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pemand and Supply Balance

H

planning for Supply

The SABESP PLAN mentioned in the Chapter 3 of Part 11, foresces
the water supply to the Metropolitan Region of Sao Paulo up to
2000 with total capacity of 104 ma/s. After the completion of
Cantareira System, which will be enough to suppiy REY Paulo‘up Lo
1987, several river basins ave planned, but the SABESP PLAN has
not essentially so much difference with HIBRACE PLAN developed
1568, Iﬁ fact, the river basins and the veservolrs pldnned by
SABESP arc exactly same as HIBRACE PLAN and therve is no perspective
for the vear after 2000, which means that the long term planning is
judged'to'be necessary to consider.

On the other hand, HIBRACE PLAN was developed 14 years ago,
and nowadays a lot of aspects are necessary to be considered for
water supply plan, because Sao Paulo Metropolitan Region aud the
neighbourhbod-areas have developed too much, and the problem
related to the water resources in Tiete River (upper basin), which
is almost equivalent to the Sao Paulo Metropolitan Area, is quite

different if compared with 1964 - 1968 of the development period

‘of HIBRACE PLAN.

So, the following_cdnsiderations are important to be included

in the preéent_study;'

- The majority of planned water résources is consisted of
small supply capacities and after 1990, for example, the
annual growth rate of water demand is 3.8% which means that
about 2.5 m3/s of'éupply capacify has to be increased every
yedr so that one reservoir per year in average will be

necessary to be constructed.

- The Alto Tiete System planned to supply 19.8.m3/s has
limitations which are difficult to establish at preSeﬁt,
because of mainly related to the water needs for other uses
like irrigation and sewage dilution of Tiete River which
is highly pollﬁted.

- The Alto Juquia System, as planﬁed by HIBRACE and SABESP in
order to provide 19.3 m3/s to Guarapiranga System, has a
very troubleful interference with Companhia Brasileira de

Aluminio - CBA (Alluminium Private Company), which has about
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230 MW of rotal installed capacity with 6 hidroeleclric power

~stations and generates a very cheap clectrical energy.

- The Capivari-Monos System planned to provide 5.6 mj/s is in
a coastal basin and it is necessary to keep for the future
of Coastal Region such as Santos, S3o Vicente, Praia Grande
and.Ttéﬁhaém Cities, which are the main tourist regions of

~about 70 km from SHo Paulo. Nowadays, there are water
resources to supply these cities, bur after 2010, the

deficit is judged to be cvident.

~ The existing reservoir of Guarapirangé with about 9.0 mj/s
capacily is nowadays in gradual advance of pollution as a
result of intensive urbanization, and actually, there are
some days a year with the problems of eutr0phiiatién. It is
assumed that Guarapiranga Reservoir will not be able to

supply drinking water to $Fo Paulo +in 2000.

- The Cantareira System, which is actually in the final stage
of completion, has troubles for its downétream region,
mainly for Campinas Area and Piracicaba Area, because the
remaining water resources of Jaguari, Atibaialand Piracicaba
Rivers are not enough ‘to supply the Qater.requirements of
thegse areas especially,_auring;the dry season. In addition,
it is necessary to consider that these areas are devéloping
very féstly and the riverrpollutions are also increasing, 50
that it is supposed in near future, that a significant por-
tion of water from Cantareira System has to be released to

its downstream in order to supply Piracicaba Basin.

The present report of Juguia - S&o Lourengo Project presents
an alternative plan to supﬁly the Metropolitan Region of 8do Paulo
to avoid the above mentioned aspects, and the demand forecasrt
indicated in the item 2.1 of this Chapter is also taken into

account,

Demand and Supply Balance

Figure II1-2.0 indicates the water demand curve up to 2040

and the planned schedule of facilities to supply Sdo Paulo from

1987 vo 2007,
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The existing water supply facilities and sowe others under

. : I .
construcltion have the total capacity of 53.7 m™ /s as follows:

TABLE IT1-2.3. EXISTING AND UNDER CONSTRUCTION WATER SUPPLY

FACTLITIRES :
Name SuPply Capacity Notes
(m3/s) :

Guarapiranga ' 10.5 : (1)
Cantareira (lst Stage) 11.0 (2)
Rio Grande (Billings) ‘ 4,1 (3
Rio Claro (Alto Tiete) _ 4,0
Cantareira (Final Stage) 22.0 (2)
Others C 2.1

Total ' . 53.7

Notes:

(1) Partial diversion of upper Capivari River is included
(L.5 m3/s), with temporary facilities.

(2) Cantareira Systeéem, with total capacity of 33 m3/s is
considered in this table. It is judged that this
capacity will be in near fufure reduced because it will
be necessary fo release much more water to the down-
stream basin (Piracicaba Basin).

(3) This is the existing supply.capacity of Rio Grande System

which is situated in the Billings Reservoir.

This 3.7 m3/s capacity is enough to supply S3o Paulo up to
1987. After 1987, the development of Juquia - Sdo Lourengo System

is recommended according to the following water supply schedules.



TABLY TE1-Z.4.  PLANNED WATER SUPPLY UP TO 1995

. Supply.Capacity s .
.Name (m3/s) Cperation Year
EG ~ 3 L.8 1987
JR - 1 4.7 1988
Alto Tiete (*) 7.0 1990
Tratinga 5.1 1992
I tapanhau 3.5 1994
GD - 6 and LH - 3 2.1 1995
Total 24,2

" (*) Taiagupeba, Biritiba, Jundiai and Ponte Nova Reservoirs.

According to this séhedule, the total water suﬁply capacity in
1995 is estimated as 77.9 m3/s of which quantity is just balanced
with water demand. Considering this schedule, SHo Lourengo
Reversible Power Station has to start the operation from 1996
in order to pump up the water from the lower basin. to the Sao
Paulo;.aﬁd the operation commencement years of lower basin are

planned as follows:

TABLE II1-2.5. PLANNED WATER SUPPLY ¥ROM 1996 10
' ' 20067 AT LOWER BASIN

. Supply Capacity o -
Name (m3/s) .Opelatlon Year
LH-24A 4.2 1996
LH-1 8.3 - - \ 1997
B-1 - 2.1 2000
B-2% 31.0 2001
Tolal s 45,6

%: B-2 shall be started operation in accordance with water demand.
The second stage of Juquia - S3c Lourengo project is to be

considered after 2007. (sce Figure IT11-2.6)
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By means of these schedules the total supply capacity is
cstimated as 123,5 m3/s in 2007. THowever, for the.purpQSQ of
present study, the limitations of Guarapiranga Reservolr and
Cantareira Systems, as mentionad before, have to be consideved in
Cmear future, though the limitatlions ave difficult to establish

exactly, and the below menticoned assumption ave congidered;

Guarapiranga Reservoir will not be able to provide drinking

water after 2000.

Water supply capacity of Cantareira System will have to be
reduced gradually during 2005 - 2010 by the rate of 3 m3/s

per year.

Considering these assumptions, the second stage of Juquia -
Saa Lourengo Project has to commence the operation in 2007, because
the supply capacity in this year sill be 108.5 mg/s instead of
123.5 m3/s mentioned before.

Figﬁre 1I1-2.6 indicates the demand and sﬁpply balance up to
2007, considering these agssumptions.

It is important to mention that Cantareira System will have
anticipation with the great probability to be limited after 2005.
Available water resources evaluations and demand forecasts made by
DAEE in the Pifacicaba River and neighbour basins during the year
of 1980 - 1981 are concluded that the scarceness of water in these
‘river basins are very critic, as the industrialization and the
population growth are fastly increasing.

Considering this feality,‘it is not imposéible to suppose that
the operation commencemeunt schedule.of soile facilifies have to be
alternated. In this case, the Sdo Lourengo Reversible Power
Séation pianﬁed for 1996, also have to be alternated.

