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"10.~ PIRAPAMA SYSTEM - MATAPAGLPE DAM
SITUATION PLAN OF THE SOURCES

1) - Dam
2) - Manoel Congalves Stream

3) - Stone quarry
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il ~ PIRAPAMA SYSTEM - MATAPAGIPE DAM
" HYDROGRAM OF FLOODS TR= 100 years

1) - Cubic meters per second

2) - Hours



12 - SMALL'SYSTEMS

1) - CONVENTIONS
2) - Pond
3) - Marshland

&) - Basin divider (watershed)

5) = Permanent lagoon

6) - Permanent river



13 - PREGO STREAM - BASIN



14 ~ MANOEL GONGALVES STREAM - Profile

1} ~ Junction with the Pirapama



15 - ALGODOAIS STREAM ~ BASIN



16 — ALGODOAIS STREAM - PROFILE



17 - JASMIM STREAM - BASIN



18~ JASMIM STREAM -~ PROFILE -



19 - RIVER MASSANCANA - BASIN



20 - MASSANGANA RIVER - PROFILE

1) - Elevations in meters

2) - Junction with Boa Esperanga



21 - SITUATION OF THE DAMS AND THE HYDROMETRIC STATIONS UNDER
CONSIDERATION - MASSANGANA BASIN



22 ~ MASSANGANA SYSTEM - RESERVOIRS

Conventions :

1) - Alternative 1
2) - Alternative 2
3) - Existing weir
4)~ Spillway

5) - DPams

6) - Basin Divider
7) = Feeder canal
8) - Basin

9) - Contributor
10} - Hydraulics
11)
12) - Treatment Station

Bleeder Canal



23 —.@MSSAN(%ANA SYSTEM - BITA RESERVOIR - RIPPL'S DIAGRAM



24 ~ MASSANGANA SYSTEM ~ BITA RESERVOIR - AREAS AND VOLUMES DIAGRAM

1) - Elevations in meters



'25 - MASSANGANA SYSTEM - BITA RESERVOIR - OPERATIONAL CURVE

1) - Affluénds - (10° u)
2) - Gain or loss (106 m3)
3) - Elevation (m)

4) - Accumulation (10% m )



26 - MASSANGANA SYSTEM - BITA RESERVOIR - HYDROGRAM OF FLOODS

1) - Cubic meters per second .

2) ~ lours



27 - ﬂASSANdANA SYSTEM -~ BITA RESERVOIR -~ SPILLWAY

1) - Profile of spillway section



'28 ~ MASSANGANA SYSTEM ~ BITA RESERVOIR ~ DAM I

L - Longitudinal profile

3) -~ Transverse section
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Y
2)
3

MASSANGANA SYSTEM - BITA RESERVOIR - DAM II

Longitudinal Profile
APEX = 47.00

Transverse section



- 30 - MASSANGANA SYSTEM - BITA RESERVOIR - DAM III
1) - Longitudinal profile
2) - AP9§7%.47-00

3) - Transverse section



31 ~-MASSANGANA SYSTEM - BITA RESERVOIR - DAM IV

1) - Ldngitudinal Profile
2) ¥ Apex = 47.00

3) - -Transverse Section



32 - MASSANGANA SYSTEM - UTINGA DE BAIXO RESERVOIR - RIPPL'S DAIGRAM

s



33 - MASSANGANA — BITA RESERVOIR - VOLUMES AND ARESA DIAGRAM
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D
2)
3)
4)

1

1

MASSANGANA SYSTEM - UTINGA DE BAIXO RESERVOIR - OPERATIONAL CURVE

Affluence (]:U6 ma)
Gain or loss (106 m3)
Elevation (m}

Accumulation (106 m3)



'35 — MASSANGANA SYSTEM - UTINGA DE BAIXO RESERVOIR - FLOOD HYDROGRAM
TR = 100 years
1) = Cubic meters per second

20 ~ hours
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L
2)
3)

1

MASI-SJ;\NGANA SYSTEM - UTINGA DE BAIXO RESERVOIR - DAM 1A

Longitudina profile
Apex = 67.00

Transverse section



37 - MASSANCANA SYSTEM — UTINGA DE BATXO RESERVOIR - DAM 24

1) = Apex = 67.00
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1)
2)
3)

MASSANGANA SYSTEM - UTINGA DE BALXO RESERVOIR - DAM 2

.Longitudinal Profile
Apex = 67.00

Transverse section
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39 — MASSANGANA SYSTEM — UTINCA DE BAIXO RESERVOIR - SPILLWAY CANAL ClA

1) - Transverse section



40 - MASSANGANA SYSTEM - UTINGA DE BAIXO RESERVOIR - SPILLWAY CANAL ClA

4

1) - Tramsverse section



41 - MASSANGANA SYSTEM — UTINGA DE BAIXO RESERVOIR « SPILLWAY CANAL C2A

»

1) - Transverse Sections
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1)
2)
3)

—

MASSANGANA SYSTEM - UTINGA DE BAIXO RESERVOIR - AUXILIARY DaM 3

Longitudinal profile
Apex

Transverse section



43 — MASSANGANA SYSTEM =~ UTINGA DE BAIXO RESERVOIR - AUXILIARY DAM 4

1) - Apex

2) - Transverse section



44 - MASéANGANA SYSTEM—- UTINGA DE BAIXO RESERVOIR - AUXILIARY DAM 5

1) - Apex ‘

2) - Transverse section
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1)
2)
3)
4)
5)
6)
N
8)
9)

5

SISTEMA” IPOJUCA

Cbnyentibns

Pond

Marshland

Basin Divider (watershed)
Permanent Lagoon

Permanent river

-



46 - RIVER IPOJUCA - PROFILE

1) - Limit of 1:25,000 map



47 - IPOJUCA SYSTEM - DAM BL - RIPPL'S DIAGRAM



48 - IPOJUCA SYSTEM — DAM B — VOLUMES AND AREAS DIAGRAM




49 = IPOJUCA SYSTEM ~ DAM BL — PLAN AND SECTION

L3

15 - Transverse Section
2)l - Apex



- 50

1)
2)
3)

IPOJUCA SYSTEM - ALTERNATIVE Bl -~ PAM Bl
Transvers section
Longitudinal profile

Apéx
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1)
2)
3)
4)
5)

IPOJUCA~ BITA SYSTEM - FEEDER CANAL

Typical fill section
Pumping

Typical cut section
Bita weir )
Elecments of the curves:
a — Curve

b - Radius

¢ '~ Degrees



'52 « PIEZOMETRIC MAP OF THE FREE AQUILFEROUS

1) - Hydrologic Conventions

2) - Isopiezometric curve of the surface of the surface of the underground
waters of the free aquiferous

3) - Direction of flow of underground waters

4) - Dividing line (watershed)of the underground waters

5) -~ Line of the (used) limit of the Suape-Nossa Senhora do § sedimentary
plain.

6) - Limit between the crystalline base and the Cretacecous rocks

7) — Mapping Cunventions

8) - River or stream

9} — Canal

10)" - Bridge

11) - Paved road

12) ~ Dirt road

13) - Railroad

14) - City/Village/Sugar Mill

15) = Plantation or farm
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PART 6 - WATER SUPPLY SYSTEM
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2.0 BASIC DATA
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PART © - WATER SUPPLY SYSTEM

1.0 OBJECTS

Considering the undertaking under review, the main object of these
studies is the short term supply of drinking water to the pioneering
industries and populations, as a guarantee of their installactions,
thus siarting to put together the pieces that will constitute the

embryo of the Complexo Industrial e Portuario de Suape (CI).

These studies are also.intended for the progressive development of

the system, so that it should be in a position that will allow it

to face the requircments of the CI, While keeping in sipght the magnitude
of the project, the initial phases, as those concerned with the en—
largement of the installations, shall obey technical, financial and

aministrative eriteria that are adequately adjusted to this development.

Iv-6.1/1
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2.0 - BASIC DATA
The bg;iq data used are referred to in the ;eports and demonstrations
relati;g'to the sﬁrvey ofhthe water resources and the hydrological
mappings. Special mentiox must be made of the mappings performed by
Aerodata, in the scale of 1:10.000, with contoug curves with a

spacing of 5 m (1974) and by VASP, in the scale of 1:25.000, with
contour curves with a spacing of 10 m. Hydrometric and climatological
data, provided by various posts operated by SUDENE, relative to the

area under study, were frequently used.

Iv-6.2/1
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3.0 PRELIMINARY STUDRIES

The preliminary studies are'detailed in the text of the specific
Report and illustrated with tables and drawings. The detailing of the
hydrometric campaign, and the geotechnological study of the Matapagipe
Dam are the object of special studies, contained in independent
volumes. As a complement, topographic and geotechnical studies were
made, in order to reach solutions, and they are shown in the various

chapters that make up the present Report.
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4.0 '~ SPRINGS STUDIES
4.1 SURFACE WATERS
i | GENERAL

The following hydrographic basins either limit or constitute the
CI area: Pirapama, Prego, Algodoals, Jasmim, Massangana, Ipojuca
and Merepe. Based on the size and the importance of the defluents,
we can group t;em into 3 systems, viz. : Pirapama System, Small
Systems and Ipojuca System, the second of thses grouping the rivers
Prego, Algodoais, Jasmim and Massangana. The river Merepe will be

studied independently, considering its negligible importance as a

source of water supply.

The data gathered in stations installed and'operated by the Consultant,
as well as the use of water level readings in a station operated

by SUDENE on the Tabatinga river, make it possible to characterize
with reasonable precision the flow rate of the intéresﬁing syscems;
with the exception of the Ipojuca that does not fit inte the the
general features of the other systems, due to its size, configuratioen

and the variety of the climates of the physiographic regions through

which it flows.

The work that is being carried out, both in the field and in the
office, is intended to permit the determination of the following

elements ,of the basins, with a higher grade of accuracy:

Iv-6.4/1







1 - HYDROGRAPHIC BASINS OF INTEREST TO C.I.

1)

2)
3)
4)
5)
6)

CONVENTIONS

Welr

Marshland

Basin divider (Watershed)
Permanent Lagoon
Permanent river






h Efficiency
B Basic Flow

c High Waters and Floods in the Project

.

The chapters that follow show approximate data, based on information
that is available at present, Adjustments will be made as new data

provided by the hidrometric studies are processed and analyzed.

