which heights are

determined by the economical comparison with diversion capacity,
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are arranged at the inside of the main dam to make economized,

The diversion is layouted at the right bank with 3.0 n
diameter which is determined by minimizing total cost of divérsion
tunnel and coffervdams as mentioned above,

The design capacity of diversiorn is calculated by 25 years
return return period hydrograph with peak capacity of 88.4 wmd/s.

The deversion tunnel is planned to use lor the outlet works
with 2,0 m diameters after completion of construction,

The relevant preliminary designs of this dam are attached

in this report,

Dam of 1.H-3

This damsite is located at the most upstream reach with the
dréinage area and altitude of 5,4 km? and 670 m respectively of
5ao lourenco River to develop the upper reservoir;

There is unot tapographically any good damsite along the river
so that the complex dam type with semi-reckfill type i5 selected
by the nearly same consideration as Dam of GD-6, but the longi-~
tudinal section along the river is a 1itfle Steep, accordingly

careful design is to be executed tfo make the dam stable at the

. definite study stage.

The crest length and height of 345m and 40m respectively are
designed for this complex dam and the up and downstream slopes
are determined as 1:2.2 'and 1:2,0 respectively by means of rhe
same procedure as the case of GD-6 after making assumption of
embankment materiai characteristics through the field investi-
gat%ons.

Though rock conditions as fof dam foundation is not enoughly

investigated, foundation line is selected along the weathered

‘rock with seismic sounding velocity of 1,2 km/sec of which value

is judged to be eunough for this kind of dam height,

According to the field investigations, and some tested

results, the foundation rock is found to be a little cracky and

permeability is high at some portions along the dam axis so that
not ouly further foundation investigations are necessary but also
the foundation treatments with grouting including the saddle

portion are recommendable to keep water tightness of foundation,
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As Lhis daw is constructed for development of the upper
reservoir, the design flood is plaaned to be controlled at. Dam
of CD-6 so that any spillway faeility is not provided at this dam,

The heights of cofferdams are determined considering that
estimated 25 years return period hydrogrvaph with peak discharge
ol 12,6 m3/s is not big, accordingly, the diameter of diversion
funnel is better to be minimum cownstruction limit such as 2.0 m
and they are designed at a little outside of the main cdam to make
the dam stable because of steep viver gradient.

The diversion is leocated at the right bauk of dJdam to make it
economize and it is clear that there is not anf other layout
considering topographical conditions,

This diversion tunnel is planned to be utilized for the out-

1ot works with diameter of 1.0 m to make the reservoir water

empty at the case of emergency. Access tunnel to the outlet works

is provided for operation because of providing it being difficulr
in the diversion tunuel,

The preliminary design of this dam is provided in this reporec,

Dikes

As the reservoir area topographically consists of -complicated
piain and marshy place with lots of small hills of which geography
is understood to be characteristic of advanced aged one;.the little
more increases the water level, the more dikes become unavoidable
to keep reservoir water level, ‘

The numbers of dike are estimaféd as 40 sites around the

reservoir of which selection criteria are as followings;

Dike has to be provided in case that:(l) ground level is less
than 715.m and (2) section length higher than 712m of altitude
along the dike is less than 100 m, of which criteria are
determined considering neceséary seepage length and -3 m of

organic materials being deposited on the ground surface.

And designs of dike are preliminarily performed such as slope
stability io connection with dike height, sliding stability at
foundation and beafing stress and deformation of foundation
considering the relation between consolidating deformations and
times after assuming actual soil mechanic.characteristics of dike

itself and its foundation by means of field investigations and
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tested data,

According to these studies, slopes of reservoir side and
opposite side are found to be stable in case of 1:3.0 and 1:2.5
respectively when excavation depth 1s.bssumed to be 6 m and 10 m
For dike heights of less than 15 m and more than 15 m redpectively,

The results of preliminéry design arc shoﬁn that total length
of dike is 5 km, excavation volume 3.6 x 109m? and enbankment

volume 4,0 x L06m3 severally.

Canal

Connection beteen Ribeirac Grande and Sao Lourenco River with
canal in cage of low water level iy necessary to comnect the intake
with the main reservoir even if great dead water depth is adopted.

According to the preliminary design, canal length of 4.5 km
with 60m of inverr width and excavation volume of 6.3 x -100m3 are
necessitated and excavation slope is adopted ‘as 1:1,5 for soil
portion, _

As pasSing'afea of canal is almost consisted of maréﬁy place
accofding to field investigations, construction procedures and
pfotection devices. for slope sliding such és stone pitching
cévered with‘mésh are important subjects for this canal so that

careful design has to be performed,

Pondage Type Upper Reservoir

As described already, that the upper reserveir is consisted
of marshy place and jungle, cleaning of all reservoir area is that
most important matter to keep the water clean and compensation is,
what is worse still, to be payed for hydroelectric energy producticn
decrease at CBA's Powér Staticons when the water is supplyed from
the upper basin,.

In case of the former subject, cleaning unit price including
cutting down and rembﬁihg their roots at the marshy place and the
denge jungle is estimated as US$ 3.5/m2, and furthermore surflace
excavation is necessary heéause of organic materials being
deposited.

When pondage type upper reservoir is considered for this re
reversible power station and the water is dirvectly supplyed through

pump station and pipeline frow the lower basin, the construction

— 209 -



(111}

cost of upper reservolr ig judged to be competitéble so that the
pondage type rescrvolr is plamned as alternative, but this idea and
the adopted plan and or other many plans-of upper basin have to be
compaved taking several factors such as construction cost, hydro~
electric loss, ecological view points, and so on into considerations,
and then the best solution must be selected.,

The pondage type reservoir is consisted of concrete facing with
transition at the all avound slope of 1:2.0 which is constructed by
excavation and or embankment, and concrete anchor having drainage
systen is provided at the basement ol concrete facing,

To secure the necessary reservoir capacity, excavation at
bottom of the pondage is executed at least until weathered rock
being exposed in accordance with topographical and geological
conditions, and excavated surface is plammed to provide soil-cement

spraying to decrease the leakage because exposed weathered rock is

"somewhat cracky considering the field investigations and investigat~

ed data at bamsite of LH-3, Also utilizable excavated material is
used for embankment of the surrounding bank,

Two intakes for the reversible power station and the pump

station of pipe line are installed as shown in the attached

preliminary deéigns in this feport.
Finally, this pondage type reservoir is earnestly recommendable

to be studied further to get the most economical solution.

Power Structures

As for selection of the best route for the waterway of this
power station, four alternétives with 4 units~1 tunnel system are
preliminary studies as shown in Appendix-B and the alternative-2
is finally selected for more detailed studies after many kinds of
considerations, _

_ In parallel.with the above mentioned studies, demand énd supply
plan studies of ‘electricity and water supply sectors are carried
out and the 3 units-l tunnel totally 9 units with 2,835 MW output
capacity system is selected for the training of counterparts, of
wihich scale is determined taking into considerations of peak
generation hours in the end of economical years, necessary pumping
up discharge in the same year, construction procedures in accordance

with construction schedule, reliabilities of operation and
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maintenance viewpoints and so an..

Accordingly the following system is consisted, namely; 3 lines o
of headrace tunnel with 3 surge tanks, 3 and 9 lines of penstock
with branch at the middle step portion, power house of 3 main
units with 1 erection bay system, transformer room of 1 transformer
for 3 main units with 9 draft gate roomsg, 9 lines of steel lining
draft tunnel, 3 lines of tailrace tunnel with 3 surge tanks, access
tunnel, open type switchyard, cable tunnel with ventilation duct,
elevator shaft for mainly maintenance and operaltion and other
facilities.” As for the determination of layout on the power
structures, three alternatives are selectéd for the economical
comparison and preliminary compariéons studies are carried out
agsguming that construction costs of infake,_power house, ‘transformer
room, draft tunnel, tailrace surge tank, outlet, switchyvard, and
other additional facilities are not changeable.

Main dimentions and construction costs of each alternative

are as follows:
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'Typically, alternative ~ T is as same as the final layout which
is described hevelnunder, alternative - i1 is that power house is
moved to dowstream side so that middle step length of penstock is
long as 700 m and alternative - TT1 1s that power house is cxtreme-
ly moved to upstream side, therefore middle step of peﬁstock and
headrace surge tank are neglected.. And it is to be remembered that
calculation procedures of each structure are unified,

Finally, altérnative ~ T 18 judged to be most reasonabie for
this power structures considering geological condition, construction
procedures, easiness of maintenance and operatiéon and so on includ—

ing estimated construction cost and oil-filled cable cost,

Tntake

Horizontal type intake for normal upper reservoir is designed
considering topographical conditions and the fore-bay of intake is
connected with canal which is described already. 1In case of ﬁondage
type reservoir, morning.glbry type with 55 m shaft is designed
aiming at descreasing dead water volume and considering structural
and hydraulic conditions.

Intake gate is provided at a little downstream [rom the intake
for_mainténance of headrace tunnel and penstock, as for the gate
type, roller gate with gate shaft is installed for the former case
and bonnet type gate with access tunnel for the latter as results

of economical comparison study,

Headrace Tunnel

Diameter of headrace tunnel is determined by means of

economical diameter estination procedvyre for reversible power

‘station, Headrace tununel with reinforcement is necessary to be

grouted because foundation rock along the tunnel is supposed to be

cracky according to the field investigations.

Headrace Surge Tank

At the end of headrace tunnel, chamber type surge tank with
port is designed, of which type is usually economical and stable
for surging oscillation, The access tunnel is provided at a little

downstream of surge tank for constructions of headrace tunnel,

‘surge tank awd penstock, maintenance and inspection and drainage

— 213~



{4)

system of headrace tunnel and surge tank and drain system with valve
and steel pipe is in stalled to make the water of headrace tunnel

enpty when necessary.

Penstock

Emhedded type penstock starts {rom the above mentioned surge
tank and eands at the wmain valve of pump-turbine, Feconomical dia-
meter distributions of penstock are estimated utilizing the sane
procedures described in term of headrace tunnel and considering
coustruction proéedures.

The lower bvranch location is usually benefitial but its
location is selected at the middle step of penstock considering the
Iimit of steel thickness, Qualities of steel pipe of HT~60kg/mm2
{high tension steel) and HF - 80 kg/mm2 classes ave adopted and the
maximum thickness of the former is limited as 36 mm accounting
welding capability. For designing of penstock steel, transfering
rate to the rock of internal pressure including water hammer is,
as a matter of course, éonsidered to make economized because rock
characteristics are judged to be encugh to execute so, elastic
modulus coefficient of plastic deformation and design criteria of
rock ave assumed as followings:

Flastic Modulus 50,000 kg/cm2 at the upper part

' 75,000 kg/cm? at the lower part

Coefficient of Plastic Deformation

0.3 for the normal case
0.5 for the critical case
Safety VFactor oflﬁlastic.Modulus
2.5 for‘the normal case

7.5 for the critical case

(Nore) For the normal case, allowable stress is adopted but
for‘ﬁhe critical case, elastic yield point is allowed
and bigger thickness between two cases are adopted as
design thickness., Also, minimum and surplus trhickness

of 2 mm are considered for designing,

At a little upstream of branch portion, the access tunnel is
planned for construction and drainage system, and also drainage

system along the penstock line is considered to decrease the
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(6)

(7)

éxternal water pressure,
Stress analysis by the external water pressure 1s to be

studied from now on.