Accordingly, when the following limitations are considered;

- Alto Tiete System with 7.0 m3/s congidered in this study
has to be neglected in order to release water for irrigation

and sewage dilution in highly polluted Tiete River.

- Cantareira System with 33 m3/s has Lo be released 5 m3/s to

its downstream Piracicaba River Basin in 1990's.

As decreasing capacity is estimated as 12 mg/s, Sdo Lourengo

Reversible Power Station has to be commenced the operation in 1997,
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a) CONSIDERATIONS:
Assumption "A"

1} Guarapirango Reserveir will uel be able to supply
drinking water in 2000 (+9.0 m3/s)

?} Cantareira system will have to release water to 1ts
downstrean basin during 2005 - 2010 with the rate of
1 w3/s per year (total - 13.0 w3/s)

Assuaption "B"

1) Guarapiranga Reservolr limitations are same as
assomption "A".

2) Cantarceira system will have te reicase 5.0 mjls to
its downstream after 1990.

- 3) Alto Tiete sysiem have te release el more water for
irrigation and stevage dillution in Tiete river.
(~7.0 m3/a).

b} KGTES:

{*)}=Registered minimum monthly discharge
(A+)=%ame as (*) mings 15.0 o’/s released to downstceam
(***)}cAvailability of water supply in Taiaqupeba, Ponte Hova,
Biritiba and Jundiai reservolr is 11.2 m3d/fs, Present
study coaslders 7.0 m34s in order to kecp the remsiaing
water for dowastreao.
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For the purpese of present report, the judgement about these
limitations is very difficult to bé included and it is considered
that furthermere detalled analysis ave necessary. Anyway, it can
be concluded that Sdo Lourengo Reversible Power Station in the
Juquia - SHo Lourengo System is necessary to be operation commenced
during 1992 - ].996' in order to provide the drinking water to the
Metropolitan Resion of Sao Paulo, with an advantage that this
system has very long development schedule, and it is poésible to

be gradually developed.
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chapter 3. Project Area,

3.1

prbject.

Outline of Project Area.

Juquia River Basin, which is the main tributary of Ribeira do

Tguape River Basin, is located in the southeast region of the State

of Sdo Paulo and 1s conlined between the latitudes 23° 50' and

24° 20" south and the longltudes 46° 50' and 48° 10' west respee—
tively. This ig surrounded by Tiete River Basin to north, High
Paranapanema Basin to west, Ribeira do lguape River Basin to south
and lots of small coastal basins. The dfainage area is 5,280 kmn?
corresponding to 22% of Ribeira do Iguape River Basin,

The main tributaries of Juguia River are Sdo Lourenco River
(1,746 kmz) at the left side and Ipiranga and Quilombo Rivers at
the right side. The curse of Juquia River with 230 km runs more less
in parallel with the coastal line and meets Ribeira do Tguape River
at 10 kﬁ upstream of Registro Town. Sdo Lourenco River with 130 km
runs also more 1eéé in parallel with Juquia River and meets the
aforesaid river near Juquia Town.

Figure IIT - 3.1. shows the general plan of Ribeira do Iguape
River Basin and Figure.IIImj.Z. is the general development plan of

Juquia River Basin inclﬁding the longitudinal profile of this

From the geogfaphical viewpoint, almost all the basin is con-
sisted of the coastal lowland and the remaiﬁing part lies in the
coastal mountain chain (Serra of Paranapanema), whence originate
all the tributaries of Juquia RiQer. The relief of this part pfdves
to be very steep such as change of altitude is from 700m on Paulista
Plateau down to less than 40 m on the lowland plain.
- By Koeppen International System, the climate of this region is
classified as "Cfa" for the regions of Juquia and Sao Lourenco
Rivers, and '"Cfb" for the regions of watershed and plateau, .Namely,
Cfa; Humid hot climate without dry season, with rainfall of the
driest wonth more than 30mm, and meaﬁ temperatures of the hottest
and coldest months more than 22°C and less than 18°C respectively.

* The rainfali increases by proximity to the ocean and the steep
slope of mountainous chain, The mean anuual rainfall at Juquia Town

is 1,700mm, with this value increasing at the same rate as approach-

fing‘the watershead where is more than 2,000mm,
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3.2,

3.3.

There are 5 main towns in Juqula River Basin and the population

density does not exceed 20 inhabitants per km?, in which the predomi-
nant part of rural population represents 65% of the total,

Tn terms of land utilization, the basin is poorly exploited,
because almost all the area is covered with jungle and forest. The
basic economy is farming and live-stock and the main agricultural
products are banana, manioc, tea, vegetables, rice and maize,

The local.rbad and rallway systems are in general deficient,
but Regis Bittencourt Railway {Br - 116 - SP-230) crosses the basin
iinking SHo Paulo and Curitiba, and access to Santos is connected

with SP-165 and SP-55 Highway.

Present States of- River Developments.

Companhia Brasileira de Aluminic (CBA) is granted to utilize
the electric power potencial of Juquia River upstream of confluence
with Acungui River.

The total installed capacity of CBA System is 225 MW, though

at présent operating 163 MW as shown in_Table ITi-3.1, and the

loecations of the above mentioned power station is also shown in

Figure I11-3,2.

‘Sdo Lourenco River and the downstream of Juguia River have not
been develbped at all.

Utilized water for Grande Sdo Paulo is flowed to the both
rivers of Tiete and Pinheiros as sewagé, which is pumped up by the
two pump stations to the existing Billings Reservoir through the
canals of the above mentioned rivers. The.gathered water info
Billings Reservoir is transférféq to Pedras Reservoir through
Summit Control with gates and utilized for the hﬁdroelectric power
generation by means of naﬁely Cubatﬁb F.I and 11 Power Station with
460 MW and 420 MW reéﬁectively and then flowed down to Cabatac
River.

Many kinds of.industries are using the water as industrial use

along the above wmentioned river.

Outlines of Development Plan.

This project has two main purpose, namely, water supply to
Creat S3o Paulo and hydroelectric power generation to supply the

electric peak demand of the southecast districts.

~ 141~



—142—

ﬁ |
] .
8L8T 7T T T°%§ 15 €8 m FATA BIITIIG
|
| |
7L6T L < 7rEG 761 Lee i 969 T WTIDATY
| m | |
| | ﬁ
7861 87 T 8706 ST ey 90¢ £7E°T os®EY ¢li1cg
u, i
. Toil 1 “
—ONIISULDT ITPUn 5¢ 7 i LE | 90T 0y ECBET $EdOog oxaend
ﬁ _
m !
£96T m Le Z we €71 AR 9601 Bdsung
| | | |
.. 3561 i o T | 2 _ 0T 099 556 ebueay
M | i ” I .
,m m _
} uworimamde m My (s/gu) _ (u) _ () (Z09)
M 10 xBBX W Aa1oeden | azun 10 281BYydSIq pesy : Taaaq ? awey
| URRESUAWNOD | pRTTRISU] | amquny W BTQETTBAY "XE| | #TYRTICAY .Mmz._uwuwz TRRION | w9y efrureag
: ; N . I "
‘UTSEg 49ATY BTADAL JO UOTITIS A3MO4 013I0aT00iPAH 1T E-IT1 ATQEL




The former 1s to transfer the water from the lowland basin to
Guarapiranga River Basin through the upper basin by means of the
series of pumping-up system in order toISupply the necessary water
demand of Creat Sdo Paule in the Future of which water demand is.
forecast to be 177 m3/s in 2040, This system compfiées the com—
biuatioﬁs of dams, reservoirs, canals, pipe lines, pump stations
and reversible hydroelectric power station. This system is shown
in Figure IT1-3,2.