On the Qgsis of available information, it may be said that the smaller
basihs of the Zoha da Mata show an average efficiency thar varies
between 35 and 457 for average annual rainfalls of 1800 ro 2200 mm.
For average annual rainfalls of 1.400 to 1.800 mm, the efficiency
varies between 25 and 357% and, finally, for the high and medium Ipojuca
{Zona do Agreste) where the average annual rainfalls are between 600

and 1.000 mm, the efficiency is reduced to between 10 and 157.

December and January are the two driest months in this region, and,

therefore, i1t will only be possible to measure the basic flows at

s,

this time of the year. Systematic measurements are being carried out,

in order te check the variations in the flow, since the beginning of

the rainy season, and they will be continued until the basic flow is
A}

reached during the dry months,

Th knowledge of the basic flow is of great importance for the proper
use of surface waters, especially for the definition of modular

utilizations.
Preliminary calculations show the basic figures for the basic flow:

-~ Ipojuca (Engenho Tabocas) 1,5 m3/sec



- Ipojuca {Engenho Maranhao) 3,0 malsec
- Pirapama (Matapagipe) ) 2,0 mslseé

- Magsangana (Engenho Tabatinga) 0,3 malsec

The high waters and floods in the project, claculated through the
trianéular hydrogram synthetic method, show the following values

over a recurrence period of 100 years:

River Pirapama (Engenho Matapagipe) 700 malsec
River Ipojuca (Engenho Taboca§) ' 800 m3/sec
River Ipojuca (Engenho Maranhao) 1.070 m3/5ec
River Bita (Dam Site) 240 malsec
River Utinga de Baixo (Dam Site) 86 ma/sec
kiver Algodoais (crossing with the railroad) 100 mslsec
_River Jasmim (crossing with the railroad) 40 m3/sec
River Prego (crossing wifﬁ the railroad) ' 85 malsec

River Massangana (crossing with the railroad,
considering the basin downstream from the dams) " 150 m3/sec

"

4.%.2 PIRAPAMA SYSTEM

The river Pirapama, located at the north of the CI area, is one of
the main boﬁies of water in the area, with a hydrographic basin of
571 kmz. Aé a source for water supply, we can mention a sub-basin,
that of the river Gurjau, an affluent of the Pirapama downstream

frqm the city of Cabo, that }s one of the main sources of supply

for the city of Recife.

The hydrographic basin of the river Gurjau, upétréam from the reser—
voir for the supply of water to the city of Recife, has an area of
118 kmzi and iﬁs*regﬁléfcd flow is estimated at 115.000 m3/day.

IV-6.4/6
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2 - PIRAPAMA SYSTEM - IMPOUNDMENTS STUDIED

1) - Gurjaiu Reservoir |

2) - Treatment Station for the Supply of Recife
3) - Matapagipe Reservoir '

4}
5) - Diversion at the half destroyed dam
6 Conventions

-Diversion in Chaneca

7)) = Weir
8} - Marshland
9) ~ Basin Divider (watershed

10)
i1}

Permanent Lagoon

"Permanent River

b






.3 — PIRAPAMA RIVER AND MANOEL GONGALVES STREAM
BASIN






4 - PIRAPAMA RIVER = PROFILE

1) - Junction with Manoel Gongalves Stream






5 - MANOEL GONCALVES STREAM - PROFILE

1) = Junction with Pirapama River






6 - RIVER GURJAG - BASIN



The contribution to the supply of Recife reaches at present 65.000 m3/day,
so that there exists an excess of 50.000 mslday that, 1f not used by

Recife, could be utilized for the CI.

A dam on the river Pirapama was studied at the widening of Engenho
Matapagipe (Matapagipe Dam). At this point, including the basin of

the tributary Manoel Gongalves, the damming of which would provide

a single reservoir, the area of the hydrographic basin reaches 336 kmz.
‘The head of river Pirapama is in Chao dos Pintos, near the borough of
Serra Grande, at an altitude of approximately 500 m; between its

spring and the widening, it flows for 63 km and shows a form factor

of 0.09. The minimum regulated flow is about 340,020 m3/day in Matapagipe.
During this yegr's months of observation (1974), flows of 2,800 m3/sec

in February as a minimum, and of.66.080 mjlsec in July as a maximum

were recorded.

Due to its nearness and to the existing topographic conditions, the
Curjau sub-basin shows a possibility for interconnection with the
Pirapama basin, either by the evacuation through the Cafofo stream
of the water dammed up in Matapagipe, that would in this case flow
downstream of the Gurjau dam, or to the very contributing basin of
the latter reservoir, through a small pumping operation further
upstream, ‘

Besides the possibility of using the water of the Matapagipe reservoir
thrdugh the supply system of the Gurjat, which is already operating,
said reservoir , by forced delivery, either through canals or by
impounding, downstream, is an important source for the direct supply
to the Cabo region, along highways BR-10l and PE-60, and for the
surrounding areas tand it could also become a reinforcement for the

CI area's own reservoirs.
Points of impoundment were prospected, including one, a short distance

downstream from the point of junction with the river Utinga de Cima

(Pavao), close to the borough of Charneca. A small dam at elevation 30

IV-6.4/17






7 — PIRAPAMA SYSTEM - MATAPAGIPE DAM
RIPPL'S DIAGRAM






8 - PIRAPAMA SYSTEM - MATAPAGIPE DAM
DIAGRAMS OF AREAS AND VOLUMES






TABLE FOR TRACING THE OPERATIONAI CURVE OF RESERVOIRS
. WEIR ENG. MATAPAGIDE
BASIN PIRAPAMA PERIOD OCT.62 to SEPT 66
e e e —— e - e — |
Y € :
3l MONTH s .
1 2 3 4 D s ] 7 8 o |
OCTORER ~-116,0C -1,32 11,57 16,07] 122,21 -5,0 - i ‘ﬂ.,;—'q
1 Lsov -117,500 1,35 | 16,99 15,561 122,31 +D,1 | = DR
g UDEC ~107,1¢-1,15 9,30| 16,07] 114,46} <7,9| - LY, E
JAN ~4G,0: -0,47 6,90 16,07| 104,8] -9,6 | - 55,0
6 "FER -99Y,7% -1,03 | 18,73| 14,52] 08,0 +3,2) - | 55,3 1|
2{ MARCH _ +193,9% +2,31 | 35,29| 16,07} 128,0] +20,0| 1,5 | 55,2 !
/| APRIL _ 1+241,90] +2,87 | 29,93| 15,56] 128,0) 0,0]17,2 | 55.2 .
6 LHAY 1+117,20} +1,40 | 14,29[ 16,07] 127,6| -0,41 - AN
JUNE _ 1+170,36] +1,28 | 27,09| 15,56 128,01 +68,4 112, & | 55,2 !
J1Juiy 173,88 +1,48 | 10,53] 16,07] 128,0 0,0 3,9 1 %5,
AUGUST | +05,4C] +0,54 | 16,49| 1€,07) 128,01 0,0 1,9 1§ 93.. .
oEpT | -23,96l =0, 4y | 20,26| 15,56| 128,0] 4,01 4.4 1 55,5 .
T acTORER 1-120, 85 -1, 34 7,19| 16,07 17,8 | -10,2 | - R
3, Lrov -101,56] -1,21 | 25,70] 15,56 128,01 +10,21 48,6 | 55,5 ‘i
g.llEC ~39,%6 | -0,47 20,91] 16,07 1z8,G) 0,00 &,& | 54,2
JAN -5,12/ -0,06 | 14,05] 16,07 126,71 =1,3 . - | S&.: |
[ +129,85) +1,55 | 34,03| 15,63| 123,01 +1,3 -19.3 1 55,2 .
3 MAR 1+169,92 +2,03 | 29,60 16,07] 123,0 0.0 115,32 1 35.2
/IAPRIL . '+105,53] +1,25 | 23,77} 15,55 1278,0 €,0i 9,5 1 So.. '
o Fray +133,40{ +1,59 | 16,25| 16,07} 128,0 0.0 1,2 1 55,7 ¢
JUNE +41,50{ +0,50 | 20,82} 15,56 128,0 0,0 5,5 | 55..
4T JULY ~47,98|+0,57 | 16,23] 16.C7| 12¢.G 0,01 8,6 4 Zo..
UGUST ¢ +30,40} +0,36 | 23,89} 16,67} 120,0 5,01 .21 53.2 |
SEPT +4b, 261 40,53 | 44,30] 15,56 124,06 0,0 129,53 | 5u,2 |
OCTOBER|-123, 4B} -1, 38 7,69] 16,07 118,2 | +9,8 | - IR
Wt Nov ~120, 76| =1, 35 6,88 15,561 108,21 -10,0 ! - | 9%, %5
\ e -119,46)<1,12 4,93| 16,07 | 9€,0 | -12,2 | = 52,7 .|
9 JAN +5,08/40,05 | 16,11| 16,07| 96,1 | <+3,%1 | - i 52.2 i
CLFEB -106,42]-0,91 5,01 14,52 84,2 | ~11,9 | = i 5L, 1
4| MARCH | +26,621+0,23 | 17,42 16,07 85,8 +1.6 1 - | 53.2 j
APRIL- |+146,68]41,35 | 22,38] 15,561 94,01 +6,2 | - |"s2.3 i
/] MAY #141, 40} +1,38 | 20,03} 16,07} 100,31 | +6,1 | — | 52,5
GLIUNE  |+292,00}43,49 | _47,05] 15,56] 120.0 | +22,9 | 72,5 1 55,5
. 1 sy +1,00140,07 | 11,56} 16,071 123,5 | _=4,% | - |50, 25
AUGUST [ 735 0|0, 42 | 35.49 | 16 67 {12801 =h % 1163 ) qgﬁl_ﬂ
SEPT- -4%, 96 0,57 9,40 15,561 121,23 | -6,7 | - Lova,s b
OCTOBER |-126, 20} -1, 35 9,071 16,07} 113,0 ] -8,3 | - 53,7 4y
M { NOV -117,161-1,17 6,51] 15,561 102,6 | -10.0 | - I sz.9 ‘i
1 DFe -91,B6l-0,60 | 13,70 1a.07] 99,0 -3,2 1 - [ 52 65
o[ JAN v35, 78120, 33 1 10,52 16,071 94,6 | 5.9 | = 52,04,
(‘pEB 7o, Ge[+0,79 21,141 14,521 102,0 +83,6 | - T 'i
2o _ MARCH | -19%,78)-0,18 8,96 | 16,07 ) 94,71 -7,3 | - | 52,55 1;
2 APRIL | +67,3u|+0,66 | 12,70 35,561 97,5 ] +2,6 | - 52,7% 1
/ yay lhu, 031,55 [ 2L 69 ) SN ARSI N ~7,2 | - 57, —I!
(_JUNE__ h1s3,atf+1,vy | 32,70 | 15,56 | 123,7 | +19,0 | - vh,7 it
JULY  Rata, e vh, 03 150, 4373716,87 | 120,0 | «n,3 | 24,9 1 oot i
“TAUGUST | VD, T VU, At {0, YA | V6,7 | U7, 0| 0,0 | v 2 | s
| _SEPT M AZAGA|SUL Y5 [(Fa, 9% 35,86 | 30,0 | 0,0 | AL 5§ wha ¥