Underground Power house and Transformer and Draft Gate Room

The dimensions of power house are deteriined after arranging
with electric-mechanic side, According to the [ield investigations,
RQD (rock quality definition) is assumed to be more than 75% because
of 470 m underground, but concenlrated crack direction and sone
fault zones with same dirvection are preéuﬁposéd along the waterway
s0 that side wall with rock bolting system 1is designed, though this
idea may be a little conservative.

fn the power house, one erection bay For 3 main unit, tetally,
3 ervection bays are designed taking accounts of construction
procedures of step by step énd maintenance viewpoints,

As for the transformer room with draft gate room, three units
of main transformer, starting convertor_and_stérting transformer
and 9 units of draft gatelare”provided in it and three lines of -
buss tunnel are constructed to connect with the main transformers.

There is not any information on the rock . conditions around
these structures so that geological and rock mechanical investi-

gations are quite important to determine these structures in detail.

Draft Tunnel

Steel lining draft tunnel with 9 lines are designed to provide
the draft gate, which is utilized for maintenance and inspection of
pump~turbine and relevant mechanic equipment, and to keep water

tightness of draft tunnel,

Tailrace Surge Tank

Tailrace surge tank is provided at the branch location, of
which surge tank is designed as.the same idea of headrace surge
tank excepting differences of sutrge chamber type and installation
of air-vent. The former is consisted d[.uppgr and. lover chambers
of tunnel type considering differences of normal and lower water
levels, economical and stable structures, relatien of three tail-
race tunnels and construction procedures. The latter is connected

with the cable tunnel because very rare type surge tank namely, air
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cushion tvpe surge tank has to he designed if the alr-vent is not

provided.

Tailvrace Tunnel

The tallrace tunnel is designed just as the same procedures

with headrace tunnel,

Qutlet

structure of outlet is desigued as horizontal type and roller
tvpe gate with. gate shaft is installed.

The fore-bay has to be excavated to keep necessary reservolr
depth and hydraulic phenomena are also considered, of which fore-
bay is connected with canal,

As this outlet is located at the end of back water of lower

. reservoir, so called sabo-dam is provided just at the ﬁpstream‘

from the outlet location for fear that sedimented materials is
deposited during operation periods, The sedimentable capacity by
sabo~dam is 0.9 x 10% m3 of which amount is corresponding to 50

vears life,

Switchyard and Cable Tunnel

The switchyard is selected as open type with dimensidn of
130m x 210m .at altitude of 415m in which the main building for
operation, office and so on is provideﬂ and also some space for
vyecreation and or éportS'is constructed nexting to the switghyard
by means of utilization.of somehow flat place,

The inclined cable tunnel is desighéd to connect the‘0F~cable
betwecen transformer and switchyard; of which.tunnel is'planned to

be also used for air ventilation.

Access Tunnel, Elevator Shaft and Road

-Two kinds of access route are designed, namely, the former is
mainly used for transportation of many Rinds of equipment and
materials, the latter is desipned as the elevator shaft for mainte-
nance, opération and emergency exit and also air ventilation using
the spare space is planned.

The main access road is te be constructed from the federal

road of BR-116 to the access tunnel along Sao: Lourenco River,
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Many other access roads are plﬂnned:by means of mainly inprove-
ment of the existing forest roads from 600 m.downstream of the
ourldt._ These roads are connected to the switchyard, the elevator
shaft, the construction tunnels and the upper reservoir.

The preliminary designs of power structures are atltached in

this report,

(1v) Lower Reseryvoir

Damsite of LI-2ZA to develop Lhe lower reservoir is located at 9
km downstream of the power station,

Several damsites are selected to make preliminary comparison of
the construction costs of dams inciuding concrete type dams and other
related main structures and the damsite is finally determired.

Dam axis is located at the narrow valley of beth banks being
protruded just downstream of wide valley which is necessary to secure
the necessitated reservoir capacity, '

This reservoir is consisted of gross'caéacity being 173 x 100m3
in which effective capacity is only 99 x 10Pm3.

The pump station called EE-8A with capacity of 134 MW is provid-
ed at the left bank neighbouring to the dam,

The preliminary designs of the dam, relevent structures and pump

station are shown in this report.

(1) Dan

As for dam type, curved rock Fi11 type dam is selected
coﬂéidering topographical and geological conditions, (rest length
and dam height are 570m and 100m respectively, the slopes of both
sides are deteermined as 1:2.3 and 1:2,1 for up and downstreams
respectively using the same calculation critervia described already
after assuming the charactevistics ol embankment materials by means
of the field investigations.

Thoﬁgh any geclogical investipation is not executed at this
daméite, rock is exposed at river - bed but remained scil depth
is anvicipated to be deeper in accorvdance with altitude. being
higher, so that the excavation 1imit for dam is assumed to be 1,2
km/see of seismic speed, According to exposed rock conditions
composed of quartw-schist, rock characteristics is judged to be

fairly good but some foundation treatment with grouting may be
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neceasitated to improve the watertightness of foundation,
urchermore, as the water depth from the foundation iz 25m

at the downstream, careful study on the dam and foundation stabili-

ties is quite recommendable, For one of this purpose, welghting

zone with concrete wall at the downgtream of dam is provided and

this space is planned to utilize for the switchyard of pump station

SpiLllway

Spillway with 2 radial gates is designed at the right bank
neighbouring to the edge of dam, Dimension of gate is determined
to be the same water level as the normal water level of reservoir
by the gate operation, and reservoir regulation for the given 1,000
vears return period f£lood hydrograph and finally the water level
is kept at the normal water level after passing the flood by means
of éate operation,

Roller type dissipator is adopted as of which type is con-
sidered té.be ﬁhé most effective type, taking account of deep water

depth at the downstream and relation among other structures,

Cofferdams

Height of the upper cofferdam is decided by means of the
déonomical compar isons with diversion tunnel as already mentioned
procedures. - Axis of the upper cofferdam is determined aiﬁing at
reinforcemént of dam by supplying the weighting zone,

The lower cofferdam is consisted of concrete wall with ewbank-
ment of which location is selected at:600m downstream from Ehe dam
axis, because structures rel ted to'thé intaké of pump station, the
dam and the spillway are necessary to be constructed as shown in
the preliwinary designs, The concrete wall after removing the
embankment is planned and designed to be used for the intrusion
protection of sedimented matefials'to the intake from the down~

g¢tream during pump operation,

Diversion Tunnel

The diversion tunnel is layouted at the right band, of which
diameter is determined by the already mentioned procedures., After
the functien of diversion tunnel, almost of all the tunnel is used

for the below mentioned outlet works,
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(5)  Outlet Works

Morning glory type 1ls designed for intake of outlet works

near the intake of diversion tunnel.

The valve and pipe line of

1.,5m are adopted for the gutlet works the former with operation

chamber if provided at the end of diversion tunnel considering the

easiness of operation,

Main dimensions of Sao Lourenco Reversible Power Station are

shown in Table 1II-7.2.

TABLE III-7.2: MAIN DIMENSIONS OF SAO LOURENCO REVERSIBLE

POWER STATION

Description Unit Dimensions.
1. DRAINAGE ARFA
. GD-6 km? 58,0
. Li-3 km” 5.7
LH-2A km? 142.0
. Average inflow at GD-6 m3/s 2.26
. Average inflow at LH-3 m3/s 0.34
. Average.inflow at LH-2A m3/s 4,38
2. RESERVOIRS
. Upper Reservoir (LH-3/GD-6)
~ High water level m 709.70
- Ndrmal water level m 708,00
-~ Deéigﬁ water level ™ 706.00
— Low water level m 702.60
— Effective volume 10003 89.2
. Lower Reservoir (LH-2A)
~ High water level i 153.00
- Normal water level m 153.00
- Design water level ™ 145.00
~ Low water level m 130.00'
~ Effective volume 106m3 99.2
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TARLE 171-7.2 (cont.)

Deseripbion Unit Dimenﬁions
3, PUMPING AND GIENERATION PLAN
., Gross head m 561.0Q
, Effective head m 525,00
. NMumber of units 1 9
. Dutput capacity per unit M 315
, Maximum output MW 2;835
, Unit discharge m3/S 70,0
. Maximum discharge m3/s ‘630.0
&, STRUCTURES
Dam of GD-6
~ Type - semi~rockfill
- Crest length m 486
~ Height m 47
Dam of LH-3
- Type - semi-rockEill
- Crest‘iehgth m 335 ‘
- Height m _40
. Dam of LH-2A
- Type - semiFtéckfill
- Crest length m VS?O
- Height m 101
intake
- Type - Horizontal type
—_Gg;e type - Rbller.type with
stdpwlog
- Cate gquantity - 3 .
. Outlet -
- Type - Horizontal type
- Gate type - Roller type with
stop—log
- Gate quantity - 3
. Headrace tunnel
— Type - .:preséure type
- Length m . 840 ..
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CALGLE T1T-7.2 (cont.)

Description _ Unit Dimensions
- Diameter m 3 x 6.90
Penstock
- Type - embedded type
- Length m 1,080
- Diameter m 3 x 6,20 9 x 2,80
Draft tunnel
- Type - Steel lining type
- Length m 163
~ Diameter m 9 x4.89 x 4,0
Téilrace tunnel
- Type - pressure type
- Length m 2,280
— Diameter m 3 % 6.90
Headrace Surge Tank
H.Type - port type with
chamber

Tailrace Surge Tank
- Type . - port type with

' chamber
Power house
- Type - underground
~ H X BXL it 41 x 25 x 2990
Tranéformer room
- Type - underground
- HXBXL n 16 x 18 x 285
Switchyard 
- Type . - normal open type
- Aréa mE: 25,000

Pump Station of TE-8A

Pump station with pumping-up capacity of 4 units x 33,5 MW = 134

MW and necessary maximum pumping-up discharge of 126 w3 /s in yeéar 2040

is provided at the left bank neighbouring to Dam of LH-2A.

Intake is located just downstream of dam which is connected with

2-lines pressure tunnel.
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pressure tunnel is divided into 2 lines each for steel lining
dvatt tunnel with branch and the draft gates with draft gate room are
provided on the way to the pump housea,

The pump house 1is designed as underground type with relation to
the topographical condition, of which dimensions are determined under
discussions with electric and mechanic side.

The pumped up water is conducted to the upper reservoir through 4
lines at firvst and 2 lines of embedded of penstock plpe., At the end
of penstock, outlet with gate is provided,

Access to the pump house and draft gate room is tunnel type which
is planned also to be used for power cable lines. In front of the
portal of access tunnel, the switchyard is designed on the weighting
zone of the dam,

Yor the ventilation, vertical shaft by means of drilling is plan-
ned at the mountain side of pump house,

The preliminary designs are attached in this report.

The main dimensions of Pump Station of EE-8A are éhown'Table

1T1-7.3.

TABLE IT1-7.3 — MAIN DIMENSTONS OF PUMPING STATTON
OF EE-BA

Description ' Unit Dimensions

1. DRAINAGE AREA
. LH-1 (lower reservoir) km? o 363.0
. LH~2A {upper reservoir) km? ' ) 142.0

2, RESERVOIR _
. Upper Reservoir (LH-24)

- High water lavel m 153,00
- Normal water level _ m 153.00
- Design water level m 145;00
—~ Low water level m 130,00
- Effective volume 10603 99.2

. Lower Reservoir (LH-1)
~ High water level m

-~ Normal water level - m _ 78,00
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TAR

LE 1¥1I~7.3 {cont.)

s

PO

3.