Though thils system is at the pre-feasibility state now, the
progress of this system will be able to be divided into two main
stages; the fJ1GL stage consists of utlllzatlon of Juquia River up
to the con[]uencg with Sac Tourenco River near Jugquia Town, the
second stage, in its return, involves the development of the water
regsources of almost whole of Juguia River Basin,

| The latter is reversible hydroelectric power generation to
supply the peak demand to the districts near-by which has two power
StdtlDﬂ&, the first one is located at the most upstream of Sdo
Lourenco River, where is 560m water head diffFerence between this
river and Paulista Platéau calied the upper basin so that the co-
operative facility for water sﬁpply and eleétric generation sectors
is planned at this location to ﬁéke'ecénomize this project.' Installed
capacity is adopted as 2,835 MW (9 units) of which capaéity has to
be studied furthermore to find out the most economical solution from
now on. The second reversible power statlon is located mnear the
existing Cubatdo Power Stations, of which power .station is plaaned
to pump-up the utilized water in Great Sac Paule through the canals
and pumping stations of Tiete River and Pinheiros River to the
existing Billings and Pedfas Reservoirs, from where theé water is
wtilized for the compoundéd type reéérsible:hydroelectriC“power
peneration with 695 m head difference by means of Cubatdo Lower
reservoir constructed in Cubatdo River, Tough this power station is
able to be planned as a general hydroelectric power statlon with
Pelton type turbines, the compounded reversible type with capacity
of 2,400 MW (8 unit) is adopted in congsideration that the available
discharge is increased year by year by the necesséry.water supply
capacity for Creat Sio Paulo so that economical deﬁelopment scale

has to be studied from now on.
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CHAPTER 4

HYDROLOGY AND METEOROLOGY
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chapter 4. llydrolopgy and Meteorology.

[/

4.2,

‘Outline of Hydrological and Meteorological Conditions.

The project area is sltuated at the highland limited by Tiete

river Basin to North and the lowland of Juquia River Basin. The

2

drainage area is 4,352 kn® with the main part of jungle and moun-—

tainous area of the lowland, with annual precipitation of 2,360 mm

~and 1,950 mm and mean temperature of 19°C and 21.2°C at the high

and lowlands respectively. Annual specific run-off at the'highland

area is 4.0 m3/30c. 1006 km? and at the lowland area 3.0 m3/sec.

100 kmz, and the number of days of precipitation is 130 annually

and 160 days at the above mentioned areas respectively.

Run-off and Rainfall Gauging Stations.

There are numerous run-off and rainfall gauging stations in the
project area and the surrounding area are 27 stations for the former

and 75 stations for the latter as shown in Figure I1I-4.1.

Temperature and Evaporation.

According to measured data at the meteorological gauging stations
at Sdo Paulo'ﬂniversity and JuQUia, of which data can be considered
to be representative for the upper reach area and the lowland area
of this project, annual average temperature and total evaporation
are obtained aé 19.0°C and 21.2°C, 1,360 mm and 900 mm respectively

as shown in Table [iI-4.1. and Table T11-4,2.
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Table 111-4.1. ‘temperature in °C.
o $ie Paul University JUQuiE
maxfmam mean minimun maximum mean winimum
Jan 32,2 21.8 14.7 38.0 24,7 17.3
Feb 32.3 22.3 15.0 38,2 25.2 18.1
Mar 32,3 21.9 15.6 36.5 24.2 16,5
Apr 29.6 18.7 10.8 34 .4 21.6 12.8
May 27.6 16.9 7.5 32.6 19.5 9.8
Jun 27.1 15.9 6.5 31,2 18,2 7.3
Jul 27.8 16.4 6.6 31.5 17.8. 7.4
Aug 30.5 17.3 6.7 32.6 18.1 8.6
Sep 31.1 17.6 8.8 33.2 18.9 9.7
Oct 32.4 18.7 11,1 35.1 20.3 12.1
Nov 31.7 19.9 11.4 36.7 21.8 12.8
Dec 30.6 20.6 13.1 36.9 23.8 15,2
average | 30.4 19.0 10.6 34,7 21.2 12.3
Table III~4.2. Evaporation in mm.
Siao Paulo 3 L
University uquia
Jan 136.3 106,8
Feb 132.3 104 ,4
Apr 93.0 59.6
May 80.0 50.0
Jun 72.3 61.3
Jul 85.9 46.5
Aug 113.1 54,7
Sep 110.7 60.7
Oct 133.2 82.0
Nov -144.8 97.5
Dec 133.9 105.8
Average 1,360.8 904 , &
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4.h., TPrecipitation,

Consistency analysis of precipitation data
‘ecarried out and the result of analysis shows 51
sible to be used with common period of 20 years

The seasonal variation of precipitation at

for 75 stations are
stations as pos-—
from 1959 to 1979.

the representative

gauging statiqns'for the project area is shown in Table III-4.3.

The period from December to February is the rainy season and from

June to August the dry season.

Table I1I-4.3 Representative Precipitation in wmm,

Highland Area Lowland Area
Ibiuna Alves Ttariri Pedro Barros

Jan 202.3 | 295.3 248.2 222.4
Feb 177.2 246.2 241.1 206.3
Mar 135.8 217.5 223.0 169.8
Apr 66.1 _ 145.4 149.8 89,2
May 62.4 86.9 82.8 87.4
Jun . |, 51.7 74.1 52.9 57.8
Jul 41,6 72.9 51.4 56.0
Aug 42,2 76.0 49.5 50.1
Sep 89,2 121.3 79.6 85.0
Oct 138.7 173.1 138.6 134.3
Nov 136.8 174.0 127.8 108.2
Dec 216.,0 250.6 180.5 183.7
Total 1,360.0 1,933.0 '~ 1,625.0 1,447.0
Average 113.3 161.1 135.4 120.6

“Figure 11I-4.2 shows the geographic variation of precipitation

by means of average annual isdhyets from 1959 to 1979.

the annual: variation of precipitation for the representative

gauging stations as mentioned above is shown in Figure ITI-4.3.

The hydrologic years from 1975 to 1976 at Alves

observed to be a very high annual value such as 3,220 wum.

the four stations give rainy periods simultaneously as well as periods

with less precipitation.

- 153~
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The aunber of days of precipitation less than 10 mwm per day at

the high and lowlaud aveas ig 300 days annually which mean that work-

able days a year show move than 80%.

4.5. Estimatdion of Run-olf.

4.5.1.

Available Runwoff Data,

Data at the 27 run-eoff gauging statiéns are collected and
analysed to determine the run-off potential in this project, and
the 16 stations have been observed.in terms ol average daily
discharge up to the present.

The following run-off gauging stations have long period
datas Juquia and Barra do Acungui at Juquia River, and Pedro
Barros at Sao Lourenco River since 1938,'Franca_at Juqﬁia River
from 1913 to 1952 and Cuarapiranga at the same name river from
1906. These data are utilized as a main base for the correlation
analysis and the extension of monthly run-off series.

These procedures provide series of data for the period from
1938 to 1979,

According to seasonal comparison studies of distribution
between precipitation and rus-off, the both have the same annual’
fluctuation, that is, December to February is the wet season and
June to August the dry season. _ _

Juquia River Basin can be seen to have high water potential
in comparisén with other similar river basins in Sdc Paulo State,
that is, this basin preSenté that specific average discharge at
the downstream of confluence with $do Lourenco River is 3.0 m3/s.
100 km? and at the beadstreaﬁ 4.0 m3/s, 100kmZ.

~Monthly correlation studies among the originally available
periods 'at the selected stations are carried out to extend the
unrecorded périods and to determine the monthly inflow at the
given damsifes.