-

1v-6.4/23
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Year - ‘Month

Galn or loss - in mm P-E
Gain or loss - (106 ma)

Affluence - (106 m3)
Regulation (106 m3)

Accumulation (106 m3)

Varlation in accumulation (106

Bleeding (106 m3)

Elevation (m)



TABLE FOR THE TRACING or THE OPERATIONAL CURVECF RESERVOIRS

S

‘WEIR. ENG:” bMTAPAGIPE
- BASIN: PIRAPAMA PERIOD: SEPT. 1966 -~ OCT: 1970
o - Pardaouianne | PuidavaGare | Lfluincie  [Ragurarcacie| deumalezin | Vorlegda ! Susgre Cots
3 MES amime]pat f19%m.c) {4108 ~ e} oim a) et mel ";‘:.:';':'? T {m)
PO 2 3 4 5 6 .7 ) 5 ,
arToReR | =124, 20 -1, 30 7,01 16,07} 117,7] -10,¢1 - S&, 20!
NOVEMREM=-141,7¢ -1,65 | 23,87} 15,56| 123 4| +6,71 - 54,751
DECEMRElI-142,1¢] -1,60 13,92] 16,07{ 119,7 -2,81 - 54, 201
9 yauapy l=123,1% -1,26 4,81 16,07) 107,2| ~12,51 - 53, 25!
¢ FEBRUARY| -85,52 0,89 | .17,00] 14,52| 108,8]| +1,6: - 53, 40]
MARCH [+ 277,92+3,327} 33,76| 15,07 126,01 +19,2i 1,3 55,051
6 APRIL |¥141,28| +1,68 | 20,29 15,56 123,0| 0,01 6,4 | 55,05
/ 7125,70] +1,50 | 19,26] 16,07] .120,0| 0.0 &,7 { 55,001
6 g |+196,70] +1,87 | 24,65| 15,56| 128,0 0,0 | 11,0 =5,0¢%,
7 ly  1¥174,06(+2,05 | 19,06 1&,07] 176,0 9,0 5,0 | 55.Co's
ucusT | +69,60| +0,8% | 18,10] 16,07| 128,0 0,0 2,9 | 5,501
SEPTEMBER —30,96] -0,41 L4, 661 15,56 126,7 -1,3 - 54,55
OCTOBER |-115,48| -1,51 | 11,93 16,07 121,2| -5,5| - 54,4511
) |HOVEMBER|=T27,76) -1, 54 4,35| 15,56 108,7 | -12,6 | - 53,40
. [DECEMBERI-117,96] -1,12 5,68 16,07] 97,2 [ -11,8 ! - 52,221
9 DANUARY | -23, 42| -0, 21 8,69 16,071 89,61 -7,6i - 51,(3:
6 FEBRUARY| -79,52| ~0,57 | - 6,65| 15,05| 80,61.-9,0 I* — 59,75
7 MARCH | +72,36140,69 | 33,36| 16,07| 98,£1 +12,0 i - | 52,03
/ MBRIL _ 1¥105.92(+1,05 1717,72] 15,56] 10i,381 +3,2{ - [ 52,z
1AY +97,90{+0,95 | 13,67 16,07 ) 100,41 =l,4 { - [ 52,22 4
6 funE +3,74]40,03 | 7,06] 15,561 92,6¢ 8,41 - | 31 20l
8 JULY +43,08|+0,39 | 14,511 16,071 90,8 ] -1,2 t - | _s3.7-
NugusT | +1.9,241+0,17 | 106,791 16,07} 65,7 ] ~5.1 ! - 51,22
" BEPTEMBEM, ~94,32] -0, 74 2,931 15,56} 72,3} -13,4 1 -~ L9, E
CTOBER |-12%,70{~0,91 2,25 16,07 57,6 14,7 | - | &3, 451
1 HOVEMBER |-113,76}-0,72 7.07 | 15,56 | 48,4 ) -9,2 | - 45,52 ]
. DECEMBER F128,64|-1,00 | 20,201 1&,07 | 61,6 | +13,2 | = L3, 65 4
J kamiagpy | -22,92|-0,19 | 37,01 16,07 | 82,4 | +20,6 | - ! 53.53]
116 tERRIARY | ~77,%46|-0,81 | %3,181 15,03} 109,7 | +27,3 | - | 53,434
11 daRcH .| -21,02|-0,32 | 13,64 .16,07 | 107,2 | ~2,5 | -~ _*| 53,25,
/- AZRIL - -68,92}-0,83 6,01{°15,561 96,8} -9,6 | — 52,25
" +78,18|10,72 | 12,137 16,07} 93,6} -3,2 | - 51.9%
6 [yme - |FL1G,GH (1,07 | 14,25 ] 15,56 | 93,3 |--0,3 | - 51,¢31
9 lygy - WL04,50140,96 | 17,29 | 16,07 | 55,5 | 42,2 | - 1 52,30
\ucugz|.+13,001+0,12 133,761 16,071 9,33} -2,2 | - £1,60 1
-lepprEMpER-40, 36 1-0, 35 10,42 15,55 87,8 -5,5 - 51,47
OCTORER 105,56 |-0.87 - | 8,74 | 16,07 | 79,6 | -8,2 | - 50,53}
, [NOVEMBERL-12i,20-0,95. | 9,951 15,56 | 75,0 | ~8,86 | - 49,25 ¢
DECEMBERL 104,70 |-0,79 | 7,L4 | 16,07 |. 43,3 1 _-9.7 | - | ta eq i
9 havvary-1-ia,42(-6,10 | 10,90} 16,87 | sp,0 | -s, - L3, 00
¢ [FERRUARY| 80,92 £0,5¢ 9,46 | 14.52 53,5 -&,5 - azJjj_h
o MARCH - 56,70 [10,30 | 14,50 | 16,07 | 52,3 | ~1,2 | - 47,4304
APRTL . [ 455,40 |20, 35 10,57 | 15,56 07,7 4,6 - 45,35 1
/ bay | Tii,90|o0,07 [ 9,36 | 16,07 | 40,9 | <6.a_| = 25,20 |
7 JUNE -~ 251,96 11,60 | 20,90 | 15,56 | 47,8 | 16,9 1 - 46,70 |
o JULY — Lava,2n |v2z,00 | 7u,06 (26,07 | g3, a0 | - 1aa cn |
fIUSUST_ T2 41,74 vt 32 |25,09 116,07 | 69,9 | 01 | = javcd i
ggmqmﬁn,cn cu loo,n7 _{16,42 |15,56 | 70,2 | -0,4_ | - PR Y
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TABLE FOR THE TRACING OF THE OPERATIONAL CURVE OF RESERVOIRS
WEIR: ENG. MATAPAGIPE
BASIN: PIRAPAMA PERIOD: OCT. 1970 - SEPT 74
- ] "

ol *- PrrddmeZanhe | Porsaentiarme Ro;-lnu:u‘-[ Bcwemulezey | Verscde i Luagria Cale i
fg MES emimelpet, t1o% el HELENS | £10% -0 ":"_‘o_':'.':"l 06" =) tm) 1
1 2 3 5 6 7 I a3 | 9 1

T ocToBER-119, 20| -0.87 | 10,19 16,07] 63,5} -6,8 | -~ L3,5%:
VOVEMBER =124, 30| -0,89 | 34,41 15,561 631,51 -2.8: = &9, {0¢
1 [DECEMBER ~131, 64 -0,%% | i1,10| 16,07} 55,7) -5,61 =~ 47,85,
9 [JANUARY -113,72| -0,76 | l4,52] 16,07] 53,4 -2,3| = 1.7,5;3i
7 [FEBRUARY; —67,14] ~0,49 | 25,54] 14,52] 63,9 +i0,5 ' - | 42,92,
ARCH -60,76] -0, 46 5,041 16,07 52,4 | -11,5{ = Y NAAL
0 "PRIT, 224, 56| =0,15 | 10,60] 15,561 47,5] 4,9 1 - [ Zg, 73!
/ Y 1266, 62| +1,70 | 19,83] 16,07] .53,0| +5,5 1 - “7,55
7 [JUNE +91,50{+0,61 | 14,07| 1.,%6( 52,1| -6,9 | - &7, L01
y JFULY +113,46{+0,73 | 12,27| 16,07} 49,0 -3,L 1 — 45,55
TOGUST | +4L,50]+0,26 | 32,41] 16,07| 65,6 116, | - %9,10}
JCTOBER | ~B4,90;~0,7L | 26,17 16,47| B80,L| +9,4& | - | 50,70
TOVEMBER -94,8%| -0,81 | 20,75] 15,56| B4,5| +&,4§ - | 51,-01
) \PECEMBER =136, 64] -1, 09 7,97| 16,07| 75,3 -15,8 1 = | 50,15]
O VUARUGARY  -42,90|-0,34 | 17,39} 16,07| 75,3 +1,G6 3§ - -1 50,23
7 FEBRURRY™ _76, 14 -0, 50 7,43| 15,03] 68,1} -2,2 1 - | 25,40
1 Lapen -21,086]-0,16 | 14,08} 16.07{ 66,91 -2,1 1 - |_%5.:¢8!
/ v198,2001+1,60 | 264,561 15,551 76.61 +10,6 1 - i 5L, 32
1 bay 7i37,G0] +1,25 | 31,52 16,071 63,1} ~16,5 | ~ V51,48
7 Tpee +263,96]+3,02 | &L,41] 15,56} 122,01 +24,9 | - | 56,50
2 [y y +112,08]+1,25 | 13,10] 16,07] 125,35 -1,7 1 - T S4.3
\Ucyar 1P 265,101+2,94 | 29,21| 16,07 123,04 -+¢,7 ¢ 8,4 1 35,2 -
SEPTEMBER +17.941+0,21 | 17,32} 15,56 128,01 €,0 ' 2,8 | 35,2 °
YCTOBER | ~d5,43|-1,02 | 13,53 16,07] 125,0 0,04 1,9 1 53.5 ¢
SOVEMBERI-132,16(-1,5% | 14,27 ] 15,56( 125,2 | -~2,8 I = 54,8
1 DECEMBER!-124,00(~1,43 23,301 16,07} 128,0 +2,8 1 3,0 53,0 |
o IIAKVARY -96,92}-1,15 | 11,54 16,07 | 122,53 t -5,7 | - | 54,%
CrRRIARY! 69, 221-0,53 7,231 14,52} 114,51 7.8 | - 53,25
?lapey . | ~44,38}-0,47 | 14,08} 16,67 | 112,06 | ~-2,5 | ~ 53,55 |
2 hpryp o |F168,281+1,97 | 26,36]. 15,56 | 124,8 | +12,5 | - 56,75
/by viha,a40)+1,72 | 10,54 | 16,07 | 128,0 | +3,2 § 1,0 55,00 ;
- v132,600+1,50 | 20,67 15,56 | 125,0|. 0,0 ! &,7 55, 0 !