Description Unit Dimenéions
~ Design water level m 71.00
- Low water level m 58,00
- REffective volume 106m3 300

PUMPING PLAN

., Gross head m 74,00

. Effective head m 77.00

. Number of units . 4

. Installed capacity per unit M 36.5

. Total installed capacity MW 146.0

, Unit pumping capacity no /s 0.0

. Maximum pumping capacity m3/s 160.0

4,

STRUCTURES
. Intake
~ Type
- Gate type

- Gate quantity
. Qutlet

- Type

- (Gate ﬁype

~ Gate quantity
. Tailrace tunnel
- Type
~ Length
~ Diameter
. Draft tunnel
- Type
— Length
~ Diameter
. Penstock

- Type

m

nt

Horizontal type
Roller type with
stop log

2

Horizontal type
Roller type with stop

log

pressure type
450
2 % 5.30

steel lining type
50

4 x 3.8

embedded type
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TABLE [TT-7.3 (cont.)

Description  Unit Dimensions
- Length m : 173
~ Diameter m 2 x 4,50

. Pumping house
-~ Type - underground
- HXBXL m ' 32 x 16 x 84
Switchyard
- Type - ‘Normal ocepn type
- Area m? 3,600

7.2.3 Pump Station of Pipe Line

This pump station is planned as other alternative using the
pondage type upper reservoir as described already.

The layout of pump station is attached in this report but that
of pipe line is under designing,

Total head including loss head and water head differences for
29 km pipe line is estimated as 190 m so that 6 units. of puﬁp'witﬁ
55.8 MW each are ﬁlahned under the ground in connection with topo-
graphical conditipn and ‘geological condition which is supposed to be
weathered until déep part near the pump structures, Accordingly,
geological invcstigations‘are guite required,

Three morning glory type intakes with 35 m vertical shaft wafér—
way are de81gned in the poadage type reservoir,

Other structures of this pump station are more less as the same
as the pump station of EE~8A in ideas and or design procedures. The
different structures are as follows; access tunnel'to pump house and
power cable tunﬁel are separately designed in considefation of venti-
lation system and making shorten the power cable tunnel, |

Drainage gallery system around.pump house, draft gate room is
also used for this purpese, is planned because the ground water level
is supposed to be high according to the field investigations,

The most economical diameters and line numbers of the pipeline
are studied considering operation commencement'years, energy consuption
year by year, construclion cost of pipe line dincluding foundation and

annual equalized rate, and the results of study are shown that 3 lines



with 3.90 m diameters case is judged to be most economical,
According to the pipe lines, the foundation conditions of the
gelected route are éupposed to be almost covered with soft soil and
to he deep to the éound and or rock foundations so that soil mechanic
investigations are recommendable to be carried out for selection of
‘support types of pipe line,
The main dimensions of pipe line type pump station are indicated

in Table ITI1-7.4,.

TABLE TTi-7.4 - MATN DIMENSTONS OF PIPE LINE
TYPE PUMP STATTON

Pescription Bnit Diimensions

1. RESERVOIR

Lower Reservoir (pondage type)

- Area of pondage km? 3.2
— High water level m 717.5
-~ Design water level m 710.0.
- Low water level m.: ' ' 695.0
- Effective volume | 106m3 73.0

2, PUMPING PLAN

. Gross head m 1
. Effective head . m 190
..INUmber of units i : - 6
. Installed capacity per unit oMW 60
. Total installed capécity MW 360
Unit pumping capaciry C m3/s ' 27

. Maximum pumping S omdfs 162

3, STRUCTURES
. Intake
- Type - moraing glory type

. Tailrace tunnel

~ Type : - pressure type
-~ Length m 180
- Diameter m 3 x 4.0
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PABLE II1-7.4 (count.)

Nescription Unit . Dimensions

Prafr Gate
- Gate type - Bonnet type
—~ Gate gquantity - 6

Draft Tunnel

- Type = steel lining type
- Length : m 45

~ Diamater m 6 x 3.0

‘Penstock

— Type - embedded type

-~ Length n ' 160

~ Diameter n 3 x 3.9

. Pipe line

- Type - steel pipe line
- Length km 29
- Diameter n 3 x 3.9

. Pumping House _
- Type _ - . uhderground
~-HXBXL B mo 36 x 18.x 125

. Switchyard .
- Type | . m normal open type

- Area m © 4,900

7.2.4 Cubat3o Compounded Reversible Power Station
(1} Upper Reservoir

As for the ﬁpﬁer reservoir of this power station, the existing
reservoirs of Billing and Pedras of which reservoirs are connected
by Summit Control with the gate are planned to be utilized, The
above mentioned effective reservoir capacities are 1080 x 100m° and
16,5 ].C?(’m’j respectivety and these reservoirs are simul taneously
used f[or Cubatio Power Stations | and 11 of which gencration

capaclities are 460 MY and 420 MW respectively,




(11)

(1)

(2)

Power Structures

- As for the layout selection of the power structures, the
locations of intake and outlet structures are limited, namely, the

former is to be selected considerving rhe shape of Pedras Reservoir,

‘the relation with the intake of Cubatio Power Station — 1T and the

topographical conditions, and for the latter, rhe location of Jower
dam site 1s limited by means of the topographical conditions and
other existing structureé such as the intake dam for the water
supply owned by SABESP (Companhia de Sancamento Basico do Estédo de
840 Paulo) and the highway bridge of State Road - Rodovia dos
Imigrantes ~'SP—160, achordingly, the route of water—-way and the
location of power house have to be selected taking into consider—
ations of the geological contions and the relations of each
structure, But there is not enough geological data excepting those
of Cubatao Power Station -~ 11 so Ehat the layout of power structures
selected considering only the relations of each structure, ‘There-
fore, the layout of power structures is recomnendable to be re-
considered referring the results of geological investigatiéns.

The generation capacity is selected as 2,400 MW with & wain
units, considerihé ﬁﬁe reservolr capacity of Pedras. Accordingly,
the following system is planned, namely, 2, 4 and 8 lines of penstock
with the branches at the ﬁiddle and lower step portions, the power-
house of 4 main units with 1 erection bay each, the transformer room
of 1 transforher for 2 main_units each with 8 draft gate rooms, 8
and & lines of steel linihg'draft tunnel with 2 surge tanks, 2 lines
of téilfaée tuhnel,:access tunnel, open type switchyard, cable
tunnel with ventilation dhct, elevator shaft and tunnel for mainly

maintenance and operation, and other facilities.

Intake -

The horizontal type intake with the fore-bay is designed
constidering the topographical and reservoir conditions, and the
roller type gate with vertical shaft is installed at a little

downstream of intake for the maintenance of penstock.

Penstock

The embedded type penstock is designed between the intake

and’ the main-valve of pump-turbine, The econowmical diameter
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(3)

(4)

()

(6)

Py
=~
~—

distribution study of penstock is performed in accordance with the
game procedures mentioned already. The location of branch portion
is adopted as the same 1dea as the normal_designing, but the
detailed designing of penstock is to be perfbrmed considering the
same procedures as mentioned in the power'strhctures of Séo

Lourenco Reversible Power Station.

Underground Tawerhouse and Transformer Room with Draft Gate Room,

“The dimensions of power house and transformer room are’
determined after arranging with electric-mechanic works.
Considering the geological conditions of Cubatﬁo'Power Station -
Ti, the geological conditions are judged to be fairly excellent,
but the special considerations are not performed because of the
time shortage for study.

In the power house, one erection bay for 4 main units,

totally 2 erection bays are designed accounting the step by step

construction procedures and maintenance view points. As for the

transformer room with draft gate room, 4 units of main transformer,
starting converter and starting transformer and 8 units of draft
gate are provided in it, and 4 lines of buss tunnel are designéd
to connect with the main unit,

Draft Tunnel

The steel iining draff tunnel of 8 and 4 lines with 2 branch
portions are designed to install the draft gate vhich is used for
maintenance and inspection of pump-turbine and so on and to keep
watertightness of the draft tunnel.

Tailrace Surge Tank

The railrace surge tank is designed as the same idea as that

of Sao Lourenco Reversible Power Station,

Tailrace Tunnel

The diameter of tailrace tunnel is designed in accordance

with the same procedures mentioned already.

Qutiet

The horizontal type ‘outlet structure with the roller gate
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accompanying with the vertical shaft at a lictle upstream is

provided cousidering the necessiation, of [ore~bay structure,

(8) Switchyard and Cable Tunnel

The switchyard is selected as rhe open type with the
dimension of 90 m x 220 m at the altitude of 225 m, where the
main building for operation, office and so on is provided,

The inclined cable tunnel is designed for the UFHcabie and

also air ventilation.

{9) Access Tunnels to Power house

The approach to the project site is very convenient because
of the existing roads being already provided,

Two kinds of access route are planned to the power hoﬁse
that the one is mainly for transportation of equipment and
materials and the other is the combination route of tuanel and
elevator shaft for maintenance, operation and- emergency refuge.

The preliminary designs of power structures are attached

in this report,

(I1I) lower Reservoir

The dam site to devélop the lower reserveoir is located at 4
km upstream of Cubatac River from Cubatao City.

The dam axis is selected considering the lavout of dam and
'ﬁhe relevant and existing structures,

The preliminary designs of lower reservoir are shown in this

report,

{1} Dam

As for the dam type, the curved semiroekfill dam with
blanket is selected‘considering the dam foundation condition of
which depth of alluvial deposits is assumed to be more than 40 m
and the crest 1eﬁgth and height of dam are 610 m and 38 m re—

spectively,

(2) spillway

The spillway with gate is designed at the right bank

neighbouring to the dam, The dimension of gate is determined
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taking account that the design [lood of 1,000 years return period
igs to be safely overflowed and the_released discharge on the 200
years hydrograph 1s to be less than 650'm3/5 by means of gate
operation for the downstream flood control,

The horizontal stilling basin type of dissipétor is adopted
considering the downstream river condition, of which design

capacity is 650 m3/s as mentioned above,

(3) Temporary Diversion Conduit

According to the temporary diversion conduit system during
the construction of the dam and the relevant structures, the so-
called half river diversion procedure is judged to be reasonable
because of the long dam crest length, the fairly flat river bed
and the big deéigned discharge such as 527 m3/s which is éorres—
ponded to the peak discharge of the 25 years relurn period
hydrograph.

On the construction procedures,.the righ bank side structures
are constructed diverting the flow discharge to the left side by
means of the excavated canal and the cofferdam, and at the second
stdge, rthe flow dischafge is diverted to two conduits constructed
under the spillway, the one of which is plugged and the other
utilized for the installation of outlét'wdrks, and then the left

side. embankment of dam is executed,

{4) Outlet Works

The outlet works with the valve of 1,0 m is planned to be

installed at the conduit as meutioned above,
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rABLE IT1-7.5: MAIN DIMENSIONS OF CUBATAO COMPOUNDED
REVERSIBLE POWER STATION

L.

Z.