Names and recorded periods of the run-off gauging stations

to make correlation analysis arc shown in Tabie ITI~4 .4 and also
correlated_équations and coefficients of each correlation are
shown in the same table, from which good correlation factors can

be observed.
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Appendix-A show the established monthly run-off date frowm
1938 to 1979 at Juquia, Pedro Barros, Pedra do Largo, Silvas,
Rosas, Olaria and Embu Guacu Run—off Gauging Stations. These
data are utilized at the given damsites which are also shown iu

Table 111-4.4.

Run-off Hstimation at Damsities,

The average monthly run-offs from 1938 to 1979 at each run-
off pauging statiom are carried out by means of correlation and
extension as mentioned.in the preceding item,

The relation analysis of average run-cff verSus drainage

area is performed and two main trends are observed; the one is

related to Sdo Lourenco River and Juguia River, downstream of
Acungui River confluence, and the another to Juquia River Basin,
upstream. of CBA (Companhia Brasileira de Aluminio) Power Stations
as shown in Figure I1I-4.4 and the following équations are

established:
Q = §.086A7° - for the first trend
Q= 0,094 for the second trend

Where: Q is run-off in m3/s

A is drainage area in km?

The monthly inflow at a selected damsite can be estimated,
using the_aboﬁg mentioned equations, based on monthly run-off
series at a run-off gauging station as close as possible and on
application of drainage area relatipon between local site and
gauging station. ’

: The monthly run—off series at Cubatfo Damsite is.taken from
the report “DESENVOLViMENTO GLOBAL DOS RECURSOS HIDRICOS DAS
BACTAS DO ALTO TIETE E CUBATAO - Plano Diretor de Obras - Vol.
V1", which are shown also in Appendix-~B. This monthly run-off
series for the period of 1912 to 1965 is estimated from the
monthly run-off values at Capivari Gauging Station. For the
estimation, it is utilized the drainage area relation and taking
into account the annual precipitation data and evapotranspiration

rates at Capivari and Cubatdo River Basis.
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4.0,

‘4'"().

1)

3)

4)

5)

fetimation of Design Flood.

Tt is decided for the desipgn Flood of the several reservoirs on
this system to adopt the procedures recommended by Bureau of Reclama-
tion and U.S. Comnmittee on Large Dams by reason of insufficiency of

Specific'aud necessary hydrological data for more study in detail,

1. FEstimation of Design Ralnstorm.

The main considerations to estimate the design rainstorm are

gummarized as follows;:

Alves and JTtariri Rainfall Stations are assumed to be representative
for design rainstorm determination of the pléteau'and the lowland
areas respectively after analysis of several stations, because there

is not other sufficient rainstorm data in this project area,

Though the times of rainstorm concentration in all river basins are
verified to be generally less than 10 hours, the 24 hours rainstorm
duration is adepted in accordance with recommendation by the Bureau

of Reclamation.

The relation curve between total rainstorm value and the area made
by U.S. Weather Bureau for the 24 hours rainstorm duration as shown
in Figure TIT~4.5 is adopted to determine the total rainstorm

intensity at the given drainage area.

figure ILI-4.6 shows the dimensiouless time and rainstorm distribu-
rions graph of the recorded main rainstorms at the plateau and the
Qqastal regions, in pnd around the objective area, and the mean time
distribution of the ﬁain storms at Tlha dos Paulistas is assumed to
be representative dﬁér the project area. This curve is used to
determine 24 hours rainstorm duration with 1 hour pitch, and Table -
ITI.A.S.Shows the standard desaggregation of the above-mentioned

curve.,

In l966, the Astronomical and Geephisical Institute of Sao Paulo
University realized a study to establish relations between maximum
rainfall of 1 day and 24 hours durations based on annual series
from 1928 to 1965 obtained from ﬁhe simultancous observation data

in Sao Paulo City. "the results show that, in terms of rainfall
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depth, the average of ™ day" and "2 days" rainfall can be consider-
ed as cnough representative value for 24 hours raiunfall duration

which corrvesponds to the Foltlowing equation;

P P
;32 hhy = _.1 7_(1_5_114_;‘__-“_3__("19#)(;3

6Y Assuming the above mentioned velation, study of return period fre-
quency analysis with the applicable data at Alves and [tariri
station mentioned before is carried cut to determine "I day and 2
days" maximum rainfall of several frequencies and further to
estimate 24 hours rainstorm durations of correspondent frequency,
The probable Erequency distribution adopted is Pearson Type IIT at
‘Alves and Log~Normal at Itariri Stations respectively, of which
the former frequencies are appliéd for the plateau -basin and the
latter for the lowland basin. Table 1II-4.6 shows the results of

return period frequency analysis for the above mentioned basins.

Table iIIHA.SI— STANDARD OF DESIGN RAINFALL

7 N T ACCUMULATED RAINFALL
{hours) o (%) : (%) (unit)
1 4,17 7.6 0,076
2 8,33 14,9 0,149
3 12.50 22.4 0.224
4 16.67 29,5 0.295
5 20,83 36.3 0.363
6 25,00 ' 42.7 0.427
7 29,17 . 48.9 0.489
8 33,33 54,5 0,545
g 37.50 60.5 0.605
10 41.67 65.5 0.655
il 65,83 70.3 0.703
12 50,00 75.0 0,750
13 54.17 78.9 . 0.789
14 - 58,33 82.5 0.825
15 62.50 85.9 0,859
16 66.67 88.7 0.887
7 70.83 91.3 0,913
18 75.00 93.4 0.934
19 79.17 95,2 0.952
20 83.33 96,6 0.966
21 87,50 98,0 0,980
22 91,67 99.0 0.990°
23 95,83 99,5 0.995
24 _ 100.0 100.0 1.000
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table IT1-4.6 -~ Degign Rainstorms.

Design Rainstorms (mm)

Return Period “%igﬁé;;wgégin ------- Lowlaﬁd Basin
(years) (N=55) (N=42)
1 Jéy 2 55§§‘ 24 hours 1 dé; 2 days | 24 ﬂéurs
10 185 | 231 208 161 194 178
25 256 314 285 197 234 216
50 31t 381 146 225 264 245
100 369 449 409 252 295 274
200 427 519 473 281 326 304
1,000 566 686 626 350 401 376
10,000 769 | 930 850 458 517 488

(Note) Observed period: 1938 - 1979.

4:6.2, Estimation of Design Flood.

The design fldod'is determined by gynthetic unit hydrograph
method because of lécking.bf specific unit hydrograph at each
river basin. | . '

It is assumed that the hydfograph produced directly by
rainstorm over the reservoir is admitted as similar area to
maximum normal water level, and that, as design criteria, floods
produced by rainstorms of the return period T and the mean curve

numbers of CN are as follows;
a) Spillway Designing

Curve number

CN = 70 for plateau basin.

for lowland basin.

it

CN
design return period; 1,000 years.
exceading hazard ;v = 5%

k) Diversion Designing

Curve number CN = 40

Design return period; 25 years,
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The ON value, mentioned above, vepresents a relation curve
boetween rainfall and resullant run-off selected by hydrolegical
classification of soil groups of the rviver basins which are
assumed to be covered witﬁ game classification as well as to
have the antecedent moisture conditions of the considered soils,

The tesults of spillway design Flood studies for each
damsite at this stage taking into considerations of the design
rainstorms described before and the above mentioned are Showh in
Tahte TI1-4.7, and cach design hydrograph and regulated flood

curve at the given damsite is shown in the respective drawings.

Cubatao Design Flood,

The design rainstorn at Cubatao river basin was estimated
by following depth-duration-frequency relationship derived for

Rio das Pedras Rainfall Station:

p= 12,63 1001010, (4 45700265

where:

=l
i]

rainfall depth in mm
T = return periecd in years

t = duration in minates.