7 v F159,88141,91 | 19,37 | 16,07 ] 128,0 0,0 5,2 55.C0 1
3 bycarer 1 500, U0 30,73 18,26 | 16,07 126,0 4,0 | 3,1 Sy, LI
L prrame Lo L, 4 |+ L, 00 | 27,65 { 15,56 | 128,0 0,0 { 8,7 ].u5,dC
NCTORER | —77. 40 |-1,07 B,51| 16,07 | 119,4 | ~6,6 | - ok, 25
WOVEMBER 128, 26|~1,57 19,48} 15,5614 121,8 +2,4 - 5,551

L PECEMBER| =50, 56 |=0,¥¢ [ 17,00 16,07 | 117.2 | -4.6 | - 54,191
UARY | 113, 78130,V M10,56 1 16,07 L ar, a2t -5 | — | 53,60

T EFRRUARY | —22,22]-0,35 | 17,15] 14,52 | 114,1 | ~2,3 ; - 53,501
v+ JARCH P 149,32141,70 | 36,05 | 16,07 | 12,0 [+13,9 | 7,9 55,091
5 JPRIL  $175,90+1,50 | 51,94 | 15,5¢ |178,0 | 0,0 [17,3 | 55,83]
7 @AY . p213,10l+2,52 | 37,12 16,07 | 126,0 | 0,0 123,56 | 55.C0]
JURE. v180,101+2,24 | 45,851 135,564 123,0 0,0 _{22,5_ | ss.coi
7 JULY 101,90 141,22 | 60,61 | 16,07 }'176,0 |” 0,0 |45,8 55,623}
4UGGST | .in,50140,23 121,63 | 36,07 | 128,01 0,0 |15,8 | 55.0C}
L__SEPTEMBER . 4, 54 {0,050 { 33,00 | 33,56 L2001 o0 looz | 5500}







9 -~ PIRAPAMA SYSTEM - MATAPAGIPE DAM
SITUATION AND SECTIONS

1) - Situation
2} - Dam - Manoel Gongalves River

3) - Filter )
4) -~ Elevation58.00
5) - Nucleus

6) - Upstream
7) - Section AB - Spillway
8) ~ Dam - River Pirapama
9) - Filter

10) ~ Decayed rock

11) - Nucleus

"12) -~ Elevation

13} - Upstream
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would make possible an additional supply to the city of Cabo, con-
sidering the proximity of the existing treatment and pumping station,
and it also would be ‘the nearest location for the pumping and delivery
sys tem for the basins that make up the Smdll Systems, where CI's

own reservoirs are located.

Prospection was also carried out at a spot where an old stone and
masonry dam, half destroyed, could be rebuilt, close to the city
of Cabo a little way upstream from*Rhodia industry. It could also
be used as a supplement to the area's industrial supply, and as a
water line, with its natural flow or with the regulation of its

flow through the Matapagipe reservoir.
4.1.3  SMALL SYSTEMS

By Small Systems is meant the complex of diminutive hydrographic
basins, tributary of the Cl area, that are limited and surrounded
by the:larger basins of the Ipojuca and the Pirapama. The component
.basins are the Prego, thh an area of 14 Fm the Algodoais, with
an area of 13 kmz, the Jasmzm, with an area of S kmz, and the

*Massangana with an area of 62 kmz.

The systems studied initially, becaase of their geographic location
between the Matapagipe reservoir and the CI area, were examined in
oreder to estimate the possibility of their use as part of the delivery
and- decantation system of this resérvoir, avoiding th use of long

mains under pressure, Subsequently, the eventual reservoirs, called
operational of the water supply svstem. demonstarted their capacity

to receive as well the waters, either dammed up or impounded on

the flow from the river Ipojuca, thus increasing the operating capacity
and inéerconnecting the Small Systems with the Ipojuca and Pirapama

syotems.

IV-6.4/34
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The selection of sites and the alternatives of damming possibilities
led to the determination of points located in the Massangana basin,
taking into consideration the geological, geotechnical and topographic

conditions, and especially their nearness to the CI.

Therefore, a closer examnition will be made of aspects related to
the river Massangana, and the studies of the other rivers will be

limited to the determination of elements of flood control.

Th river' Massangana takes this name when it flows through the ranch
of the same name, after its junction with its constitfents, the rivers
Tabatinga and Cangari. Any possibility for the construction of a

dam is restricted to these tributaries, since the junction takes

place in lower areas.

The river Tabatinga, whose headwaters are adjacent to the Pirapama
and Ipojuca systems, shows favourable damming conditions at high
elevations (70m), between the Tabatinga and Utinga de Baixo ranches,

with dikes on its tributaries Boa Esperan¢a and Utinga de Biaxo,

forming two interconnected reservoirs,impounding the waters of an

arca of 16 kmz.

Preliminary calculations based on studies carried out in other areas
suggest regulated flows of about 16.000 ms/day. However, the flow
measurements performed so far in the rivers Boa Esperanga and Utlnga

de Balxo suggest much larger flows, possibly in excess of 30.000 m /day

The river Cangari's headwaters and course are adjacent to the Ipojuca
basin. One of its branches, actually the most important one, was
once a-part of the Ipojuca system, before being artificially impounded

by damming and diversion. A small reservoir on the site, upstrean

' from the Pindorama Ranch, receives the waters of the river Piraja

and those of the river Bita, dominating a hydrographic basin of'20'km2.
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1 - Year'~ Month

2 ~ Gain or loss - in mm P~E

3 =~ Ga%n or loss - (106 m3)

4 - nffluence - (10% md)

5 =~ Regulation (lO6 m3)

6 - écﬁumulation (lO? m3)

7 =~ Variation in accumulation (106 m3)
8 - Bleeding (106 m3)

9 - Elevation (m)
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ol - Prrraesiansn | Forbambanie | Allabncin | Asqulasss e} Zeumutsgue | Vadagdo 4 Siagne Cats
3? MES el ne |Pe h:,c,,m_‘ PP (565 mred 10t med 4-:'.:2.:.'::m‘ (16 mcd I (3
o 2 3 ] 4. 5 5 7 | o i 0 !
T ergen | <9994 =, 2707 1,14 | L,1250 13,4 -0,3 ] - | 4u,4
) [NOVEMBER-+14.83) -, 5255] 1,76 | 1,089| 1¥.¢t 40,3] - 1 45.0 !
9 DECEMBER~11#, 21j -, 213%| 1,00 1,125 15,5 -0,4]1 - foad, i |
JANUARY | =72, 21| -, 1964} 0,76 | 1,125}, 12,7} -0,6] - | &4&,4
6 [FEBRUARY| _%.571 -.0129] 2.49 | 1.0161 135.71. +1.01 0.51 45.=
2 [MARCH _ 1v124.021 +,2523] 4,29 [ 1,125] 13,7 G,0 " 2,50 &9%,4 «
JIABRIL  |ea11,157+,5168] 3,04 [ 1,089| i3,7] 0,0 2,3 ] &9,0
P ~10, 50} -.0207} 0,90 | 1,129 13,4] -0,3 -~ | &l.e |
JUNE +55,20] +#,L9%66] 2,19 | 1,629 L13,7] +0,3 L, 45,0 ¢
2 |JuLy ~31,29] -, G899 6,69 | 1,125 135,1{ -D,61 - LR, Ly
AUGUST | 12,50 +,03%4] ),,74 | 1,125 15,7 +0,6 0,1 63,0 ¢
-|SEPTEMBER -90. 16| -, 2479 a,73 | 1,089} 13.1] -0,6 - LL, 5
OCTOBER |-151,33] -, 3382| 0,05 | Y,125| 11,7] -1,& - Y P
) |NOVEMBERI-122, 911 -,3322] 1,23 | 1,039] 11,5] -0,2 - 53,4 |
DECEMBER|-114,01] -,2259] L,0L | 1,i25§ 1iL,1| -0,4 -~ | 43,1
9 [JANUARY | —26.871-.0574] 1.46 | 1.1250 11.3| +0.2 | -~ 1 &3,7% |
6 [FEBRUARY] _54 ¢7]-.0700] 2.06 | 1,052] 12,20 0.9t - | ee.n i
3 [FARCH +93.271+,2642% 3,74 | 1,125] 13,7 «1,5 1 1.4 i &5.%
Jolapr1r  le132.3181+,3745) 3,36 | 1.6891 12,7 0,0 1 2.5 £3,. ¢
cdway .1 231.650+.0297] 1,44 1,1251 13,71 0.0 1 0.& 1 &5.& ¢
TUNE +110,00| +, 3116 3,12 | 1,089 13,7] 0,0 | 2,37 &9, .
4 oy T+ 40,250 %. 138561 1,76 4 1.,1251 13.% ] 0.0 0.8 1 %5.4
uousy 1 259,151 +.16760 2,48 } :.235) 1%, 7% 0.0 V.7 aRLS
SEPTEMBER ~24, 31| -,0c89] 2.2 ] 1,089} 13,71 0.0 -+«.21 ¢5,2 ¢
OCTOBER |-103.53|-,29751 0,082 | 1.1251 13,1 1°-0.56 1 =~ LE. 6
y[NOVEMBERI=1 97, 76] . 34zt | 6,91 | 1,098} 12.51 -8.5 - | 5,0
DECEMBERI-)12.9)1.-.3301) n.n3 | 1.128] 2.0l -B.6 _-_ | _%5.0 ¢
19 IJANUARY- | _62. 62,171l 0.p2 11,3260 13,51 -n,5 I NY % B W
¢ |[FEBRUARYI-111.72]-. 26911 0.32 | 1.936] 10,51 -1.0 - YAl
. |HARCH 72,08 |-, 1654 0,77 | 1,125| 10,0 | -0,5 - 7,7 |
" [APRIL. | +70, 05|+, 1506 2,42 | 1,089 | 11,5 | +1,5 - PR
/ MaY To4,55|+,0545 | 1,49 | 1,125 12,00 0,5 - N
¢ DU - 205,357, 5¢818] &,73 | 1,089 13,7 | +1,7 2,5 | £5.5
5 HULY -21.52|-,0600] 0.79 1-3.1251 13,5 -n.4a - Lz 5 |
\UCUST | 127,60+, 0702 | 2,04 | 1,2%5] 13,7 | 20,4 0,5 | £5,08 |
SEPTEMBER .57, 24|~ 30741 1.89 | v, ono ! 13 " 0,0 n.7 | 5.0 i
OCTOBER 1-11£.93|-,5705] 1,04 | 1,1251 13,4 7 -0,3 - TN
y [NOVEMBERL110,46|-,27631 1,01 | 1,009 ] 13,0 -0.4 ~ b ah.s
. DECEMBERF119,261.. 31061 0,02 | 2.025] 12,41 -0.6 - &t 70
J Banuary [ v15.Gole,tesa b 2,00 |T1,125 1 13,484 +1,0 | - £5,5 1
6 BERRUARY | =40, 97 [-, 0378 1,43 | 1, 0061¢ 13,7 40,3 0,3 1 #5.3 3
o MARCH _ | -55.28}-,15%31 1.00 | 1,925) 312,5| -0,2 - 5.6}
; PBRIL - | -3,67|-,0104 1,29 | 1,089 | "35,7 ) 40,2 - L5,0 i
©OMAYS h3,500,25600) 2,01 §1,125] A3,7) 0,0 1.2 | &v. 0 ¢
6 JUNE 250, 20,7690 5,69 | 1,020 13,7 n,u v,1 1.0l
6 [y V1675 |1 an6n | 3,30 | 3,12s | 13,71 0,0 2,7 | .0 |
AUGUST | =31, Lt |-, iy | 0,07 _ | 1,175 | J2, & | 0,2 1~ " waa
B s e R A BN A TN I I A Y R T R T
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TABLE FOR THE TRACING OF TﬁE OPERATIONAL CURVE OF RESERVOIRS