Description Unit Dimensions
DRAINAGE AREA
. Billings Reservoir km2 377.00
. Pedras Reservolr km2 30,00
Cubat#do Reservoir kmz 128.60
. Average inflor at Billings
— Natural inflow m3/s 11.4?
- Pumping up m3/s 58.80
. Average inflow at Pedras m3/s 1,30
. Average inflow at Cubatio m3/s 9,38
Reservoirs
. Upper Reservoir of Billings
- High water level m 747.00
-~ Normal water level m 746,50
-~ Desipgn water level m -
- Low water level i 728.00
~ Effective volume lOGm3 1,080.00
. Upper Reservoir of Pedras .
~ High water level m 728.50
- Normal water level m 728,00
- Design water level m 727.50
~ Low water level m 726.50
- Effective volume 106m3 10.00
Lower Reservoir of Cubatao
- High water level m 35.00
- Nbrﬁal water level » 33.00
—'Design water level 1t 31.50
- Low water level n 29,00
- Effective volume lObm3 9.20
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TABLE T11-7.5 (Cont. )

Description Unit Dimenslons
k3_G 1; NERATION PLAN
Gross head m 696.00
Lffective head m’ 671.00
. Numbér.of units - 8
. Output capacity per unit MW 300
. Maximum output MW 2,400
Unit discharge m3/s 53.00
ﬁaximum discharge mB/s 424,00
4. STRUCTURES
Intake
—~ type - Horizontal type
- Gate type - Roller type with stop-log
- Gate quantity - 2
. Penstock
- Type - Embedded type
- Length m 1,420
- Diameter m 2x6.00, 4x3.50, 8x2.40
. Draft tunnel
- Type -  3§881 lining type
- Length m . lB0.0b
- Diameter. m 8§ x 4.00, 4 x 5.20
, Tailrace tunnel
- Type - Pressure type
- Leﬁgth m 1,665
- Diameter m 2 x 7.00
. Tailrace Surge Tank
= Type - Port type with chamber
. Power house
- Type - Underground
- HXB XL n 42.80 x 25.00 x255.00
. Transformer Room
- Type - Underground
~HEB XL ‘m 16.00 x 18.00 x 215.00




TABLE TIXL-7.5 (Cont.)
e

Description Unit Dimensions

. Swi'tchyznfd
~ Type - Normal open type
~ Area mm 19,800

7.3 Preliminavy Design of Electric and Mechanic Works
7.3.1 EBlectric Machinery
(I) Sdo Lourenco Reversible Power Station
(1) Selection of Main Unit

S@o Lourenco Reversible Power Station consisting of main
poiht of Juquia System is planned as normal effective head of 525 m
with availlable discharge of 630 m3/5 at the same condition. OQutput
2,835 MW of power station is judged to be reasonable iﬁciuding
efficiencies of pump—turbine'and generator-motor, in case of that
technical innovations in the ages of 1990 when this power station
is being taken into construction.

Adequate unit numoers matchlug to this output capaCLty are
neeessary to be selected Generally speaking, in case that the
bigger unit capaclty is adopted, whole construction cost including
both of electric-mechanic and civil engineering costs has tendence
to be more economical, so that the unit capacity is advisable to be
determined as the most benefltabie one, considering the above
mentloned economy, equlpment manufacturlng limit, installation
results, limitation of transportation and harmony with power
system and so on. |

In case of this power station, 8 - 12 units plan is most
adequate in view of equipment manufacturing limit and'ﬁhicheﬁer
units plan being to be developed within the limits of the above
menLloned unit numbers. On the other hand, development procedutes
of 3 or 4 units system with 1 tunnel are most advisable'censider—
ing viewpoints of civil works. :

Accofding to foreeast result of electric demand and supply,

3 units operation commencement each year, (3 units operation
commencement in 2 years at the first stage), namely, step by etep

operation commencement in case of this power system is found out
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to be most advisable.

From the above mentioned viewpoints, unit numbers of 9 are
selected under whole considerations that'the above mentloned unit
numbers ave not unreagsonable from view of manufacturing, Timita-
tion of transportation, installation results and -so on, and
furthermore these numbers are economically benefitable. Accord-

~ingly, each unit capacity is selected ags 315 MW and total ocutput
of this power station is 2,835 MW. Each unit cohsists of the
compositions with 324 MW vertical shaft, Francis type reversible
pump-turbine, 350 MVA synchronous generator-motor and 1,050 MVA
main transformer.

The compositions of main units are indicated in Table

117-7.6

TABLE II1-7.6 - Compositions of Main Units of SHo Lourenco

Reversible Power Station.

Ttem Unit Description

L. PUMP TURBINE
. RYPW _ vertical shaft.

. Francis type reversible

ﬁumpmturbine

. Number unit 9: '

; Tqrbine Rating
- Gross head

Maximum m 578.

Normal : m 561
Minimum ' mo 549

- Effective head

- Maximum m 558

Normal m 525

Minigum £ 516
- Diécharge m3/s 70 at normal effective head
~ Output MW 324 at normal effective head
- Revolving speed rpm 450
Pump Rating .
—~ Pump head

Maximum . m 585
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2.

L— ..

JABLE 111-7.6 {(Cont.)

Ttem Unit Pescription

- Minimum m -__"#362 o O
- Pumping discharge

Max Lmum m3/s %4 at minimum pumping head

Minimum m3/s 48 at miximum pumping head
- Maximum pump Input MW 340 at minimum pumping head

and maximum pumping dischatrge

~ Revolving speed Tpm 450
GCENERATOR MOTCR _

. Type vertical shaft, revergible
synchfbnbus generator motor
of totally enclosed cociihg
air circiut with surface air
coolers. Forced air cooled
using mofof driven fahg.

. Number unit 9

. Generator Rating

- Qutput MVA 350
~ Voltage Kv 18
- Power factor 4 90 (lagging)
- Frequency Hz 60
- Revolving speed tpi 450

. Motor Rating

- Output M 340
- Voitage | Kv 18

- Power factor A 100
- Frequency Hz 60
- Revolving Speed rpm 450

. MATN TRANSFORMER .

- Type split type, 3-phase, indoor

. Number unit 3 _

. Capacity MVA 1,050

. Voltage Kv 18/460

.‘Frequency Hz 60
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TARLE 11f-7.6 (Count.)

Item Unit Description

4.

PUMP STATTON TRANSFORMER

(include pipe line station)

Type

Number

Capacity
Voltage

Frequency Hz 60

1 - phage

unit & {L... reserve)
MVA 230

Ky 460/138

(2)

(3)

Power House

The power house is located under the ground, and is
consisted of machine hall aund transformer room which is commonly

used for draft gate room. 9 units of pump-turbine, generator-

motor, other auxiliary equipment and circuit breakers of power

system parallel for genevator main circuit and so on are installed
in the power house with width of 25 m and length of 270 m, and
Euithefﬁdre 2 units of 300 toa overhead travelling cranes are also
insfalled in it.

Concerning the assembly hall, 1 dssembly hail for 3 units is
planned to be set up considering operation commencement of 3 units
each year being plénnéd; némélf, more less 3 units béing
installed as equipment installatibn'séhedule, maintenance gsafety in
accordance with crane operation and so on. |

The transformer room being commonly:utilized for draft gate
room is designed as width 6f.18 m and length of 250 m taking into
consideration of transportation, assembly, maintenance space and sc
on. . |

3 units of main tramsformer, 3 pairs of starting equipment

(starting transformer and starting static thyristor converter)

are distributed in this transformer and draft gate room.

Main Circuit and 460 KV Switchyard

(2) The main single line diagram for this power station is
shown in Figure 11I~7.26

(b) As this reversible power station is underground Ctype and
also high speed and large capacity machine, the following

considerations are payed considering economy and reliability.
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(h1)  Pump starting method is adopted as low voltage synchronous

parallel by thyristor starting. Thyristor equipment ig
distributed with 3 pairs totally 1 pair to 3 units and is
aimed at the ifmprovement of reliability by connecting each
other. Accordingly, cowbination system with synchronous,
starting method Is not especially adoptednhecause of being

accompanied with complication of contrel,

(b2) As for circuit breaker of power system parallel being

followgd by low voltage synchronous parallel method,
circuit breaker of SF6 gas with the excellent interruption
ability of large currents is utilized. This 5Fg gas type |
is utilized for change disconnecting switch of generator
and pumping. Utilization of these SF6 gas type is

accompanied with reduction of equipment.

(b3) As main transformer has its high reliability, 1 pair

transformer to 3 generator-motor units is arranged to

reduce- the installing space.

(b4) TFrom the results of mentioned above (b2):

{c)

(d)

a. 18 KV low voltage starting transformers are installed
in exchange for 460 KV extra high voltage starting
transformey, so that space is veduced and also
reliability is impfbved.

b. Main transformer is cut off at the time of speed up
oflgenerator, s0 that over excitation of transformer

is no feared.

As distance between the underground main transformer room
dnd'switchyard of 460 KV is 1 km in relation with topo-
graphical condition,.oil filled.cable between them is planned
as cable to reduce the cable tunnel section area.

460 KV switchgears is planned as GIS type (Gas Insulated

‘Substation) of which type is that whole switchgear equipment

including main bus is insulated by 5Fg gas and other whole
ones, excepting charge part being only exposed at the connec-
tion with transmission line terminals, are installed in the
earthed metal vessel. This GIS type can be not only greatly
compacted comparving with usual equipment‘buL_also construc-
tion cost including that of civil works is devoted to be

decreased, Furthermore mechanically all of the equipment
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(4)

(g)

(h)

such as conducting, Insulated and contact parts are closed
up in the gas so that they are not brittled for a long
period and high veliability can be mailntalned. Equipment
agssembled and tested at factory ave transported and installed
being divided into maximum parts so that installation period
can be shorten and waintenance is become to be easy.

Bug of switchyard is.planned to be method of double bus
consideving many units numbers.

As this switchyard is utilized for substation of each pump
station and pipe line pump station, one tie transformer of
460 KV/138 RV dis installed. Single phase transformers of

4 units (230 MVA x 4) including reserve of one ﬁnit, are
equipped as supply of power is transmitted to each pump
station via this transformer. _ _

Main office is consisted of comtrol, protective relay, cable
connect, station service cubicle, repairing, office rooms,
warehouse and so on. Main units of 9 in the power house and
switchgears in the switchvard are planhed to be remotely

controlled in the contrel room.

Qutline of switchyard layout is shown in Figure 111-7.27,

As GIS type is adopted, space of switchyard is become very

small as 200 m x 120 m.

Transmission line

As for study of transmission design, numbers of circuit and

conductor type of transmission line are planned from the view
points of steady state stability limit and safety current on

temperature rise on the conditions that output of generator

operation at S3o Lourenco Reversible Power Station is 2,835 MW

input of motor operation including MW of pump stations is 3,690 My

and transmission line is connected with the existing Embu-Guacu

Substation.

Necessary transmission design and related to "Juquia-Szo

Lourenco Project” is as following;

. Transmission line voltage : 460 KW
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. Numbers of Circuit 2 cot

- Size, Number of conductor 410mm2 x 4
Kind of conductor : ACSR
Line Length : 50 km

Bubu-Guacu Substation is owned by CESP which is influential
electric company in the State of Sio Paulo. Tréusmission line from
Italpu Power Station is not directly connected with the above
mentloned substation, but is indirectly connected. This sub-
station is consisted of 460 KV and 345 KV and corresponded to so
called the outline rings of Sio Paulo. This substation has enough
space and electric capacity necegsary to be comnected with Sao
Lourenco Reversible Power Station and CESP has also idea to utrilize
this substation.

Design of 2 cct at transmission line is esfimated by general
calculation procedures and considering the.distance-of liﬁe being
short. This line has enough capacity in the hormal condition.
Though, Operatidn of some main unitg is restricted by relation with
transmission capécity in case of one lihe‘beihg stopped. . This kind
of accident is judged to be no problem because of being considered
to be rare case.