Tt was adopted the mean curve number ofJCN:YO for spillway
designing,

The Design Flood llydrographs were obtained by ‘the Bureau.
of Reclamation procedures except the unit hydrograph and the
storm distribution curve which were taken from the report
"OBRAS DE APROVEITAMENTO E CONTROLE DO RTO CUBATAO - istudos
preliminares de viabilidade_technica, cconomica e financeira"

developed by HIDROSERVICE,
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4.7,

CTable - 111.4,.7

_ Drﬂinagé ' Desglgn Peak Flood
‘Name of Dam Area Rainstorm | Flood Volume
(km? ) {mm) (m3/s) (10%m3)

SR-5 69.0 626 676 35.7
EG-3 57.0 626 581 31.3
CH~2 7.0 626 14,7 4.1
JR-1 135.0 626 1291 69.7
Gb-6, LH3 55.3 626 530 31.6
LH~ZA 141,2 531 1008 54,2
Li-1 208% 376 865 46,3
B-1 342% 376 1337 73.1
B-2 1898, 5% 376 3142 377.0
Cubatio - 128.0 580 1820 51.8

% Partial Drainage Area.

Sedimentation

The.aspects of Sediﬁentatiou quantity on this project are con-
sidered to be quite different by the geographical and vegetation
conditions, namely, thée suspended materials are dominant on the upper
basin and the downstream area of lower basin, on the other hand, the
bed loahs are superior on the upstream area of lower basin and
Cubatdo River.

The available data on sedimentatioﬁ are not obtained on this
project so that sedimented quantitiéé at each reservoir are assumed
that those will be'depénded on the drainage area and the reservoir
capécity, because the sedimcantation by the landsliding especially
around the resefvoir after elimination of vegetation will be
geographicélly the most predominant factor.

Accordingly, the following experienced formula is adopted to
estimaﬁe the quantity:

V. 0,58

q, = 0.14 (K)

Where, dg ¢ sedimented quantity (m3/km2.year)

| ' V i reservoir capacity (m3)

A ¢ drainage area (km?)
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Psrimation of sedimentation is usually difflcult matter so that
the careful study, especlally periodical measurement of suspended
materials in rvelation to flow discharge, is judged to be important

according to the field investigations,
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GEOLOGICAL FEATURES
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ghapter 5,  Geological Features,

5.1,

[T

Geoworphology .

The project arvea is conslsted of Juquia River Basin and the up-

stream reach ol’ Guarapiranga River. From the geomorphological view-

point, this arca can be divided in the four distinct zones;

(1)

(1)

(117)

(IV})

The Dry Plateau Zone, with area of hills and muddy grounds and
flooded plains between the tablelands, which is rthe basins of
Santa Rita River and the rivers of Embu~Guagu, Alto Juquia and

Ribeirao Grande,

Escarpment Zone of Cubatdo Sierra, with steep area and enclosed by

rivers, which is the basin of Sac Lourengo River,

Cordillera Transition Zone, between the lowland and the plateau
land, consisting of steep area and enclosed basin by Sio Louréﬁqo
Cordillera which are embraced by the basins of middle and lower
Sto Lourenco River, Ribeirac Brago Grande and middle of_Juqﬁia

River.

Lowland Zone, with basin of wide alluvial plains, river-saltbeds
with terraces twisting around various lands; which are Juquia,

Sete Barras, Registro, Tpiranga, Fundo and Quilombe River Basins.

.2, Regilonal Geology.

The dominant geological features of the plateau area, cordillera

and lowland are consisted of metamorphic rocks with medium and high

degree of metamorphism of gneiss and schyst types, more or less

migmatite interspersed with granite body of the precambrian age which

is covered with layers of Tesidual soil and or alluvial terraces,

The metamorphiec rock layers are complexed and intercalated with

various minor litholegies, sueh as quartz, calcareocus, schist, dikes

and sills of diabase, various granulites, marble and so on.

Intersected great faults run accross the region, such as the

faul't zone of Cubatio, the Itariri Fault and the Caucaia Fault as

well as other smaller ones. These faults divide the rvegion into

three great geological blocks; Juquitiba Block to the north of the

Cubatdo Fault, the Coastal Block to the south of the Cubatzo Fault
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and the Ttatina Block located to the south of the Cubatdo Fault and
the west of the ftaviri Fault, '

Tn the Juquitiba Block, in which the basins under study arve
tocated, schistic wmigmatitic gnelsses are consisfed containing minor
bodies of quartzite and amphibolites, while the litholegy of litoral
bloék presents gneisses with and without visible migmatite structures
and granulites as well as granites. .

In the Cubatao Fault Zoune, there occur vast areas of schist,
Eiotite and chlorite with interlacings of phylite, quartzite and
chalcosilicate, of which atea extends from Quilombo River as far as
‘the upper reach of Sao Lourenco River.

Supérimposed on these formations, there appear sédimehts from
the tertiary age up to the present, mainly alluvial, They are the
formations of Sao Paulo and Pariquera-Acu, consisted of conglomerate,
sand and clay disposing in strongly packed lenticular 1ayers, but
the quaternary formatious being comparatively unconselidated.

‘The alluvials of plateau area arve usually ample and coarse to
fine, On the transition cordilleras towards the lowland, the alluvials
are geherally'large and anastomosed, though no occuring in large
widths. - 1n -the lowlands,.the alluvials are complex and frequently
mixed type, which wmean that the materials show to be déposiﬁeﬂ in
‘continental water such as strong marine actions. They are in'generél
wide énd thick with well defined terracing caused by past oscilla-
tion of the sea level. . _

In case of the folds, it is generdlly seen that rthe roéks'present
their main foliations as folded schistic bands, frequently transposed.
Such feactufes give evidence of various stage of folding, The most
cecently generated folds present NS0° - 60°E in the Juquitiba Block,
N20° - 30°E above thejalignment of Clipo, EW to N80°W approximately
inthe I[tatins Block..

Figures I11-5.1 and T11-5.2 show the_geologicél map of the project
area. The complilation of these maps are based on the data of land
marks of regional geological mappings on a scale of 1:250,000 as well
as some observations mainly at the upper basin of Sao Lourenco, Also
photo interpretation are done using aerial photographs on a scale of

1:40,000 to make these geological maps.
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5,.3. TLocal Geological Features.

As already described before, the projecl areca can be divided into
four distinct regions. Some geological features for each. region are

described below.

5.3.1, Plateau Region.

The Ribeirao Grande, Rosas, Cachoeira, Embu-Guacu and Santa
Rita Reservoirs ave located in this region with dams such as GD-6,
LH~3, RJ-1, GD-2, CH-2, EC~3 and 5R-5 and great thick remaining
gsoils are seen in association with low encircles hills and wide
basins, These thick sqils partially eliminate the influence of
fractures and faults in the condition of relatively low water-
tightness.

The main aspect preserved in these soils are mature with
surface eclluvial action effects,.

The soils associated with the alteration of migmatite are,
as a rule, sandy clay and clayey silt sand, The gneiss~migmatite
soils are clayey silt sand and China clay tending to present
boulders at certain 1éve15.

The granite alteration soils are of yarfing thickness
bresenting.both outcropping boulders and solid rock itself.

‘Fractufes detected by radar scan and photographs are fearved
to affecf to the dam axis JR-1 which is located in a transverse

position to one of them.

5.3.2. Silerra Escarpmenf Region,

Dam site LH-2A located on the sierra escarpment, lie in an
area of geological influence of Cubatao macro-—-fault zone. On the
éééarpment region, the depth to rock is relatively thin with rock
outcropping mostly at the botton of valleys. Although there
occur regionally talus and colluvials in zone, iarge bedies are
not found. Since the slopes are steep and there are excessive
coverings of.soil in this area, some problems may be eﬁpected of
Stability ou the bank slopc around the reservoiv so that these
matters hiave to be the subject of more detailed investigations
from now on.