WEIR: BITA

h -
-

BASIN: BITA TABLE 11 B
.EFBIOD: QCT; 1966 / SEPT 1970
Q- - PrrdamiComt s | Frrosripme | Aliviacin Moguloniagou]| Acumaiazia V-tuc:: ! Siesien ‘ Cute )
ﬁ.MEG smtmmlieg | Motmed | tiodme) (165 a5 (1l me ) ‘ﬁ:r:h némq! [m} !
12 [ 3 4 5__ G VAR D T I
Uorropep L111,63)-,3070| 0,72 | 1,125 13,0 -0,7 [ Z-. | &&,4 1!
" {'NOVEMBEN-110,91]-,2017( 2,02 | 1,089 13,6 | +0,6 v =} 4&.Y |
1\ DECEMBER-117, 64|, 5450] 0,068 | 1,125 | 13,0 | <0,6 1 - TN
TIJANVARY | -9y, ¢7l-. 2504 G, 35 | 1,006 12,1 | <C,9§ - L%, . i
6| FEBRUARY _pno 9ol_ 2130 6,90 | 1,1250 11,7 ' _0,& ¢ - | 3.4 ti
olMARCH 1+137,357]+, 38921 4,53 | 1,125 13,7 +2,0 01 1,8 45,2 ¢
APRIL | +56,53|+,140L} 2,21 | 1,009 | 13,7 0,0 ] 1,21 &5, .}
/ [TAY 1 +34,551¢,0079] 3,408 | 1,126 12,7 G,0 | 0,5 as,. -
6| JUNE +20, 20+, 06856} 1,67 | 1,089 ] 13,7 0,0 | 0,6 % 45,2
7 | JULY +32,931+,09331 1,55 | 1.1251 13,7 8.0 1 0.5 1 4%.5 1
AUGDST | o91.5nlsi20260 2,90 | 3,325 13.7 a,0 2.0 | _¢5.2 i
SEPTEMBHR-46G.711-,13231 1,57 | 1,689 13,7 g,0 0,2 1 65,3 «
OCTOBER-) =91, 38]-,2589) 1,79 | 1,Y25 13,7} - 0,0 | GC,%& | &2.. |
y |NOVEMBER-133. 701, 39570 1,31 | 1,089 13,51 -i,2 ¢ - | &4L.5 )
-\ DECEMBEF}-1083,06(-,29341 0,63 | 1,125) 12,7} -0,6 ! - | o&a, 6 !
? [JANUARY | -7%.37]-.1913] C,73 | L.125 12,1) -0,6 ! - i 43,6 .|
6{FEBRUARY} .55,02|-,1455] 1,539 | 1,692] 12,31 +0,2 1 - | &&,0 3y
7 |AMECH +21,71)+,0661 | 1,52 | 1,152 12,83 +8,5 1 - IEEE
/ 1ABRIL, +25,67{+,0702| 1,05 | 1,089 | 12,8 G,0 i - 4 &&,L
; Ly 454,25+, 10564 1,11 | 1,125 12,9 ~0,1 ] - A TANC I
JUNE - +70.991+,1927] 0,73 | 1,089} 12,87 -0,1 ! - &ain ¢
8 LauLy <+0,9214+, 060251 0,69 11,1250 12,4 -0,% | - T
*[AUGUST T +17:34]+,lisG5 | 1,42 | X,129} 12,61 +0,2 1 — 1 <&,z
SEPTEMBER-74.92{-,39231} 1,11 [ 1,0a5( 32,41 -C,2 1 - 1 &&,. .,
OCTOBER |-118.4%}-,3u501 0.96 ) 31,3251 1v,0 1 -9, 5 { - | az.0
. |NOVEMBERI .84.646 (-, 2345 F0. 04 | 1,059 21,41 0,851 - | &3..
1 IDECEMBERF 158,09 | 3375 | 0,05 | 1,125] 16,8 [ =B,8 1 =~ 1 ariu
9 [JANUARY ) ~21,55)-,0539] 0,81 | +,125| 0.4 ] ~0,4 -~ | L7.*
¢ |EEBRUARY! -435:551-,105% | 0,09 1.014 19.2 -0, 2 - A
- MARCH | -11,02|-,0253] 0,90 | t.325) 10,01 -0,2 1 - § L2,Z
BIAPRIL | %9.671=, 09171 0,79 | 1,0091_ 9,6 L 0,6 | < "1 ¢zt !
/MAY- - +36,0304,0239 ] 1,56 |'1.125( 18,11 <0,5 ] - N
¢ [JE 487, 668]4.2094 0 1,946 11,089 11,21 41,1} TN
9 JULY - Lyea,nsls, 39630 2,61 11,1251 13,31 »),9 -l an
© AUGUST .| -12,15)-, 0561 1,52 | 1,125 13,5 1 +0,4 a5 gl
SEPTEMBER-_11,141-. 03141 1.32 | 1.089 | 13.5: Q.0 - PENCIREE
OCTOBER | —96, 16 1=, 2044 | 0,98 | 1.125 ] 33,1 1 <0,6 | = | ¢4.0 )
NOVEMBER |.141, 50 |-, 3797 | n. 83 | 1,089 | 12.5 1 0,61 - AN
1 PELENBER] oy 70)_. 2016 | 0.0y} 1,251 11.9 1 -n,6 | - 23,5
{9 UANUARY | -6, 62|, 1313 V0o vy | 0,175 | vy 4l —n s i o ¢ sy
1 FEBRUARY |- J 07,6 |=, 2657 | 0,91 | 1,006 1 11,0} -U,4 R A S TR
{6 BARCH - | =7, 47 )=, 0087 | 3,62 1,325 | 11,3 | <0,5 [ = | 2%, % 1!
19 APRIL AS6,A0E L1491 | 1,79 1,05V | 12,20 40,9 ~ N AL,
JMAY  1a56,0%)0,15220 1,49V 1,12% | X7, 7 | 40,5 |~ i a6 i
7 PURE . " t-usw, 24l 30051 2,20 f 30891 13,7 § +1,0 1 - §au, 0 b
p RULY__ boe3. 2it e, vavy f 2,08 3 aes | 15,7t 0,0 ) 2.6 0 4%.G
OGEST, o 04, 100, 1250 [ A 69 1,125 1 32,7 8,0 4 0,7 | av.a b
- bererard 52,432 022 1T, 603, U89 )T X3 o, 000 T
L .
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Year - Month
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Gain or loss ~ (106 m3)
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Regulation (10° m3)
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Elevation {m)