Anyway, when several cbnditions of power system is fully
establiShed, that is, when the definite study is executed, detailed
study on power system conditions including transient stability by
means of computer is necessary to be performed in cooperation with

CESP.
(11) Cubatgo Reversible Power Station

(1) Selection of Main Unit
’ s

This power station is planned as normal effective head of 670
m with available discharge of 424 m3/s at the same condition.
Especially, head of pumping is about 697 - 712 m and is very high
class. _

“At present, this power station is the class of the highest
head, but at the ages of this bower'station-being taken into
construction and moreover in case of considering popularization of
this kind of high head and large capacity reversible power station,
this power station is presumed not to be corresponded to the most

highest head class in the world.
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(2)

At the present technlcal development stage taking conaidera-
tion of Fatigue limit of runner material, single réversible pump--
turbine is considered that pumping head of about 900 m is limit.

Accordingly, in case of class of 700 wm, this kind of machine
is not problewm from view of manufacturing and reliability. In case
of generator-wotor, capacity of about 400 MW at 600 rpm is possibloe
by air cooling method of existing.type. If water cobling method
is adopted, furthermore; manufacturing limit capacity of genefatorn
motor can be increased. On the other hand, development procedures
of 3 or 4 units system with 1 tunnel are most advisable consideriag
civil works operation and maintenance. view points.

According to forecast resulﬁ of electric demand and supply,
about 4 units operation commencement each year is found out to be
most advisable. {4 units operation commencement in 2 year at the
first stage).

From the view points of the above mentioned and the same
way as SHo Lourenco Power Station, unit numbers of 8 are selected
under whole considerations that the.above mentioned units numbers
are not unreasonable from views of civil works and electric
mechanic works. Accordingly, each unit capacity is selecféd és
300 MW and.total.dutput of this'power station is 2,400 MW. Each
unit consists of the compositions of 310 MW vertical shaft, Francis
type reversible pump-turbine, 335 MVA synchrénous generator-motor
and 660 MVA main transformer. The compositions of main units are

indicated in Table III-7.7.

Power house

. This power:Station is planned in the same considerations as

Sdo Loﬁrenco Power Station basically.

(a) The pbwér house is located under the ground, ‘and is consisted
of machine hall and transformer room which is commonly used
for draft gaté room.

(b) 8 units of pump-turbine, generator-motor, other auxiliary
equipment and circuit breakers of power system parallel for
generator main circuit and so on are installed in the power
house with width of 25 m and length of 255 m, and furthermore
2 units of 280 ton overhead travelling éranes afe also instal-

led in it,

240



1%BLE-III~7f7 ~ Compesitions of Main Units of Cubatfo

Reversible Power Stalion.

Liem Unit Description
|. PUMP TURBINE
Type - Vertical shaft
Francis type reversible
pump-turbine
. Number unit 8
. Turbine Rating
- Gross head
Max imum m 699
Normal m 696
Minimum m 693,5
- Effective head
Maximum m 693
Normal m 670
Minimum m 668
- Discharge m3/s_ 53 at normal effective head
- Qutput My © 310 at normal effective head
. - Revolving speed Tpm 514
Pump Rating
-~ Pumping head
Maxdimum m 712
Minimum m 697,5
'~ Pumping Dischafge
Maximum m3/s 40,5 at minimum pumping head
Minimum m3/s 38,5 at maximum pumping head
- Makimum pump ihput MW 320 at minimum pumpiﬁg head
and maximum pumping discharge
- Revolving speed rpm 514

2. GENERATOR MOTOR
Type

Vertical shaft reversible,
synchronous generator motovr

of totally enclosed cooling air
circuit with surface air coolers.
Forced air cooled using motor

driven fans.
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TABLE 111-7.7 (Cont.)

Ttem Unit Description

. Nuwber unit 8

Generator Rating

~ Qutput MVA 335

- Voltage KV 18 _ _

- Power factor 4 90 (lagging)

- Frequency Hz 60

~ Revelving speed Tpm 3l4
. Motor Rating

- Qutput MW 320

- Voltage KV 18

-~ Power factor % 100

- Fraquency Hz 60

- Revolving speed rpin 514

3., MATN TRANSFORMER

Type -~ éplit type, 3 ~ phase
. Number unit 4

Capacity MVA 670

Voltage KV 18,0/500

'Frequency. Hz 60

(Note) 18 KV of Generator voltage is necessary to be studied including

stability of shaft in accordance with the study of revolving

speed.
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(¢) Concerning the agsembly hall, 1 assémbly hall for 4 units is
planned te be set up considering 4 unifs each year operation
commencement being planned and maintenance safety in accord-
ance with crane operation and so on.

(&) The transformer room being commonly utilized for draft gate
roow is designed as width of 18 m and length of 225 m taking
into consideratlon of transportation, assembiy, maintedance
space and so on. . 4 units of main transformer, and 2 pairs of

starting equipment are distributed in this room.

(3) Main Circuit and 500 Ky swilchyard

This circuit and switchyard is plamned in the same consider—
ration as Sdo Lourenco Power Station.
Accordingly, outlines of these desighs are as followings;

(2) The main single line diagram for thié power station is showﬁ
in Figure - 111.7.28 '

(b) As this reversible power station is underground type, and
high speed~large capacity machine, the following plans are
adopted.

(bl) Adoption of pump starting method as low voltage éynchro—
nous parallel by thyristor starting. Thyristor equipment
is distributed with 2 pairs totally 1 pair to 4 main units.

(b2) Adoﬁtién of 5Fg gas type as circuit breaker of power system
parallel and charge discoﬁnecting switch of generator-
pumping.

(b3) Adoption of 1 pair transformer to 2 generator-motor units.

(¢): Adoption of oil filled able to connect the main transformev
with an outdoor switchyard.

(d)  Adoption of GIS method as 500 KV switchgears.

(e) Adoption of double bus method as bus of switchyard considering
many unit numbersy _

(f) Main office is consisted of control, protective relay cable
cunnéct, statién service cubiéte, repairing,.office rooms,
warchouse and so on.

Main wnits of 8 in the power house and switchgears in the
swilchyard arve planned to be remotely controlled in the

control room.
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(4)

(111)

{g) Outline of switchyard layout is shown Figure [Y1-7.29
As GIS tLype is adopted, space of switchyard is become very

small as 220 m x 90 m.

Transmission line

As For study of transmission dasign, numbers of circuit and
conduc tor type of transmission line are planned from the view
points of steady state stability limit and safety current on
temperature rise en the conditions that output of generator
operation at Cubatdo Compounded Reversible Power Station is 2,400
MY, input of motor operation is 3,690 MW and transmsision line is
connected with the existing Tijuco Preto Substation.
Results of study are as followings;

— Transmission line voltage @ 500 KV

- Number of Circuit : 2 cct

- Size, Number of conductor : 300 mm2 x 3

- Kind of conducter i ACSR

'— Line 1ength 50 km

Tijuco Préto Substation is owned by Furnas. Transmission
line from Itaipu Powér Station is directly counected with the above
substation. This substation is consisted of 750 KV, 500 KV, 345 kv
and corresponded to so called the outline rings of S3o Paulo. As
saime as S3c Lourenco Power Sfation, this transmission line has
enough capacity in the normal condition. Though, operation of
some main units is:restricted by relation with transmission
capacity in case of one line being stopped. This kind of accident
is judged to be no problem beéadse of being considered to be rare
case. |

Anyway, -as same asjséo Lourenco Power Station, detailed study
on power syS;em conditions is necessary to be performed in co-

operation with CESP and Furnas.
Pump Station

Centering SFo Lourenco Reversible Power Station, the follow-
ing each pump station is planned.
Related to the lower basin:
3 pump stations of EF-4, EF-3, EE-8A
Related to the upper basin:

2 pump stations of EE-2, EE-1
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(1)

Outlines of electrical machinery designings at these pump

stations are described as follows;
Selection of Main Unit

Bach pump station has low head (about 15 - 80 m) and large

pumping discharge (37 - 42 m3/s) and pumping up head is not so

variable,

As for the type of pump, Ffancis type and Deriaz type are
considerable but each pump station is uniformly adopted as Francis
type considering that comparatively the head variation is small,
the pumping discharge is large, and further, iﬁstailation resnléé
and so on.

Type of main units is necessary to be selected forrevefy each
pump station from now on considering several factors such as |
efficiency, easinesses of maintenance and operation, econony and
so oun. As for input capacity of each pump station, motor output
is calculated based on effective normal head and its discharge,

and then, input is calculated considering 5% margin (including -

station service load) and 95% rating power factor. Also, the

number of main units is calculated at the base of pumping discharge
of about 40 m3/s per unit.

The compositions of main units are indicated in Table ITI-7.8.



TABLE I1T~7.8 COMPOSTTIONS OF MAIN UNTTS- QF PUMP STJ\'I'_IONS
[ Related to Lower Related to Upper B
Fump , Basin Reservolr Basin reservoir
Station Unit e . : : -
Trem ER—4 FE=3 FE~8A |  HE-2 EF-1
P.S. output M 44 80 146 30 114 [#p=0,9
= C
P.S. input MVA 46 84 154 32 120 ’f“}=8§7,
1. Pump Rating
Type ~ Vartical shaft, Francis type
Number Unit 4 4 4 4 4
Effective head m 25 45 77 15 57 normal
Discharge m3/s|  37.5 37.5 40 41.25 42.5 |at Hp nor
P output MW 10.7 19.3 35,2 27.7 7
Revolving speed rpm 150 180 225 120 200
2. Motor Rating
Type - Vertical shaft, synchronous motor
_Number Unit 4 4 4 &4 4
M output MU 11 20 36.5 7.5 28.5
M input MWA 11.5 21 38.5 8.0 30 PE£=0.95
Voltage RV 13.8 13.8 13.8 13.8 13.8
Power factor 7 95. 95 95 95 95
Frequency Hz 60 60 60 60 60
Revolving speed rpm 150 180 225 120 200
speed
3. Main Transformer
Type - 3 -~ phase, outdoor
Number Unit 2 2 2 2 2
Capacity KVA 23 42 77 16 60
Voltage KV |13,8/138]13.8/13813,8/138/13.8/138113.8/138
Frequency Hz | - 60 60 60 60 60
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(2)

(3)

Pump housce

Dimension of pump house at each pump station excluding EE~BA
Pump Statioen is designed considering méchanical dimension and
assembly hall,

Main units, auxiiiary eﬁﬁipment; control equipment, overhead
travelling cranes and control room and so on are installed in
each pump house with width of 14 - 16 m, length of 65 ~ 80 m and
height of 18 - 25 m from pump center. But, main transformer and
switchgears of GIS type for transmission are installed at the our-
door. On the other hand, as EE-8A Pump Station is located under
the ground, as same as the unext mentioned pipe line pump startjon,
4 uniﬁs Qf pump-motor and circuit breakers of power system
parallel for motor breakers and so on are installed in the pump
house with width of 16 m, and leﬁgth of 84 m, This dssembly hall

is 16 m ¥ 24 m, installed at the one side of the pump house.