Along the waterway ol Sao Lourenco Reversible Power Station,

highly concentrated crack directions are found, wore over some
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5.3.4.

faunltr zones are surely observed so that geologleal investigations

have to be performed before hand to determine this layout,

Cordillera Transition Region,

In the cordillera transition, dam sites of LH-1, B-1 and
B-4 are located, where the Temaining soil thickness is. less and
incidence of colluvial and talus is higher, The slopes are {re-
quently concave and the younger undulations are found being com-
pressed on the geological structures. The rivers are generélly
closed in either along the stretch of schistosity or along the
fractures. _

Although this region may be more favorable to find rock
material, there arc probabilities that geological structures are
stressed by the influences of varicus faults and Fractures
especially at the relatively high slopes so thalt they have to be
investigated closely and carefully from now on to assess their
characteristics, The rivers are sometimes flowing through rock

formation and present blocks of rock and boulders along theilr

course,

Foundation of dams are_geﬂerally migmatite with dam site of
LH~1 being cut by a possible fracture, B-1 located sub¥parallel

and close to a line of eventual fracture and axis of B-4 situated

“in Cubatao Fault Zone.

Low Land Region,

In the low land region, three notable geologicéllfactors are
found:
Extensive alluvial plains consisting of very various soils
with terraces
Complex lithologicel foundation.
Great density related to faults,

This region is situated.at the confluence or tangent of the
two great zones of apcient fault, namely, Cubatao and Juguia
Féults. There still occur more recent faults of mesozolc action
across this region,

Dam site of B-2, derivation of Juquia River, locates at the

conflyence of Juquia and Cubatao Fault Zones and iLs axis is
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5.4

transverse to the cataclastice foliation of Juquia Fault, This

rock foliation shows a wmasslve, laulty phylite Formation.

4, Geolopy at Dam Sites.

5.4.L, Dam site ol GD-6,

5.4.2.

The planned dam axis is located on Ribeirao Grande, ﬁear
the confluence with Jugquia River, The river-bed elevation, at
thig dam axis, ig 670 m with the both banks comprising rugged
terrain.,

. The dam site is located on granitic zone of the pre-
cambrian pericd, _

Judging from the results of geophysical iﬁﬁestigations, the
weathered soil has a minimum thickness of 10 m at the both banks
and 3 m at the river-bed, The elevation of the bed rvock is 665 nm
at the central part of the valley and the bed rock has a téndéncy
of the higher elevation, the”deeper at the both bénks;

The slope wash at the boﬁh banks is sandy clay with silt
and its thickness is 1ower.than 2w, |

As for the dam foundatien, the weathered rock zone with
1.2 km/sec, of seismic speed is judged to be enough considering

the dam héight'oﬁ 45 m by means of the field investigations. The

bed rock of granite is supposed to be not so cracky, but some

Foundation treatment with grouting may be necessary.

Dam site of LH-3.

The planned dam axis is located on Sao Loureuncinhe River,

“about 2 km dowstream from the limit of the drainage area. The

river—bed_eievafion is 670 w and the both banks are very steep.
Topographically, Ehe neighbourhood of dam site is cousisted
of Very complicated features which are shown to be gedmOrphologic—
ally caracteristic of the pre%caMbrian period and there is not
any recommendable dam site near by there accerding to the field
investigation, fhrough the gradient of river bed is sowmewhat
stecp for the dam construction.
The lithology of this site consists ol heterogeneous
migmatite, Al the north of the reservoir there are foliations
with INE direction.’ Regionély, the principal structures have

NE orientation.
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5.4.3.

There is not any expressive alluvial deposit or quarry but
it is possible to expect enough clayey borrow areas.

According to the results of boring investigatioms, the col~
luvial layer which is'composéd of sandy clay with silt has a
thickness lower than 2m. The weathered soil is a sandy silt with
clay and it has a thickness lower than 10m, Two water pressure
tests made in the soil indicate a coefficient of permeability
about 2 x 107 3cm/s in one case and 5 x 10-5cm/s the other.

The dam foundation is judged to be enough at the upper zone
of weathevred rock line taking account of the dam height of 40 m,
but the bed rock is supposed to be somehow cracry, o have con-
centrated crack divection judging from the field investigations
80 that.the foundation treatment with grouting is necessary to
keep the watertightness especially at the saddle portion, Further-
more, as the river gradient, especially near the saddle portion,
is a little steep for the dam [oundation, carefﬁl excavation to
construcf the dam has to be executed to make the dam stable in-

cluding dam foundation.

Dam site of LH-ZA.

The dam axis is located on Sao Lourencinho River, 16 km
upstream of the dam site of LH—I; The river bed elevation is 60 m,
The difference in level betﬁeen the top:and the down portion of the
valley is higher than 200 m and the right bank is steép but the
left is gentle which is supposed to be the trace of landslide,

The litﬁology of this site cénsiSts of heterogeéneous migma—
tites and cataclased rocks. The migmatites presents foliation

with E-W direction. Regionaly, the structures have N70°E and

" N80°W directions. The valley of Sdo Lourencinho River is at the

Cubatao Fault Zone.

Judging by the results of geophysical and boring investigAH
tions, there is a superficial colluvial soil consisted of sandy
clay with silt with maximum thickness of 3 wm. Bellow this layer
there is a quartz-schist weathored 50il with a thickness varying
from 5 to 20 m, This layer is covered with a weathered quartz-
scﬁist that has a mazimum thickness about 40 m; Under this;
there is a sound qﬁartz—schist that presents a surface justly

parallel to the topography.
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As for the dam foundation, a little deep excavation‘is neceg-—
sary, specially at the lelt bank, to keep the dam stability and
some foundation treatment with grounting may be necessary though
the exposed vocks are shown to be massive according to the [ield
investigations.

The geological and rock mechanical investigations are not
executed yet as mentioned about so that these investipations have
to be performed from now on considering topographical and

geological conditions.

5.4.4. Site of 53ao Lourencoe Reversible Power Statiom.

According to the geoclogical survey, the following tvpes of

rock occur at the site.

. Biotyte-gneiss: Occurs along the valley of S3o Lourencinho
River and in several outcrops at NW direction. Its principal
features are the gray ceolouration, medium graining and a

characteristic feature of gneiss,

. Quartzites and chalcossilicates quartzites: Occurs intercala-
ry in small portions as lens features with a maximum lenght

of 100 m and axve composed basicaly of quartz,

. Stromatites: Is the principal lithologic unit of the site.
This i1s a metamorphic rock with granitic formation and it

has good mechanical properties,

The intake is situated in a small basin fulfilled with a
thin layer of saturated alluvial.sediments. The adjacent small
hills have differences in level of 30 m. According to the
geological investigatibné, the transition éf so0il to rock has a
thickness of 50 m at the site of the intake and 30 m at middle
hillside. At the top of the hills, the thicknéss teﬁds towards
40 m. Along the axis of the headrace tunnel and at the surge
tank site, the transition of soil to rock maintains the mentioned
.thickness. At the site of the outlet, the rock is exposed or
recoverad with a thin layer of sediments. The end portion of the
tailrace tunnel is at a steep slope with a dense weathered soil,
After crossing the transition of seil to rock, the tailrace tunnel
as well as the underground power liouse ave situated inside the

sound rock,
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5.4.5.

According to the field investigations along the existing
forest road, some fault sones and concentracted crack divections
are observed so that carceful and detailed geological and rock
mechanical investigations after taking into careful considera-
tions of the field geological investigations arve quite'imporfant
to get the necessary informations for making the layout power
structures, designing cach structure and developing the construc-—

tion procedures,

lLower dam and power structures of Cabatdo Compounded Reversible
Powetr Station.