IV-6.4/65

TABLE FOR mr«: TRACING OF TIHE OPERATIONAL cunva OF '"RESERVOIRS
WEIR BI’I‘A TABLE 11C
.+ BASIN: BI’IZA. PERIOD OQCT, 1960/ SEPT 1974
. . R \
v Prsdd odwaans | Ferisolamme Allatncle’ ﬂ-"uu:o‘:ﬂ Sqenslazue Yenega e 1 e i Cats
:‘f .‘.I_ES ewlmealr-C | 1ol netaol {165 m,0 ] 1168 s, “:.‘r:‘:h:;”! 1 ! ()
Y K 3 a 5 G 7 | a8 o
OCTOBRER'|-118,0{}~, 53316 1,54 1,125 13,06 ~0,1 - i, Y
1 [NOVEMBER}- L 23, 25| -, 2+27] 1,09 | 1,089 13,21 0,41 . 4h, 6
g [DECEMBER{-140, 54| -, 3010 1,0%5,] 1,125| 12,71 -0,51 - L4, 4
1JANUARY { -7/v,8z} -,2995] 1,10 | L,125] 12,51 -0,21 -~ h&, 1
T TFEBRUARY|-111 ", 77 -, 2998| 1,43 | 1, mgl 12,6 +0,1 1 - e, 2
0 IMARCH -93,v¢[=,2617| 1,02 | 1,125 12,2} -0,41 - 44, G
/ |APRIL -569,21 ~,300%| 1,13 | 1,009 12,.]| -0, - 63,8
2 [FBY +118,27) +,3323] 2,32 | 1,125 13,6 | +1,5 — L4.9
JOE™ | 474,10| +,0633] 1,e4 | 1,089] 13,7] 46,L| 0,7 ] 45,0 |
YUY 3Gs, 710, 10901 2,05 | 1.125| 13,71 0,01 1.1 1 5.3 |
AUGYST | +17,50| +,0507] 1,59 | 1,1251 13,7 0,0 G,9 1 45,0 |
SEPTEMBER - 42,56 -,1206] 1,71 | 1.04a9 2.7 g.0! D,5 1 %5.0 i
acToReR | -27,43] -, 07771 2,52 | 1,125]| 13,7 2,00 1,3 L5.0 |
1 NOVEMBERI-102.37}-.2900] 21.22 | 1.089] 13,71 *0,0 1 S.& 1 &5.0 |
DECEMBERI=132, 6| -, 37521 3,54 | 1,125 13.7 n.o ! p.oj £5.% .
9 [JANUARY | -74,20l~.2002] 1,37 | 3,235} 13.7 p.0i__0,0! 45.8 !
7 (FEBRUARY| _55,94|.,1565] 1,33 | 1,052] 13,7 | .0.0 ! @,1 | 45,0 i
y [BARCH | _g6,46]~,183%1 1,60 {.1,125 13,7 g.0 ) 0,31 £5.9 1
/ Lz l+156,90] +,a4u5] 2,65 | 1,989 13, 0.0 1 2,01t 5.8 i
Ay +102.750+.2911 | 3.22 3 1,125 3.3,7 g, 01 2.3 ¢z 9
7 Ve +1£0,791+,5121] 3,59 | 1,089 13.7 6,0 | 3,4 | 65.5
2 iy +20,9081+.0594 1 1.49 | 31,1251 13,7 D.0 ¢ C.% | #5.C
AyoneT +92.d451+,26301 2.85 | 1.125 15,7 0.0 2,0 i 5,0 |
< leppyevpep =39,911-,1131 ) 2,40 | 1.039 13,7 ‘p.o i 1.2 1 &v.0
rrarep | ~B3,13}-,2555] 1,04 | 1,125] 13,71 9,801 8,5 | 45.3 1}
y loypvpegl-131,761-,3702] 1,32 | 1,089 153.6 1 -0, 1 - 64,9 |
verpvnppt =81 . 700-,2279 0 1,15 13251 13,1 -9.2 1 o La.n !
2 antaRy | =76,62)-,2).310 3,26 13,1250 13.3{ -n.1 - &7
7 Erappapyl -7.77|-,02201 1,87 1,016 13.72 +0,4 0,4 45.0 |
o pMaRCH | -57,73]-,2635) .65 | 1,125 13,7 0,0 | 0,21 &5.9 °
PRIL +36,808|+,1045| 3,26.( 1,089} 13.7 0,0 | 2,31 45.2 i
/ Ny $103, 101+,292)0 1 2,30 | 1,125 ) 13,7 0,0 1,5 | #c.0- !
7" [IINF 465,001+, 1068 1 2,62} 1,089 % 13,7 0.0 ¢ 1.7 i ¢%.0 |
< {UTY - +16,98}+,048). 1 2,22 | 1,125| 13,7 0.0 1.1 1 £5.0 !
gusT 1 +98,9044,1469 | 3,16 | 1,325 | 13,7 0,0 2.2 | t5.9 |
‘RTEMBER_-—3.55|-,024% | 2,45 1,0ny 13.7 p.0tf 1.4 &5.0 1
CTORER | —¢%,43{-,2109 ] 1,26 | 1,125 | 13,7 | .0,0 0,4 | &5,u
) hoveEMBERF LAY, 76|~ 5954 1,15 | 1,069 | 13,4 | -0,3 - 268
5 DECEMBERF-1E4,01-, 53431 1,02 11,325 33,7 ¢ +0,3 | 6.1 | £5.5
JIIARY ! =34,63 {1, 0%31 | 1,74 1,321 1%, 7 |1 .o 1 p,7 £5.0
7 ) —6Z2,320-.0706 132,05 | 1.ma ) 13.7 o, Ll n. 72 1 e5.0 .
s bARCH 'LY'| 43,52 14,1255 5,210 x,125| 12,7 5,0l 2,21 as,0
7 RPRIL 75,55 1, 2140 2,25 14,069 | 13,7 ] @0 4 3,5 | as.0
., _nay 192, 50 LL»;@S-. 4,69 j 1,125 13,7} b0 | 3,5 :.-5.:1
f3une  [sn), 15|, 22061 3,45 1,059 | 13,7 ¢, 0 2,6 | 4av, 0 !
o4 JUIY (362,90 1_.1{:-!- 3,65 11,1251 13,7 | 0.0 | 2.7 :.-,,.: )
AUGUST  143a. 0t fr, 0906 | 2,09 13,125 | 3.7 ) 0.0 | 1.1 ) A%
. SEPTEMBEN =2Y:d]) v, 0845 | 7,29 1,15 13,7 n,u L, 2 as, 1






Year - Month
Galn or loss -~ in mm P-E
Gain or loss - (106 m3)

Affluence - (10° md)

Requlation (106 m3)

AAccumulation (106 m3)

. Variation in accumuiation (106

Bleeding (106 m3)

Elevation (mf
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BASIN. UTINGA Dl:. BALX0
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TABLE 12-A

= e g [PRNC NI PO SR R

TABLE’ FOR THE 'I'RACING oF TllE OPERATIONAL CURVE OF RESERVOIRS

PERIOD; OGY, 62 / SERT. 66

P ': Frrdamaioanhe | Pervanulinrin | Liiuraria Magulctizigon Leumutasie Verjegcas : Senntg ala
:E '“‘;5, anfmmir-f | {1otec) tie® ~u) (V0 mind < | lrgb e} “:,‘.‘"_“.”! “3‘1"’ c’:")
EERE 2 3 4 5 G b7 i o | g |
heropeg | =99.92 -, 339 |_0,647] 0,937 a,7| 0,41 ~ | 64,8 |
, poyEMBER|-134, 8 - 508 | L.37 | 0,907 9.0l 0,01 -~ | s4.8 )
DECEMBERI-3L4, 23| =, 349 | @,778] 0.237 9,3 -0,5 -~ £4,%
9 IYANUARY | 72, 27] -,236 | 0,592] 0,937 8,7| -0,6 - €4, 7 |
¢ WEBRUARY[. -<,5%7 -,015 1,93 0,u4qY Y, 1,1 - b4, u
o JIARCH J+124,02 +,4240 3,04 0,937 L0, L) 40,3 2,5 69,4
/ ;*;‘I;l;IL +311,13 +,360 | 2,37 | 0,907] 10,1 0,0 1,8] 55,0
g -10,30L-,035 | 0,6981 0,937 9.8 -0,3 - Ei. G
TUNE' +55,z0] +,169 | 1,71 | 0,907 18,1} 40,3 §,7] 65,0
3 JULY -31,2% -,105 | 0,s08] 0,937 9,6 -0.5 ce.7 ¢
WUGUST | +32.50) +,043 1 1.35 | 0.937] 10.3]| +0.5 - £5,0 i
SEPTEMBER -90. 16| -, 301 | 0,570] 0,907| 9,4 .-0,7 1 - 64,5 |
CTOBER [-131, 33 -, 415 | G,021] 0,957 B,L] =L,3] = 63,8 |
‘JQVEMBER!-lzz,Qz -, 384 | 0,959} D, 907 7,81 0,31 -~ | &3,8 |
1 PECEMBER|_y14,.03] -,35) | 0,784] 0,937 7.1 -0,53 ~ | 63,4}
g JANUARY | _25.87]-,08% | 1,12 | 0,937] 2,4 +0,1! - { 6%, .
A »EB}?‘.UARY ~25,610 -,084 | 1,59 | 0,877 a,of +0.61 - .1 &3,6 1
5 ARCH 93,27 +,519 | 2,91 | 0,957] 10,1] +2,1i 0,2] £5,3 -
3 fPRIL " [+132, 16| +,452 | 2,62 | 0,967] 10,1 0,01 2,2 | &%, :f
/‘U:IE «31.650+,108 1 1.12 | 0,9371 10,1 .01 0.3 1 '45.G
3 b +110.00] +,576 | 2.43 p,on7l ig.) g,01 1,91 z8.C
s Yomrsr +6B, 250 +,160 | 1,57 | 0,957] 10,% g,0 0,6 1 &5,.
4 59,161 4,202 | 2,07 | 0,937 10.1 0.9 1,3 1 £5.0 1
SS??{_:B?N'?.“.}]. "-'-093 l.ﬂ':! 0490? ln.l 0.0 ¢ 5:‘] i ;;:E' 1
ACTORER . _mfs.'}s -,362 | 0,642 01,947 9.6 -0,71 -~ | &6G,5
) NOVEMBER|-127,76 ~, 617 | 0,712 0,987 3,6 0,6 = | €%,%
DECEMBERI=118.911-.377 | 0.c47i 0.9571 e.1 -0.5i - 1 63,51
9 DANUARY | -67,62] -.21) | 0.6461 90,9371  7.61 -0,5 - | 63,21
¢ FEBRUARY!-111,72|~,532 | O,26E( 0,547 6,7.1 -0,9 - 62,0 o
, MarCH -72,66|-,212 | D,60L| 0,937 G,2| -0,9 - 62,7 .
/ APRIL +70, 23| +,237 | 1,88 | 0,907 .7,4| +1,2 — N
‘MAY +34.53|+,108 | 1,15 |* 0,937 7.71 40,3 1 - -63.6 |
5 DUNE . - 1+205,35]+,702 | 3,68 | 0,907 10,1 +2.4 ] 1,11 &5 :
]ULY 2] = : — ) . -4 6£5.0 [
;. -23,52|-,072 | 0,6L4] 0,937 9,71 ~0.4 4 - AN,
_AUGUST. | +27,60]+,094 | 1,59 1 0,937 1U,1] 40,4 0.5 1 76,0}
SEPTEMBHR- %7, 91| -,020 ) 1,47 } Q,907] 0,1 0,0 0,4 | O
OCTOBER I~-114,Y5|~,306 | O,8881 0,9 9,7 | -0,4 - I -',.-;':FT
, [HOVEMBER-I0D, 46| =, 554 | D,760) 0,507] 9,2 0,5 | - | nh.5
“ | DECEMBER-11Y, 761 -, 386 | 0,630 n 257 §.51 -0,7 1 — 1 &4.3 |
9 JJANUARY . =19, 63(+, U572 | 1,62 | 0,957| 9,7 | 0.7 | - 25,
6 _FEBRUARY. -#1,%7/]-~,140 4 1,35 IJ B4y 9,6 +D,4 - '_r.—';'_i
5 MARCH? | -55,28]-,104 | 0,841 0,957 v.3] -0,3 -~ r,r::-; i
; APRIL - | -3,67|-,012 | 1,00 | 0,907 g.n il +0,) - i, 5
- may 0%, 30l 208 13,65 1 a,9357] 30,0 0.7 0. | st
E _— - oy Faa —tetr e SN s s (.-'_,:" H
6 JUNE - 1250, 30)r,056 | 4.27 n.sn7| 10,1 10,3 RN TR
g JULY 16k, 74 +,'.-_5_1. 1 2,60 | 0,937 10, 1 a,u 2,2 (.5-,:3 i
AUCUST | =1, I/ =, 1TUs ™0, 68|~ 0, 37 | 5,717 -0, - AT
SEPTEMBER =19, 31| ~, 066 | 3,99 | 0,907] 0,11 0.4 ] 0.6 ] f5.0
IV-6.4/87 .
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TABLE FOR THE TRACING 'OF THE OPERATING CURVE OF RESERVOIRS