Main circuit and 138 KV switchyard

(a) The main single line diagram for this pump starion is shown
in Figure T11I-7.30,

(b) Pump machine.of each‘pump station has large discharpge and
capacity, accordingly, adoption of full voltage starting
method for pumpstarting is.problem because voltage change to
power system is large. Therefore, half voltage starting
method is planned, of which method is usually adopted in case
of this kind scale of pump station and is also adopted as the
actual result in Brazil. This hélf voltage starting method

"is to take out ﬁalf voltage by means of installing medium tap
in the main transformer and starting circuit breaker is
necessary also at lower voltage side of main circuit,

{(c) 1 pair transformer to 2 - motor units is adopted to reduce
.the eqﬁihment spéce and the tost.of consltruction,

(d) Transmission voltage of 138 KV being generally adopted for
this class of scale in Brazil is planned. _

(e} Switchgears for transmission (138 KV} is planned as.GIS
method of SF6 gas, and its eqdipment is installed on the
housetop because the'neCéSSary'épace is small and the weight
is not particularly high and this method is effective to

reduce the cost of construction,
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(4)

()
()

()

Main transformers ave installed at the outside of pump housc,
The main transformers and switchgears for transmission are
installed in the switchyard ol outdoor,

outline ol switchyard layout is shown in Figure 1T1-7.31 and

1i1-7.32,

Transmission line

The load to each pump station is transmitted via one tie

transformer of S3o Lourenco Reversible Power Station,

(aj)

(b)

.(C)

The load to 3 pump stations of EE-4, EL-3, EE-8A is trans-
mitted by nucleus transmission of 2 circuit and the load of
3 pump station is supplied on branching from its nucleus
transmission,

Accordingly, at the end of the pump station, the load
capacity is more smaller than other pump station so that the
load capacity is calculated coﬁsidering conductor size and
number of transmission,

Pipe line pump station is planned instead of 2 pump stations
of EE-1 and EE-2, Outline of pipe lipne pump station is

described in (IV).

As the load capacity of this pipe line powér station is more

- larger than the above mentioned.? pump stations, transmission

capacity is calculated by capacity ( = 360 MW):for this pipe
line station. The circuit-numbers are 2 circuit, too,
Distance, capacity, conductor and so on of transmission line

is indicated in Table ITI-7.9.
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{1v)  Pipe Line Pump Station.
Pipe 1ine pump station is planned instead of eaclh pump station
{(BE-2, BE-1 station) at the upper basin.
Nutline of electriecal machinery of this pipe line pump station
is described below:
(1) Selection of Main Unit

(a) This pump station is plauned as normal effective head of
190 m with pumping discharge of 162 w3/s at the same

condition,
(b) Francis pump type is planned as same as other pump station.

(¢) Input capacity of motor is calculated from output of motor

considering 5% margin and 95% rating power factor.
{(d) Numbers of main unit are 6 coinciding water way plan,
{e) The compositions of main units are indicated in Table
iri-7.10.
{2) Pump hbusé.
{a) The pUmp:houSE is located under the ground.

(b) 6 units of pump-motor, and circuit breakers of power system
parallel for motor breakers and s0 on are installed in the

punp house with width of 18 m and length of 125 m,
(¢} Assembly hall is 18 m x 25 m, installed at one side of the
pump house, '
{(3) Main circuit and switchyard,

(a} The main single line diagram for this pump station is shown

in Figure 11I-7,33.

(b) Half voltage starting method is adopted as pump starting
method which is the same design as the above mentioned

pump stations,

{c) Main circuit is planned by L pair transformer to 2 main

units,
(d) Voltage of 138 KV is adopted as transmission line voltage,

(e) Main transformer and switchgears for transmission are
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installed in the switchyard, and GIS wethod is adopted as

switchgears for transmission,

(F) Distance between pump house and switchyard is 200m and is

connected with power cable,

(g} Outline of switchyard layout is shown in Figure 101-7.7%.

(4) Transmission linc,
(a) Transmission line is connected with SEO Lourenco Reversible
Power Station,
(b} Distance, capacity, conductor and so on of transmission
line are indicated in Table IT1-7.9.
TABLE TII<7.10 COMPOSTTION OF MAIN UNITS OF PIPL LINE PUMP
STATTON
]
Ttem Unit Description
P.L., Station output MW 360
P.1., Station input MVA 380
1. Pump Rating
..'Type ' - Vertical shaft
Francis type
. Number . _ unit 6
A Effective head - Sm 190 normal
. Dbischarge m3/s 77 at Hp nor.
‘. P output MwW 58.7
N . )
* Revolving speéd 300
2.

Motor Rating

. Type -
. Number unit
M output MW
. M input MVA
. Voltage JAY

Vertical shaft
synchronous moltor
6
60
64
13.8
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Power factor A 9

5
. Frequency 17 _ _ 60
. Revolving speed - rpm 300

3, Main Transformer
. Type - 3-phase, outdoon
. Number unit 3
. Capacity : KVA 130
. Voltage KV 13,8/138
. Frequency . 60
1.2, Design and Analysis of Power Systemn.

The power systems in Brazil, especially in the region of Sdo
Péulo are fairly complicated, Furthermore,'éoqnection procedures
with any power system and at what locations of them for S3o
Lourenco and Cubat3o Reversible Power Starion are very difficult

at the pre-FS stage of this project to require the analysis

srudies of power system to the related electric power companies

after discussion between DAEE and the related electric power
companies. | ‘

Accordingly, execution.oﬁ enocugh power system analysis will
not be possible during the period of preparation of'thié‘report.

On the other hand, conditions of power system including
output of SHo Lour enco Reversible Power Station (315 MW x 12:'
units=3780 MW) at 1990 years is studied by CESP.

The studied result is judged to be feasible for $Sdo Lourenco
Reversible Power.Station on transmission system if Embu-Guacu
Substation and so on'are recoustructed. But Cubatdo Compouhdéd
Reversible Power Station is not included in that report,

Anyway, detailled power system including 530 Lourenco and
Cubatd@o Reversible Power Station and each pump station have to be
planned and analized, Aécording to that analysis, the most
steady electricIPGWGr system aﬁd economic method have to bhe
sclected, As the studied resulr, the voltage, number, and
size of detailed transmission line and the reconstruclion of

the related existing substation will he pianned.
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(2)

(3)

(4}

The scheme of the Lranswission line system in the region of
- " >
SHo Paulo is shown in Figure TI1-7.35. and a coneceptual passing

roure of the transmission line is shown in Figure 111-7,36.

Field Tnvestigation of Road and Bridge Conditions for Heavy Equip-

wment Transportation.

$Ho Lourenco and Cubatd@o Reversible Power Stations are the large

scale ones and are consisted of many heavy equiphent. lspecially,

pump—turbine rvunners have to be manufactured as one hody runner

at Factory because of the high head power stations, Furthermore,
the main ttansformers are necessary to be manufactured to the
utmost at factory to maintain their reliability and to decrease
their precessing at the site, Maximum weights and dimensions of

the both power stations for transportation are as followings;

Name cof Power Station Maximum Weight Maximum Size

Sdo Lourenco Transformer; 65t  Pump-Turbine
Cubatso : runner; 5,>m
' {diameter}

(Note) No including trailer weight,

Transportation routes are planned to pass through the following
ways; from-Santos Harbor to Cubatao site (8P-150), after to Sdo

Lourenco site by State Road (SP-055) and Federal Road (BR-116),

Field Investigations of road, bridge and port facilities are
executed based on the above mentioned plan,
out line of lield investigation results ave described herein under;
(a) Brdidge.

(al) Route to Sao lLoureuco Reversible Power Station.

a, Number of bridges: 12 (length 28m ~ 240m).
b: Bridge necessary checking foundation part, Bridge.
¢, Bridge necessary reinforcing; 5 Bridges,

(a2) Route to Cubatao Reversible Power Station,

a, MNumber of bridge; 4 (leagth 6m - 500m} .
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(b}

(c)

b. Rridge necessavy reinforcing:; 1 Bridge.

c. Utilization of detour because of unbearable even if

reinforced; 1 Bridge,

(Nete) The both routes have no problem as aelfective bridge

width of 6 -~ 10 m.,

Roads and others {including routes to the both power stationsg),

(b1)

{(b2)

(b3)

(bd)

- {b3)

(b6}

(b7)

(b8)

Road Toundation and effective width no problem.

No tunnel, road curves, clearance from road to electric-
distribution lines ¢rossing road no problem,

One bridge crossing railway necessary reinforecing.,

On the way to Sao Lourenco Power Station, there is

one place necessary to pass under viaduet with & m.

width and 4 a clearance so that by passing through

‘other road is necessary stopping temporarily general

traific by means of consulting with the related

organizations,
Some old bridges are genervally iecessary to be reinforced,

Special item giving restriction to equipment manufacturing

from view point of transportation condition, at this

‘present, is judged not to be existing,

At. the time of definite study, existences of some inteyv-

‘ruptions giving weight and dimension of equipment arxe

nécéssary te be checked again by means of detailed field

investigation of bridge conditions,

Fiéld investigation results of road conditions lor S3o
Lourenco and Cubat3o Reversible Power Stations are

shown in Appendix - C.

Santos Harbor

Conditions of harbor have enough equipment and have not problem

Berth depth : 36.5 fr = 11 m

Maximum tonnage of ship: 25.000 ton

Travelling unloader X 6 -~ 16 ton

Crane ship unloader : 150 ton



. T N
I~ »//l' T
\ \*{\:"‘ -7 \“
Yo VAN
/ NN S TN
! / AN ~
/ /i ’; j\\ \
/ y P ~_\
/ Y, ,/”_ [ *::,\h__‘{!_
s 7 S 1 7 N
/ / - : N ~.
/ ,rI P TS h
/ ” -
/ fo 7 : N
Fa - i B9O— S
NS “ AN
/ tsos PIOVRR N
/ Qe o7 Devsntion {unmet —— .
A Y T
VA o Upstream._cofferdam .~
/ 7 Vs Vi - -~
i e ' A
s i -7
[ Y S .
\ ! / s
{f \\f ,f Vi =
P s
e . f / .
// /,,/ ~.J / ./ i
s
_.// - £ /'\lo
— - — - *
T R y
s l/ \J_
- Spiffuway  and .

Qutbet work |
T
;

e D _
mewo DA

e d

ol AT, 1982

AR T

WYY

TOALILPA S OPRT € DO 3TH LRAE
] DOPLETIMENIO DE LAt INASH BLIDRA
PItaTe TE FLILIFENT T LiahnE

A
JUEUIA - SHO LOUPENCO
FROVJECT

DAM OF GD-6

FLAN

mwooen 20 ¥ s50un
N ==

~ 255 — " rure §t-1f




e T . . s At

1oy m YE§00

. e e e e e e o e et <8+ e 1 St 2o e s e et e oo i 140
e ey e UEEOO e e [
RESERVOIR “AREA (k'm) Y — Origmal_greumd surfree ! -
a "5 o Is 0 25 20 "‘“'“--\_‘_i‘. / _______ _ IV TEER
e [ TR L N W e . e T - Hip
. ) :}’. - —_— T e Cresl of dawm - 3200 . e o
R O o O O St N O s B N L e T e e S - Lt .
. e ;chi___ 1 R < : L e J U B
5 1 r‘\_ﬁ e, S~ . . T vt ~
N ~ ~ 300 = IS ' el P - /”"Y_ o
I S e o T 1 ” Lot I Y R — R _ . - R e - 7——'\~-q e . !l'i' VWealhered _sod frock I
(‘3 AEERPSEE 3 e T T~ S ’ T /r/‘ WM T Y g
o . T ~ e et g YT
i 4T 7, e N\ N C e i Exeavation foe g 620
= 1] I ¢80 \v‘\\ I ,—‘f’wmw B s —,—r——v——w—-—‘r-fw_——r
o L . ‘\ %\ - P - Assusned _sound vock
i S 19 i 10 I I I 7 o 1 i ] Q - M SRS
.I«: - ./—-I am 7 i - . P ¥ “1#-—,:\1, s ~opENEEPEY
i 7] o : 450
g a FLEV| AREA | VGT ] 807 Shitivay tunnet/ Outfet chamber
i j . Lhmy | (oo} | (ot _ ’ P 5 - T LLONGITUDINAL  SECTION
a0 L e 1 Taim 00 _ ool 1 '
: . sto20 ] apox| T oeel . o 1 B B» 4 som
- TF IS0 038 __‘@# bemeitct=—r— e ——dva
FRN4E s2em ] IAS]T3er : :
7] I YT kY
o o ~ 9000 540 EXICS
£ P I LY AR T
n wonen]  i2a2 | I306H
- G0sb0]  TR25L 2Gau% .
. HOM|  20NB] 23427 HiL = 70110
5@ 2509F uoEM o AN
U S S _ 11 1 £ - -
ére - 00| Zas4] 34543 . S _ MWL I
T LUL= 70200
i i
g0 L—- —

o 160 200 350 wo 50 &0
o RESERVOIR VoLure, (o)