The planned dam axis is located ou Cubatdo River, about 400 m
downstream of the bridge of Imigrantés Highway and 5 km upstream
Cubatao City.

The river-bed elevation, at the dam axis, is 5 m, The left
side of the valley comprises the Cubatdo Sierra and the dif-
ference in level Between the top and the down porticn of the
valley is higher than 700 m, At the right side, this dif-
ference is about 100 m. |

The valley of Cubat@o River is at fhe Cubatde Fault Zone and
the Lithology consists of gneiss and schis£ of the pre-cambrian
period. .

The right bank is situated at a zone of schist and presents
amall areas with colluvium and talus. ‘The left bank is at a
zone of gneiss and has large areas with talus which are suf~-
fering creeping. After the filling and dﬁring the operaﬁion of
the ieservoir'it will be possible to occur a disturbance with
this soil affecting the foundations of the highways that cross
this drea. '

According to the results of boring investigatiouns, the
alluvial layer that exists along the foundation of the dam,uhas
s thickness of 13 m and a width of 250 m. 1Its coefficient of
permeability is 3 x 10“1cm/$. To solve the problem of percolation
through the foundation it will be necessafy to construct a blanketl.

The underground structures of Cubatdo Compounded Reversible
Power Station are situated at left bank of Cubat@o River,

The rocks of this sile are of Archean and Proterozoic Age

(Sag Roque Series). The upper portlon of the waterway, including
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the headrace and the penstock are situated in grey biotitic
feldspathic gneiss with minor zones of schist, At the surface
there is a layer of overburden and weathered rock consisted of
red and yellow Sandy, very soft decomposed rock and residual
bouldérs, with a thickness varyling {rom 10 to 50 m.

The tailrance tunnel érosses layers of quartzite, quartz-
schist, dolomitic marble, white and grey marble. The thickness
of the weathered rock reaches a maximum of 70 .,

The strike of the schistosity of the gneisses and schists

varies between N30° - 75°F and it is essentially normal.

Geology in Reservoir Arvea,

The ﬁpper and lower reservoirs are situated in distinct environ-
ments., The upper reservoir is at the plateau region, which consists
of quartz-micaschist, quartz-schist and migmatites; Near GD-6. axis
there is a granitic body.

The direction of the rock foliation is NE and the dip is sub-
vertical, Ceneraly, the relief presehts mild slopes with ésyhetric
valleys, The erosive process at ;he site is laminar type and it is
increasing as a result of acﬁual bcéﬁﬁation. It is also observed
that the s;eép sléﬁés'aré submitted to slow creeping.

According to the geological investigations, there is a thick

layer of ﬁeathered_rock,_including soil, covering the bed rock. The

‘lowest thickness of this layer, at the valleys, is around 15 m and

the maximum vreaches 80 m,

The lower reservoir is at the Sierra Escarpwment Regien, in an

area of geological influence of Cubatdo Fault Zone., This site

comprises migmatite, quartzschist and dikes of basic rocks, The
foliations and structufes maintain the same direction as mentioned
for the plateau region.

The topography éxhibits steep. slopes with narrow valleys. As
a result of the procédent facts it occurs creeps and slidings, This
phenomenon affécts to the restrict areas, but éometimes it can occur
in -large spaces,.moving great volumes of material. ‘Tthis kind of
degradatibn is a characteristic of Sierra Escarpment Region and has
te be the subject of more detailed investigatious to prevent problems

around LH=-2A reservoir,
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Along the valleys, the rock emerges and, at the hillsides, there
are thick layers of weathered rock, VFrequently, at the base of steep
‘glopes, there are deposits of talus, Sometimes, the slidings expose
the sound rock.

The transition of soil to rock which is submitted to creeping m
movements, presents some descontinuities which are suffering from a
process of opening and therefore have high permeability. In such
case, this weathered rock layers have to be the subject of detailed
investigations, considering the construction of structures and the

operation of reservoirs,

5.6, Construction Materials.

5.6.1, General Considerations.

.

According to construction materials, some fundamental soil
mechanic tests at a few project sites are only performed sc that
the vesults of field investigation are described hereinunder also
referring the above mentioned data. Therefore, the selection of
borrow area for each project site, the field investigations and
the laboratory tests of them are recomendable to be performed

from now.

5.6.2, Dam Embankment Méterials.

Excavated materials are, as a matter of course, to be
utilized as much as possible to make the construction costs of
the project economized considering qualities of material, construc-

tion procedures, schedules and so on.

(1) Dam of GD-6.

Excavated materials for the structures.can be enoughly
utilizable for the dam embankment excepting the organic material
of which soils are classified as SC-SM classes according to the
Standard Soil Classifibatidn. Aigh mica content is observed
by means of the field investigation so that the plastic index
is assumed less than 20%. Therefore, the borrow area with low
mica content and low weathered éoil has to be selected to use
the dam embankment'materialé because of excavated materials

being anticipated not to be enough.
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(17)

(111)

The fine vock at the borrow area must be planned to be used
for the {ilter embankment material,
The coarse rock of it is to be used as much as possible for

the outer zone, namely, semd vocklill zone.

Dam of LH-3,

The weathered and or remain soils are'consisfed of especial-
ly migmatice, Fxcavated materials for the structﬁrcs can also
be usable as same as the case of GD-6. 'Soil characteristics are
classified as SM - SC class and the plastic index is assumed to
be more or less 20% of which value is advisable for the impervious
core material, The borrow area for dam embankment has to be
selected and the necessary soil mechanical tests are recommend-
able to be executed, But the borrow area has to be selected
considering the ground water level, the available quantities and
thie easiness of transportation,

The Filter and the outer zone materials are to be collected

as the same way as the already mentioned,

LH-2A,

'Some soil mechanical ﬁesﬁs are executed for the dam embank-
ment materials and the average values are shown in Table [I1-5.1.
The 'soil classifiéations are the mixed SM, ML, SL and SH and the
gradiﬁg is also desirable. '

The filter and outer zone materials can be easily found out

near the dam site because the exposed rock is observed, and:these

materials are also desirable because ol schist.

Table 111-5.1 Test Results of Tmpervious Core.

[tem Unit " Qualities
$pecific Gravity g/cem3 2.82
Dry DenﬁﬁLy ' glen’ 1.68
Natural Water Content 7 18.0
Optimum Water Content % 18.6
1L 7 45
i : 7 22




(1v)

5.6.3,

(1}

(11}

.(III)

Lower Dam of Cubatao Compounded Reversible Power Station.

The botvow avea for impervious core and rockfill has to be
gelected at the righ bank hill whére.the weathered schist is
distributed containing the reck block, but the embankment quan-
rities balancing and deposited soil depth has to be considered
for the selection of borrvow area. The deposited soils are
assumed as SM, CH classes accovding to the Field investigations,

As for the Ffilter material, the alluvial deposited material
at the river bed is gquite usable so that any problem is not

existing at the damsite.

Concrete Aggregate,

Damsite of GD-6.

As already described before, the bed rock is basicaily
consisted of high mica contented granite. Concrete quantity is’
not big for this damsite and the damsite is isolated so that the
ready mixed concrete, if there is a plant near by there, is most

advisabie in stead of utilization of crashed aggrepate,

Power Structures of Sao Lourenco Resersible Power Station and
Dam Site of LH~3.

Crashed aggregate of excavated rock of the power structures
is most recommendable for these concrete structures, Rock is
basically consisted of schist and migmatite so that quality is
judged to be desirable,

Aggregate plant and batcher plan are necessary to be instal-
led'at'fhe both of upstream and downstream side of pwer struc—
tures,  ‘The programs of utilization of excavated rock are neces-

sary to be carefully studied considering censtruction schedules.