WEIR. UTINGA DE BAIXO

IvV-6.4/88

TABLE 12-B
.msm, UTINGA DE BALXQ PERIOD OCT, I%GISEPT 1970
oi - Prrdtmbunte | PerdemiGanie | AllaZncia | Megotaniecda] teumelagzies | Vonacds | Zengre a"'
E; Mes e et L 3 t10%m,e.) et med l:t-‘—.s.l l'wC ~ed o, h:’:;;m:‘:;';‘i (i :t-l e —l
X 2 3 a | 5 6 "1 7 |8 j
_OCTORER[-111,63 -, 375 | U, 564] 0,957 9,4 -0,7 | 6',6 !
| ~NOVEMBER-L10, 93 =, 375 | 1,57 | 0,907] 9,5 +0,Lf = Gé, 7 |
DECEMBER- L L7 ;46| -, 389 G,6u8f 0,937 n,9 -0, 1 - YN
9§ JANUARY| -99.4% -,315 | 0,275] 0,937] 7,9 -1,0% - 63,7 |
6 L.FEBRUARY -32.7% -, 255 | 0,70%) 0,847] 7.5 0,0t - |} &35,41
¢ [ZARCH 1+137.39) 4,470 | 3,52 | 0,957{ 10,1 2,57 0,5} 65,0
/LAPRIL +56,53| +,193 | 1,72 | 0,907 10,1 ‘0,0 1,1} 550 |
- HAY +34.55 «, 118 | 1,15 | 0,537] 10,1 0,01 0,3] 63,0 i
6 ﬁﬁg 426,20 +,083 | 1.50 | 0,907] 10,1 a,0 0,5 | 65,5 1
7 +32,93 +, 113 | 1,21.1 0,9357] 10,1} 0,01 0,4 ] A5,< |
taucier . +71.500+,245 | 2,27 | ©,937) 10,1 | 0,0 1,6 | &3,0 .
SEPTEMBER ~:5.71) =, 1060 1,22 0,907} 10,1 g,0} 0,2 £5,3
. IOCTOBER '-9),28]~,315 | 1,39 | 6,937| 10,1 6,01 0,L] 5v;0 1
1 NOVEMBER =133, 71 -, 052 1,02 0,907 S ~D,3 7 - 3G, C i
5 DECEMBER.198.04)'-. 357 | 0.494) p.957] 9.0 0,801 -~ 54,4 |
JANUARY _93 371 -.2358 | ©0,970] 0.9371 ©,4 -0,61 - | &4, 1
6 {FEBRUARY 55 g2{-,170 | 1,08 | 0,377] 8.4 0,0f{ ~-- €4, 1
7 {TARCH 431,71 +, 405 | 1,18 | 0,937 8,7 +0,5] - &6, 4
/ LABRIJ, +25,8% +,03& | 0,820 0,907] &,6 -0, ] - 84,1
¢ LAY +54,25| +,177 | 0,665] 0,957] 8,7 0,17 - “HL.z ¢
lJunvg - s70.990 .23 | 0,607! 0.5071 8,5 ~0,1 ! - £a,% &
B vy ! +0.93L2,005 | 0.536] 0,537 8,2 0,441 - 25,9 )
SUGUST- =17 34 + 054 1,02 n,az 8,3 ~0,2 4 - &, 0
.SEPTEMBER -9/, 901 ., 237 ) D.a62) 0:9071 8:0 ~0.3% - 53.57
. JOCTORER -118, 4t -, 365 | 0.750] 0,9371 7,4 0,61 - a3, ¢
) INOVEMBER -84, 46] -, 255 | 0,654 0,907 6,9 -0,5: - L3, 4 )
g IDECEMBER =133, 09 -. 405"} 0.6591 0.9571 6.2 0.7 1 =~ | G2.7 ¢
JANUARY  =¢1,551 -, D41 D,630] 0,937 5,0 ~0,4 ¢ - 52,4 10
6'FERRIARY —43,561 -, 322 | 0,696 0,847| 5,5 -0,31 - 52,2
B [MARCH ~11,02{-,030 | @.759| 0,937 5.3 -0,21 - £2.8 1
|/ 1ARRIL.  -39,67 -, 1056 { G,611] 0,907 4,9 -0,4 - 61,7 !
7y +36:030+,092 | 1.21 | 4,937 5,3 40.4 - 52,0 [
6 YyuNE - +07,48{+,252 | 1,51 | 0,907] 6,2 +0,9 - 2.7 4
9IJULY-  «1a4;as5{+,4652 | 2.03% | 0,937 7.7 +1,5 - 63.5 1
AUGUST _ -12,15)-,039 | 1,38 | 0,957) 7,9 | s0,2} - 53,7 |
:SEPTEMBRER ~)1.361-,03% | 0,074} 0,907 7.8 1 -0.1 - 53.6 i
“-I0CTORFR -96,15} -, 296 | 0,764 0,937 7.3 }- -D,5 - 63,4
gnovsrmsn-ml.so -, 420 | 0,683f 0,907 6,7 -3, 6 - 63.0
L-i)ECEMBER! -97,70) -, 201 | u,s30l 0,937} 4.1 -0,5 - 62,5
9 JANUARY | -51. 62,345 | _0.4a02| 0,u37) 5.4 -0, 5 - 52,2
r. _r-‘Eamragx_—_l_fl.f__qn - 205 1 0,712 0.e&7) 5,2 0.kl - 51.78
D--:;mcn T ;w_u 1,11 | 0,937{ 5,4 <0, 2 - 52,5
. APRIL *I.J(},'rl“ L1672 1,39 |, 0,9U7 6,4 +U,06 - L2,4
/ HAY Y6, 00, 160 ) 1,36 V0,937 G, “a,4 7 - TEE
; JUNE 30,24 -_.ch L7t G0 7,1 n,7 - R
.li:JULY - 1263, 200, 009 12,32 | 9,357 o0 1 2,3 - 6, O
__g‘:‘tjcu:fr, RTHIEN YN KNG 9.:: 10,1 an,d 0,6 | wu.U
CSERTEMBER - 55,753 -, T04 1,40 LU TI00L U, 02| a
A
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-Bleeding (106 m3)

Elevation (m)
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w *ﬂ'r: BL ; goa 'mz TRACING OF Tm. OPERMIomL CURVE OF RESERVOIRS
m:m. UTINGA DE 'BAIXO TABLE 12-C .
‘BASTN: UTINGA DE BALXO PERIOD OCT, 70/ SEPT, 74
o) o, Preddmslmane | Herfameonne | Alluietia | Roqulantugi] Adtvmclaziae Varlagis Senjrea Colau i
= LES emfmmlPof | protemel | fiubwad | (0tmal (165 g | “:f)‘,':"‘:"‘ E A {en) I
e 3 2 5 G 7 2t 95 il
TocTarpg)-11U,001-,3599 V1,05 [0,937| 9,3 -0, 3 - | 64,5
) |NOVEMBEW v23,. 25l -.626 | 0,450l 0,007 9,3 -0,5 . | 66,5 1
DECEMBER 120, 34| ~. 658 | 0.017] 0,937 8,7 -0,6 - | 66,21
9 TIANURRY Y 99, 07| -.256 | 0,855] 0,957| 8,6 -0, 7 | 66,5
7 BRUARN 371 ul- 349 [ n.635] p.d47| 7.8 -0, 6.1 - 53,% |
0 IpaRcH ) 26R.96)=,305 1V 0.798) 0,9571 7.4 -0,4 - 63,4 4
/ |apRIL | -69,2) Z, 210 | 0,379 0,907] 7,2 -0, 2 " 52,2 !
; [y +119. 27| +.380 | 2,81 | 0,9371 8,4 71,20 - 1 €&,q i
JUNE +24.10[ 4,079 | 1,43 | 0,907] 5,0 +0,6 | - ] 84,3 'l
J P IuLy s66, 71 +,227 1 1,58 | ©6.957] 9,9 +0,6 ] - | 65,9
AUGUST | +17,50] +,C61 | 1,55 | 0,957 | 0,1 0,2 0,9 55,0 i
- SEPTEMBHR_&2,5561 -, 146 | 1,33 | 0,907| 10,1 0,0 g,3 | &83.¢
PCTOBER™ | 227,643 -,094° | 1,96 | 0,937] 10,1 g, 0 0,2 | 65,3 .
y JOVEMBER[ 102,57 -.558 | 1,41 | 0,907] 10,1 0,01 0,21 55,3 .
0 DECEMBER |1 52, 64) -, 650 | 1,20 | 0,937| 9,9 -0, 2 - | 54,9 o
Uakt v 74 20l -,251 | 1,07 | 0,937 9,8 -0,1f - 65,3 ¢
¥ FEBRUART Y55 94T 109 | 1,04 | 0,677] 9,0 0,0 - 54,5 ')
1'mml | ~80v0 -, 440 Iy 29 U, va7 v, U, L - 54,35 .
/hpprL 13156,900 +,537 | 2,06 | 0,907] 10.1 +0,2 1 1.5} 55,2 !
7 by v102,75]%,351 | 2,43 | 0,9374 20,3 | o©0,0 ] 1,2 § =%.2 :i
JUNE +180,75/ +,618 | 3,11 | 0,907 10,1 0,01 2,81 5.6 :
2 {ULY 1 +720.961+,072 [ 1.16 | .0,937] 10,1 g.0l 0.3 g%.3
AUGUST | +92.05)+.318 | 2.22 | 0.9371 19,1 n,n 1.8 1 25.3 f
L epTEMBEN -32.921-.137 | 1,87 | 0.9071 10,1 a.e 0.2 i 5.3 't
.BCTORFR | -83.3131..,284% 1,43 1. 0,9371 10,2 0,00 0,21 45.3 :
1 liouevmep =131, 761 -, 45 | 1,03 | 0,907| 9.8 _0,3 | - 55,3 4y
o hECEImER] AT, 71 -,273 0,898 0,9071 ‘9,5 ~0,3 -~ a-za.;s____.;
7 annagy 1 =76.42|-,256_| 0,931] 0,9371 9,3 -0,2 - 1851
? Lepoapy ! 7,771,025 | 3,45 | 0,047 9,9 +0.56 =l 65.9
2 lupey | ~57,73|-,196 | 1,28 | 0,957 | 10,0 +0,1 | - £2.9 1
7 bRt ¥36,000+,Y26 | 2,54 | 0,907 ] 0,1 10,1 1,7 | 65,0 U
" Lay v103, 100+, 353 | 1,79 | 0,9374 10,1 0,0 1,2 .30 ¢
! Finer +69, 10|+, 223 2,64 0,907 10,1 0,0 1,8 a5, 0 |
3 fuLy- +16,90(+,050 | 1,73 | 0,957 ) 10,1 G,0 0,9 | 55.0 1
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‘Regulated flows of about 20.000 m3lday or in excess of 36,000 m3/day

could be expected for the same reasons as above.