RESERVOIR AREA AND VOLUME CURNES

SECTION ¢-€ CSELTION C-E

o 2 b & L] 0 m
[ P U S

w50 S _LWL]
w0 ' : - SECTION A-A
b _{ _[ . ) ' o 1B 2 | v fm

'fsm f’-\\\
£ [ NN RS
JRES L1 A= 85kd
ur_; .\C = ;,D@O :::3’5
w = 0 ’ . -
2 NS Dt~ 0470 SECTION DD
Z e e Detast
7 : 1 N L= 70500 :
“ L Mj T B I T I T e I e -
00
.ssoi 300
a0 e — e g
| e - .=
S SE_CTJON B-8 F
‘ o 5 2 15 o 10 .30 uwa som SECTION F-F
A o - ) Bz v & % o
TIME (hmrsf Yo, ——-duemad = et
DESIGN INFLOW AND QUTFLOW HYDROGRAPHS A
126 T Pﬁ;.-:*:—-:;mo : _——"""'-"Hv_
1270100 e P
Lwizuptge - _ o &ﬁ% N
ch.] - 21200 L - ]
' - [« . " FVFE AT pan C AUEQST
HA L= 30870 C 1o : ; o N
i ..u W L= R 00 -
| : = : AT [F TR £ DO Eo el
T i B i QEF { s s
;I S s
; JUGRUIA - $4Q (puienio
| FROJECT
%0 __FRovect
1861
| DAM OF GD-6
” S o i DETAIL 1~ | SECTION G-6 it s secion

TYPICAL SELTION o M 8w n owWwm - ' .o 7 Y B 8 B S

o med T breand Yortsrt = et et . KA
6 w4 W ¥ 3w _
e Tk

- - —~ 256 = "™ rieuRe pr-72




Ll

EEl

L8500

- R m 4

B e e e Ve N

“e RIVER BN ] e _ S
FYPRICAL SECT 10/ NASINL D, SO0 ROCK_
o " F.l E) " 20 m
e e |
ra
HH = MOX 1
AL XD B et
g res 205 "”—'_—_—'_'::!
HO.
F peranr
e st
I )
w“o — L2300
SECTION A-A

LA o “ » ¥ 0
[

~1" OETAIL -1

¥, access
% TUANE
»

DETAN-2

Y oINS TREAH

COFFTR DAY

GENERAL PLAN
a Y] L 0[]_/;/[})

@ o M
et

5 ORIGINAL GROUND SUEFACE CREST 0F AN
res & f 3 L4 k) z e L] b 0 L
-""-...‘ e s ] _!__.-""_' e T T T 5 FRAOKY et en? ﬁ’tg'«
e ™ - -~ : - . S N s waggan o ——enm ety Yulo
5 L2 - = S . I . 11300 : .'/ jod L= S )
T b - . 2 — - H— 7:- e > — ¥ gy ] ‘_, W - W Auraus b 1532
VAR P /w S g J NIATHERED SO0/ oCK )
o ad e A . : .
o0 . o . e — i
Pt o el _CXCAVATION LN , . DAk Yoire & Fos 1 ot bfon
. e - ALVE CHAMBER Ag‘t‘[&: FLmNEL . . o o o pengrlL K RGIRNLALS £ CIRTENL
[re} v__“_,_-q"“’l’ﬂﬁ '"-“‘ﬁr—_w e L Rk :'_r-",.— : -.v__ ) ‘/.'/ ’ e Do ""—‘—"_'./— sl ‘—H r‘_—_]
l - T PR I =2 : [~ Assunze sounn cocs Trasie 3 i -
| . 1 E— | JUHQUA - SKO L QURENTO
. B - S . S — e epm——
o ! L35 om o3 fﬁﬁrdﬂf ACCLSS TUNNEL gl PROJECT
- IYERSIOY TUVML - B e e e o e S
. NDYERSION T ¥ g Jeee 4
. | - - | T : DAM OF L1-3
- L}
. 3 :
LONGITUGINAL SEC 70N 2% ] _ PLAN .. FROFILE AND SECTION
SEC TV B8 :
: ! nwl—‘_:? m THMA

s 2 Fr) o L)
¢ @ d A M 0 - F ot ) [N
e oo

- 287 — " FIGURE HT-7.3




¢

- :_;\‘\ LD /’,\ ( e (/f) N T T
NN ) AN\ " —
h cl ’/' L : ‘ -

SLEING STALIO N 5t
LR

t
.

il F S I .
el . ’/ N g e s e
i’ z P *

ee LpHE

7 NI

\ffﬂ'u) ; \\\/\ 7\“‘!}\_, h ’{:
. s -

S

= - ) et ! q“‘)l 4]
. N ”',
) chY k)
N R
P . -
SNSARE _OF N\
PUMPING STATION -
\\ J
. A S

1

SN SR Y ARG S
\ T
N
+ i "
o
- v

Ve

SR

_YPPER INTAKE DF S, LOURENEO
FOWER SIATION 7

oo JelfD _
wmes (§_ (FEFE

YA

wo | auegst, Jeez T

)

ey
rF  SOLING ki | B B e
D&E rAUEIT A o e

PLEETORIA BE LI RHE KT T e A0

e JUQiA' - SAC LOUAEX O
pROVECT B
PONDAGE TYrPE
UPPER RESERVOIR

PLAN

L AT T
ety S

B e N

HECRE 2{(!.\'\_--- 1

SRR N T

4 Y | N

L

[ LT

o 0

b ﬁ. » p \ *
o~ ‘g//; /

A .-.. . _
i 4 258 = wwe ke -4




e e
guaperaser it i P,
it 1 g
: QUGIAIL GROUAA SRFALE, fﬂﬁ“ ASTUED. MEATHERE D AOCA MIALACE, ;S
wg.x HTSC - iy e o et it e
r o PR g g - - SIUE_BaRA
- b -
- “ . : e
.—“‘Mvu»._—-_dl(‘ ““"“—A,» . T ..._._4..._-__;.:7:.,, ¥ :
T - 3
I L . ;
- § RV 3 H
T LS
JE S < - i H ¢
e RAINAGE SALLE
tro o / CONEAZ TS LIS, H] g phsinage dheiny e L
—d _ﬁ___-wt*sng}_i 1":3“ . - g T
e 3

: RN NAAE_GALLAA)

i g e !
}“__%__m___,,._,,,‘____&___,_,__f,,,,Jzn;_c.q__.,i__,,,,,.,w..,.._.ﬂ-_.,,,.,,.:-,,,, ‘.4.,.-.25_99_,. _.M.,J.ew,_....‘i-,.._ﬂ;u: Cdmee | e

PUNPING STATION LONGITUDINAL SECTION

o MmN do 4 Foom LML= €35 o0
g TIT0T T AT T T Mt =z
€
SOOI 3 -1 SV PNUT. SNSRI 1 1 | U
— , PRI = b SO
.o 7 “— 1 Zf /Vﬂ(é;‘ L ;r rr.[r ﬁ E '-fr 1‘!
PASLAUYE TUMVEL [ IL!L I} _ Jli} JIL ey Ay = 65£.50
— = P .___,-____r__-.ﬁ,u,ﬁ-.:r_.l_,\_n_..___”;__ﬁ__,,ﬁ_-_,.—? = l_\'*"“’::::;——""“—‘—--—- - S Bl \
RN . . .
-';t IJ\\ ,;i» \ . ,rl' N Y N geerss
.f’ .’!\.1\\ ’\/'\&‘ AN LS S .
AN 7R PN
////ﬁ\\‘\\ VBN P TR NN
g \\\\ I\ ’ v S N ted ,rf = \\\ W
N i 3 Yoo "/ W CASLE AN

" W MW e R TiEy TN e
't i T iou ip it )
Wz ST NG WSS W SR N WY W " 1L . ] L )

ALCESS TUMNEL

ERECHicy
4y

s

I S S -

|
|
I ! WL N/ N N /) W i
o YA 7S5 S WO XUUE WY WU Y LYW P I W \l\‘ i b oAb A K Ko hu b +
_"‘”&z{sﬂ"“‘ll‘ i RTINS T L (A 1 . 77
- PAEELL X e B 1 e o s e g A
! i 1 ) H i PO ——
' { i B G A A A R T v“ﬁ'! (e A flLTi‘r"\“"rz’lg:V“?l?“‘T“’t‘l“Wﬁﬁ :;‘lf'lfrf“‘i’“‘
il 4 ] ! L} H I i
{ T IR TP o h || L)t it Wi
| GATE CHAMAEA // e Bl e h i i i n I i
Ao S “l \:\ 'lf '.I N H H

- Wl o

\\\_\\ e : \\\\ L Wy R
AR 'y W gl R
NN SN AN
v Lty IRENAE VY S s
A i oy Y 5 \\f ff
il l/ A1 ] 1J 100 # REV;
e b l (/ i
,,,,, bl it AL
Yoo SR i e
PUMPING STATION PLAN
l‘ I T .
o 2T PONER GTATION

Fid 7L

wwwwwwww oy F‘nfj
e ( Ve

iy

Cavsusi . p9er

TP WO 0o § B M e
16 mrmcaste 3 fasl L s ol

BRI A S VI T S LA P SR S

AL ED ‘__..._ﬁ__._.__.‘..-i

Rt T
Trgesr - SAD FOUEENED
FESSECT

k) ] PUMP STATION OF
@] g _E_ t2oe_ ] PIPE LINE

S | .. TS |
: T o - PUMPING HOUSE

v SO

Fiap | FRBEICE ANy AICTIA

Lealt

2 3___n L L
ey ST e |, ety 6 & 8w iFm
RS T

PUMPING STATION GENERAL PLAN : _ 0BG - N er s

b M dt ™

ea A D3




5 ) ‘.“_xgl‘ \ \
\ Al S ‘\\ LY Y e
10N TUnELS RN,

s
SetE e
SURGE  TANKS !

£ i.]; J ,-’h
=

‘\V/ AR ' _,

N =0
'___\ b 2 e I ‘,/"T. 27

AR Tt

RE
3 1.
e

! 1 = 4 y Wit i1 B - 3 i “ - ;
A i ; < HISG [ 4 it dal (2 7 £ z,
H 1 R [ y F < o
e , 3 ] = i
K R % g, it . e pith ,': f / -
en Fronestal ) N \ i . 5 S b /1 : .
A 3 - oy I - / .
i . . o) o 7 ; !
S E /. | / L )\ A ] o / i /i é 1) 7
TN faess, Ny v / i NN /
e i 414 i { SN’ s )
it e o £ N o = ;
3 i > -\\‘\ X / S
W N o i [HN \ \ 3 -
N 7 O o
" b : o = .
i % h .

e —
0 300 m

CARYOGRALHIAL REFERENCE -

- FOFUSCACRACAL WAR, FCALER 125003,
B¥ TERRAFDIG SA. - 1587 .

—260—

/AN

.