Damsite of L[H-2A.

The most advisable and econowical manufacturing proceduré.
of concrete aggregate at this damsite is to produce it using
the excavated rock of the structures and or trénsporting the rock
from the borrow area of dam embankment materials, hecause the
transportation length of aggregate and or ready mixed concrete

is too loog that means the cost being expensive,
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(IV) - Cubatao Compounded Reversible Power Station,

The three cases are considerable, The first is to use the ready
mixed concrete, the second is to install the:aggregate and batcher
plants at the each location of intake and outlet sides of power
structures to use the excavated rock or the deposited materials of
river bed and the third 1s the combination of the ébove.

The economicql study is the most essential subject about which

case is beneficial considering all of the relevant items.
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chapter 6. Development Plan

6.4

Description of Development Plan,

As described in Chapter 3 on the Outline of Development Plan,

the progress of works can be divided into Twe Main Stages,

The first stage consists of the utilization of Juquia River up

to the confluence with Sae Lourenco River near Juquia Town by means

of the following main works, which have to be said that they are

within the guidelines of the present stage,

Dam EG~3 on Embu-Guacu River,
Dam CH-? on Cachoedira Stream.
Linking up betveen Dam CH-2 and Dawm EG-3.

Pumping up by Pump Station EE-1 from Reservoir JR-1 to Reservoir
CH-2

Dams JR-1 on Juquia River and GD-2 on Grande Steam forming one
single reservoir. o

Pumping up by Pump Station EE-2 {at Dam GD-2) from Reservoir GD-6

and LH-3 to Reservoir JR-1,

=Damé GD~6 on Juquia River and 1LH-3 on Sac Lourenco River forming

one single reservoir,
Sao Lourenco Reversible Power Station to connect Reservoirs GD-6

and LH53 with LH-2A.

Dam LH-2A forming the lower reservoir of Sdo Lourenco Reversible

Power Station and Pump Station EE-8A on Sao Lourenco River.
Dam IH~1 and Pump Station EE-3 . on Sac Lourenco River,
Dam B-1 and Pump Station EE-4 on Sao Lourenco River,

Dam B-2 on Juquia River which is located at the confluence with

530 Lourenco River,

As other alternative, a pondagé'type for the upper reservoir
of Sdo Lourenco Reversible Power Staticn is planhéd to avoid the
vast reservoir area on the upper basin taking into consideration
of decreasing reservoir éleaning cost -to make water clean and of
making no neoessiation to compensate hydroelectric energy loss

for CBA which has river utilization right, and pumped up water is
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diveetly transferved to Reservoir EG-3 through pipe line with pump
atation. '

The Second Stage, In its veturn, Involves the developmcﬁt.of
the water resources of almost the whole of Juquia River Basin., The

main works making up this stape are:
Dam BJ-3 on Juquia River,
Linking up between Reservoir BJ-3 and Fundo River,

Dams FD-1 on Fundo River, IP-1 on Ipiranga River and ¢B-1 on

Quilombo River forming one single reservoir.
Others downstream developments,

Utilized water in Grand Sac Paulo is planned to be pumped up
to the existing Billings and Pedras Reservoirs through twe pump
stations named Pedreira and Traicac, and the canal of Pinheiros
River, from where the water is used for Cubatio Compounded.Reversi~
ble Power Station by means of Cubatdo Lower Reservoir constructed

in Cabatdo River.

Operation Plan of Reservoir.

Determination of each reverveir capacity for the water supply is
executed as tbe below ﬁentioneé brodedures:

After selecting the dém site, mdnthly inflow at the dam site of
period from 1938 to 1979 is calculated using data of the given run-
off gauging station as mentioned in Chapter 4 and the reservoir
capacity curve is also estimatéd'using 1: 5,000 scale topographical
wmap, and a relation curve of the necessary reservoir capacity versus
the firm discharge which is the minimum discharge dﬁring the given
data periods is developed by means of mass curve, after that the most
reasonable normal water level and firm discharge are selécted taking
into consideration of low water level for pumping up water depth and:
sedimentation surface, therefore adopted discharge can be called as
the regulatéd design discharge, but cannot be correctly cailed as the
most economical design discharge because the economical comparison of
water cost versus construction cost 1is nol performed.

As for Sdo Lourenco Reversible Power Station with 6 hours peaking
generation, the reservoir capacity is determined by means of so called
weekly operation, that is, the maximum pumping up houré are 6 hrs and

24 hrs during week~days and week-ends respectively considering that
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6.3,

pumping up capacity for the glven hydfoelectric generation and water
ﬁupply.is necessary to maintain until target vear of 2040,

On the other hand, pumping up capaclty alt the pump station is
determined considering that annuwal hydroelectric generation hours
will be more less 900 hrs, during which pump.station is assumed to
be stopped because of the electric power system of this project ex-
cepting Cubatao Compounded Reversible Power Station being planned to
be the same one and one unit of the installed units is assumed to be
stopped for periodical repairment and or unexpected acecident, but
full day operation is considercd.té'be possible during that time,.

Accordingly, re~regulating reservoir capacity in addition to
inflow regulation capacity is additionally_accounted because pump
station is better to be stopped during hydroelectric generation
which are asumed to be 3.5 hrs/day in week-days. Also, inflow
regulation procedure to Reservoir of LI-2A is adopted in accofdance
with operation pattern of Sao Lourenco Reversible Power Station.

Concerning Cubatao Compounded Reversible Power Station, genera-
tion hours of 6 hr for 8 Units are adopted becéuse the existing
Pedras Reservoif Capacity is limited as 9.2 x 106m3.

Main dimensions of each reservoir at the first stage are shown

in Table I1I-6.1.

Development Scale,

During stay in Brazil, the reversible and compounded reversible
powver étations and. 6 pump.stations are preliminarily studied as shown
in Table TT1-6.2,

As for Sao Loufenco Reversible Power Station, the 9 units with
115 MW each are selectad as one alternative, of which development
scale is determined téking into considerations that the hydroelectric
peaking generatibn hours in 2040 will be reasonable to be more than
5 hrs even il so called weekly operation pattern is adopted because
of ‘the nécessary pﬁmping up capacity for water supply being increased
year by year, and pumping up hours during week day will be equal ox
less thaﬁ 6 hr excepting noom times and.during week-end for 24 hours
though'the above mentioned pumping up hours and or pattern have to be
determined more caréfully considering actual energy resources, demand

duration curves and so in future,
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Two types of development system for Cubatio Power Station, namely,
the compounded veversible and normal types, can be considered, but the
generatlon hours, if the latter is addpted, are too muich short for a
while in the operation commencement years because of the two existing
power stations belng more less fully operated in accordance with
electric demand using the same upper reservoir,

Though the development type is to be determined taking account

of economy, balancing of electric demand and supply, economical opera-—
tion 1iveé and patterns of the existing power stations, site charac-
teristics and so on, the compounded reversible type is selected as
one alternative such as 8 units with 300 MW each because of the upper
reservoir being restricted as mentioned already,

As for each pump station, the pumping up capacity is determined
considering of the electric power system of this project being the
same as Sao Lourenco Reversible Power Station as mentioned already.

The transmission line of generated power and energy for pumping-
up at Sao Lourenco Reversible Power Station is planned to be connected
with the ekisting Embu -Guacu Substation with 2 ciréuits of 460-KV,‘ '
and pumping-up energy at each pumped station connected with Sdo
Lourenco Reversible Power Station with 2 circuits of 138 KV, On the
other hand, that.of 2 circuits of 500 KV is planned to be constructed
between Cubatao Compounded keyersible Power Station and Tijuco Preto

Substation,
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