RESERYOIR

,
s L D IR

PEOSEIRSD oy

‘DESENHALD : 07

XIS £ GURE [T~ 76

VERIFIEAD) -
APROVADS +

APROYADD +
DATA ¢ AVGUIF,  IF4F

Tifvio s N
JUGUIA - 380 LOURENLO
PROVECT

SAD LOURENCO REVERSIBLE
POWER STATION
PLAN

LICALA <

NUMERS 20




T S

el

su

A

HHEATQA.P0 e e o e e
sk s 799.09 U DV [ . s
AR e "__.~M“5"\':\..
S R i e b e R T T T T T T T T T S — - ] 200
L BEADRACE  TuNNEL - 34 s30
{ ¢ 0.908 —e h"-‘;.w_ e T — U e e ey e — _ L son
— P N“‘»\N ]
M \ id‘mwm"—*
R oof
s - . w{( \
e S ] A S T 500
s . L
. . 1 \\ "-.___:““
oo ” g . L
"'-%"5-‘n‘;-'é#ﬁxxx'-—E-—x=;&%s_ggqﬁggfii;%ét{ifgé%;:-: 5 TRk i m - £ e S e S T T -3 B - LE
(v a0t — e "
n ST —— s
L rE ama Ty
T i o= T——
’ e £ E— I} -*-'"if =he — —--#-——'-—#————‘i"_‘;—“' s A S
& Pt > T //\
] f e e
] st ==
g | e . Nuy-153.00
- - rrnene :J.l( SUSSE. TANK P _ g .3 ROAD 7 { I e
% TETeTT | wmissene
: § A
PORER HOUSE . ) e y
- ) . ;’ — Ry ¥ Ty 150
[ - i e S ey
NS FANLRACE TLANHEL 34 150 e LOWER INTARE
- <  {x Q20¢
— - o i ———— — —_—— £ - S da
H
2
=
N
by
0
¥
%
§
| - = ——— e 7
TR 8 & ] b3 o b o . °
Sy K S 9 = ] e Q N S 8 8§ 38 e w g 3 g 2
E ;:\ e =S s = o b3 & b neomos < “ R = 5 <
& ‘d 5& b o ‘a g @ ¥ = . ’ = ® = ey < : = J
T z g — o T t - T " T — — e e
. : o o a
% g ©88 g 3 3 S 2 2 s & g g s 32 g s S
o ~ o = : 3 ™ H a : Y : A w m ;0D
o Rie o= o © P Y o - A kg 3 Q - s =
S RWT % 2 s = " ° ROR = - - o © Lo
< .'{:l ::5 - ~ ~ =~ ~ fry m > -
L_' = 1 1 1 1 T I T I T N 1 T o - — — - ”
] (I
g 58 g g 8 g 8 § 3 ze 3 i ¢ r g |
2yl 34 2 R £ 8 S B B -SRI
u o~ - o ~ 2 a AR < @ = *
1 T T T St - T  S— 1 I T PR it O, R/ S—— e S ———— '_'_‘...___]' =
25 . 1
YR el = " - " - - g v ow @ N = noE
w X
L I [
HATERNAY  LONGITUDINAL _SECTION
LRiSINAL  GRAUND SURFALE
P r_—_‘: e T " el
e == e — — a 306 m
Fi6.09
'
) A e fo) 2 .
¥ .
¥ F TR

AL

TRV R WA

b1 1d S fundgrrindiprk

£ —

£8500

HEADRACE - SURGE._TANK
SECTION

oo —"

g

3om

HEATHIRS Y S 3L ) ROCK
HEATHIRI) S5 BOCK

HEADRACL _AND_TAL

et 2

[ s5m

RACE
TUNNEL _CROSS _SECTION

CROSS _SECTION

=

TAILRACE _SURGE TANK

SECTION

[rm—T——
e I2m

-261—

_mx;o_d%?f__.. i
A L M-

YAICAS) ) D .
AdEUST

ALRIVADG :

27 mIes P DML € e aemEml
{Dml}: weriaistat o das € mRta L tiinoh

B TIRIA PE T IANEHTE T kR

e : N
Jegss - SAG LOURENCO
__FPROJECT

SAD L OURENCO REVERSIBLE
POWER STATTON

PREGFILE

LICALA :
HUNERQ B0

SR 1 preJRE T - 1.7




e
P [T~ b

]
e
)

g

.
AR
]
\

I MCACEA O OGS 10 M Mt
5 erermerm i ou { prves GO
R o T L T T W RETLT SR

JUGLA - SAD LQURENC S
PROVECT

SAD LOURENCO FEVERNEL
POWEE 5 2T0d INHAAE |

FLAN

FIGURE -7 8




e

T et e e

e e e e e e e et e oo
U st

AL ]

[

av-d Gardate wone

1 T4

[POLES LMo

Fres
¢ Tl = =

. pGeT @
s HTTRTTTAL o S V
- IS
i -
) T ey

LONGITUD LA SECTION oF

e ey =y

INTARE

x L) o om

St OF GATE Tk E T
.
A ¥ 3 + IS o,

T A
ey — .

AND

CANAL

! T =0 -
Pe » - YomMwL s f0koos | . 4 o
goawy 3 F0R.0 . / -

Foo RIS T BT i =

maus Qe
G

v Arsusr,  PEER

TS

STARMDARD SECTION ©F  CApMALL

Par— Ty mE

HOCTA 3 0eeas | 0D Mo eI
COATAIE D B LXAT Y [EDRIN fLece
AU S aRaf IR uTa g et bk

SUBUIA- S0 rouRInT
PROJECT

s

SAC LOUREMCE REVERSIBLE
POWER STATION INTAKE
PROFILE AN B SES s

[ .
-

- 263 —
FIGURE IT-7.9




AW

LB

I

It
I
I

sranal,
]iem L

PAFT T .11"7—r11'r‘17“‘ T v‘*nﬂu-rnv\m\“q Kxi

LINE s»yrc# 3

b & |

II h i

b‘&lr.'s

i ii” “J

[
; | 1 i

(oo

FishvrTrssTeoa

3 ,I.Ln_unlx st Al }JLLLLLlil_L PR JL l‘:nl.i'l___@_.i._l:_&hg_{.ul_,I_LJT_!_._(_.__I__'}:I;._._L_A,J.h

‘-r"v’ﬁ“—a—"ﬁfﬁfﬁfwriw h-
|

TETTT O T

=9

SR RS b

A A o Ad L)t AN AL

ALCESS FUNNEL

e

TIF P L VT T YT TV T

L PQIER HOUSE §

:

3

FUNAEL

TIY Y YT IT LT v A

2ULL

M b s G AU AL W PN N A YL

[r e

R ITFENCEY

F—

50’!’{[‘?1’“

= |
E i sratrps |
. rEAYEeruEL

Sl

ACEEEL

;

L resvsroRteR _siouse g,

L% e L 2k rd g

ACLESS FUNNEL

| ]

HUN i
N zgansronwea g "o
} 0 . |
! 1
'] . : I il i il : QBS@ : ,
,'. .L,nnTw\.uu"T R e AT ARARARE AL i LR C N AN AR A '
g I ol i | 4l ‘ i
1 I 3 I 1 1 !
] dn dlh LN || f
wih [LB]] li'LVﬁ wih Wih
e %4500

POKER _ STATION

GENERAL _FLAN

ke

e g S o O Py O S G 0¥ S B

i
~

r—;—v—r\'v‘;'l“;v; i ;Jﬁ[r"""?
!v,f ok

e

25.00 [ o 4s00

NIV LU R T IVIWLEY

POHER _HOUSE._LONGITUDIAL_SECTION.

I m

264 -

r—

CESERYACLES.
LAy
Hoamop
Tt .
n AALLIE. rtEd

WAL

MORFAGA O fzmad 1 b MR aameOTT
| RELANTID B bae T CORMAL LIPS

IR Plad JanEnTa | taaTaclg

Filo
JURUIA ~ S K0 LOURENCO
PROJECT

SAO LOURENCO - REVERSIBLE
FOWERSTAIION PONER HOUSE]

FLAN AND PACFICE

[ 2T

[

FIGurE -7 4o




"""" —' e ] FAsECs T, T BATL
CRSERYALDES:

£ TUNHEL

- . C T ‘ ) P - —— .
e e ———— - [ ——— =it p OIS
———y AN HAiN ) MALN R e
. FRANSEQRHER . TRANSFORMER — - TRANSFORMER
e fra P’Hi'
l“ et w:‘: I ‘J;‘\;}%}M mm;m:p: Lt L 1 vAIr 4 L;s.c. l L: L VALY § 2 m;:r 3 s.c. ] mi:ra 3 ACCESS TUNNEL
i T N Fi - ey i - . - it . b AR S T e 28 n—uﬁ_.f.:-:-..:-,.v:-;,{

“}—- T"r ES VAT BN f':&v*ﬂr‘:& R e hﬁn#i - —i[fv 3 [‘1'!’""1"1‘\‘1--‘ -H‘r‘-f’r\"'\‘lﬂ‘-{ | } R\ ETAS i g“\‘l et I
. - Ksalng _:_{ i At 3‘“1 i 1 ;
p ¥ W[ . e B ‘
2 34 “yorer \;*n‘#‘

r‘TT\-
{002 25,00 : | 25.6¢ -°l-’““- . i 435,00 | 25.20 25,00 | 43.00 ) 2506 ], 2500 é L Aseo
]
! | — 20500 : e
F
TRANSFORMER HOUSE LONGITUDINAL ___SECTION
F 1
L ) 30m
f
| ’ ’ £ - PONER HOUST
: £ - TRANSFORMER WOUSE
3
S
ot
3
o~ . .30.00 ] 8,5 '
E A : ) s X f'Zr'ﬁ"r'{;"v—r-‘r-r!"lv= :ul--nu
3 - o - |
- - : , : BUSS " TURNEL
. o /'/ﬁ.{fﬁ"ﬁ‘—*;a—rﬁ+r|
5 ' a70p
==
Lk i *1{:—'— ;ML" I ° £2.50
: m r - o1 Ut P e e =
‘f, g % L ) 4 “;_“! . ]i
N B ol L L'{M . T ‘il ....... o 150 AT
Krrr“f'x?‘rrrrr("r S . . - i

B-8 SECTION

< .
8
i}
b mome (%7 .
e 2P —
e s
YOGan 4
. BLTR AySusl  IvR2
oo |
O :
ORI DL CORAS U 00 KT Limern
LTz

CLRARTANINTE B BoUad | i,
PALTOLIL B FUANLINSENTS b L wTRacE

|
T a0 ! £0.08
.

=i

A-A__SECTION

e = ]

& 30 m

o

I |

Tt

T o rri-r‘rvrx ST ARz
| e

! so0 .. : 230 -
fo e 22 g . o —00;_________,_“,,‘ . | VURHIA" - SAD LOUARENTTE
PROJECTK

1 SECTION ' ! ermr : _
BUSs_ TUNNEL _CROSS LTI - CABLE TUINEL CROSS _SECTION ACCESS  TUNNEL CRO&,_, SLETION SAO LOURENCO REVERSIBIE |
POWER STATION

A E
R AT ARARRE AT Ay n"ﬁ—rw
H

p-jw::.—-’_ . ) . . e
: - P L p—— : TRANSFORME R -HOUSE
FROFILE ANO SECTION
=

26D = "™ msume o701




	PART III  DEVELOPMENT PLAN
	CHAPTER 7 PRELIMINARY DESIGN
	7.1 General Conditions
	7.2 Preliminary Design of Civil Works
	7.3 Electric and Mechanic Works