The last reserveir, called Bita for reasons of predominance, has

its main dam located at the closest convenient point from the gravitarionmal
center of the CI, and constitutes a key spot for the leadoff of the
delivery, treatment and distribution system of the water of asuperficial
nature. The previous reservoir, called, also by'predominance Utinga

“de Baixo, allows the bleeding of the excess of its waters into the

Piraj% basin, thus increasing the regulating capacity of the Bita
reservoir. The water stored in Utinga de Baixo can easily be delivered

by an open canal to the water intake (downstream) of the Bita dam.

The Bita reservoir, whose spillway discharges into the Ipojuca basin,
allows the highwaters of the river Massangana, in a large part of

its basin.(36 kmzj to be‘diverted from the original area to the area
dominated by the Ipojuca which, due to its size, easily absorbs these

excesses.,

Finally, the Bita reservoir, due to its location, is the one that

can most easily receive additional water from the Ipojuca syscem.
4.1.4 IPOJUCA SYSTEM y

The river Ipojuca forms one of the largest hydrographic basins in

the State, with an area of 3,539 kmz, and it is the longest river -
245 km. its spring is between the Serra das Porteiras and the Serra
das Guaibas, in the county of Arcoverde - PE, at an altitude of

about 800 m; its course shows a form factor Of 0,05, and its repgulated
flow ecan feach 1.000.0C0 mBIday.I: flows into the sea in the port

area of Suape, and the last 7 km of its course qre in the CI area.

r
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Gain or loss - in mm P-E

Gain or loss - (106 m3)

Affluence - (106 m3)
Regulation (106 m3)
6

Accumulation (10 m3)

Variation in accumulation (106
Bleeding (196 m3)

Elevation (m)
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Therefore, the river Ipojuca acquires a great importance when a large
industrial consumption of water is foreseen, and it becomes a precious

gource,

The effects of the floods in the low, lagoonal areas that have acrted
ag natural reservoirs and that will certainly increase in value due
to the CI undertaking, will have to be kept under control and are
the object of a special study in the Flood Control chapter, im which

a solution for a dam at Engenho Crauassu is offered.

. The studies made toward the operation of the reservoir as a flood
control element show the possibility , when using the non-cperated
reserve for this object, of expecting flows of about 500.000 m3/day,
casily diverted through the use of pumps and a feeder canal into

the Bita reservoir.

4.1.5 QUALITY OF THE WATERS

.A sample collecting campaign was carried out at strategic sites,
in places close to the location where the water is to be used, or
close to polluting centers, in order to gain better qualicacive

knowledge of the springs that interest the CI,

Seasonal and local factors, as well as the already existing industrie,
alter consider-bly the quality of the water of some springs, especially

those of the river Ipojuca.

The analyses made in 1967 and 1968, like those made recently lead

to the belief that the waters of the springs studied, when properly
controlled, will not p}esent major problems as far as their treatment
is concerned, and should show physical, chemical and bacteriological

characteristics that are acceptable by international standards.
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The low pH, the apparent colour, the iron content that is at times
somewvhat high, the high content of sodium chloride in the river

Ipojuca during the rainy season could be corrected.

CECPA.(Comissﬁo Estadual de Controle de Poluigao das Aguas — State
Comnission for the Control of Water Pollution) is working on the
contention of polluting agents, so that these waters should regain
and maintainthe characteristics that are recommended by internatienal

standards.
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4.2 UNDERGROUND WATERS

*

4.2.1 GENERAL

The studies that were carried out led to a preliminary diagnostic

about the underground water resources that are liable to be used.

The existence of exploitable underground water, for specific use in
limited areas ou to face consumption emergencies, through tubular

wells, was dicovered.

Tests that were carried out with two wells that were drilled in the
Lorough of Nossa Senhora do 0, at the South of the CI showed flows

of 100 and 140 m3/hour, at the respective depths of 63 anf 80 m,

static lévels of 8,30 and 8.00 and dynamic levels of 17.80 and 18.30 m,
and the cost of the water produced by these wells was estimated at

CR$ 0,11 per cubic meter.

ﬁbrth of the CI, in the Jaboatzo industrial area, élcng highway
BR-101, several wells were drilled. Those wells, distant from the
Suape area, have-a lower output than those of Ncséa Senhora do O.
Their depth varies between 8o and 100 m, and the flow is between

6 and 18 malhour; the static level varies in surge up to 5 m and

the dynamic level varies between 2 and 56 m.

In the neighbourhood of the city of Cabo (CERMIC works), an area
closer to Suape, a hole was drilled to-a depth of 150 m, with no
result; it should be mentioned that in spite of the great depth, the

crystalline base was not reached.
The factors above 'show the non-generalization of results in the area

under study, and more detailed research will be necessary before

valid conclusions can be reached.
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4.2.2 A SURVEY OF THE WATER POINTS

The water points surveyed, 41 (forty one in number), although they
do not represent the total that exist in the area, allowed a good
?efiqicion of the hydrogeological situation. The following table
shows, a synopsis of the data obtained, including depth, elevatrion
above sea level, stacicllevel. diameter, location and observations
concernia the quality (taste) and the seasonal variations of the

water level.

The profiles of the wells drilled in Nossa Senhora do D provide the
-following information:

1:) The aqiiferous material used 1s a sandstone, medium to
coarse, generally with little clay, in conglomeratic horizons, locally
badly selected, varying in colour from reddish to brown. Occasional

interspersions of sandy clay exist.

-~

2.) The wells, although they are close to ecach other, do not
use the same thickness of aquiferous marerial and filters, and for
_this reason they have different specific capacities and dynamic

levels; hbwever,-the quotﬁents of the specific capacities by the
respective thicknesses of the aquiferous materials used are practically
the same - 0,46 and 0,48 malh/m/m, showing the uniformity of behaviour

of the aquiferous material.
4.2.3 PIEZOMETRIC MAPPING

Using as a basis the elements provided by the survey of the water
points, more specifically that of the eleveations of the static levels,
it was possible to make a map of the isopiezometric curves of the

surface of the free agquiferous.
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The lowest.isopieczometric curve consideed for the map was the 1,0 m
curve and the highest was the 10 m curve, This lower curve is close
to the line that marks the limit of the Swape ~ Nossa Senhora do O
sedimentary plain.

-

A study of -the map leads to the following conclusions:

- The general flow is ins the direction of the ocean.

= In the dry zones, or the valed inlaid in the sedimentary
package of the Cabo formation, there is a flow toward the interior

of the vale from its slope.

- the hydraulic gradientof the underground waters, although it
* .  has not been numerically defined, proves to be much higher
in the occidental part of the plain, in the feothills that

mark i1ts limits.

- a wﬁtershed of underground waters occurs, which is shown on

the piezometric map, in the region of Santo Agostinho, as far
+ v +_ +as the city of Cabo.From this watershed, the waters drain
to the NE and SE, respectively the high region of Barreiras

plain Suape — Nossa Senhora do 0.

"4.2.4 THE AQUIFEROUS SYSTEM

The present condition of the studies makes possible the identification
in the CI area of three aquiferous units, two being free and one

confined. In statigraphic order, the existing aquiferous are as follows:

a) free aquiferous of the sedimentary deposits, dunes, and non—
confined part of the Cabo formation. )
b) free aquiferous of the plio~pleistocene sediments of the Barreiras

Group,
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c) confined apiferous of the Cabo Formation.

TPe confined aquiferous of the Cabo Formation stands cut in order

of importance, with a possible thickness of 150 to 200 m. and with
renewals p}ovided by direct fluvial inpfiltration of drainage waters
(frowm the rivers) and by drainage from the free aquiferous. Taking

as a basis Ehe spring at the lowest existing elevation of the Cabo
Formation, and the same isopiezometric reference noted in the Hossa
Senhora do O wells, we can see that the flow of the underground aqui-
ferous is toward the sea.

The second most inportant aquiferous is free and it is represented
lithélogically by alluvial deposits of little depth and by deposits
of-beach and contiﬁenetal sands (dunes). Due to the topographical
situation, this aquiferous.,is exposed to the advance of high tides
(superficial salinization) and, locally the-surface of the phreatic
blends with the marshes that are, in final analysis its natural issue
to the East, This aquiferous could be used only in special and favorable
conditions, with local re%trictious to face any impitant water requirement
in the CI region,

The third aquiferous unit.was individualized at the North of the
Massangéna river, and it is fundamentally represented by the sediments
of the Barreiras group that form extensive tablelands, half dried up
_and crossed by thalwegs with a general E - W direction. The flow is
probably towards the East, as show the resurgences (springs) that
exist along the coast.As a whole, the phreatic surface is much higher
than the preﬁious unit, It is possible that this aquiferous should
constitute a recharging element for the others. The refill of this
one is furnished by that part of the atmospheric precipitation that

infilctrates. .
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4.2.5 HIDROCHEMICAL CHARACTERISTICS
The nine (9) chemical andlysis of collected waters showed the results

tabulated below.

The ahalysesof the waters of the Cabo Formation show that they are
slightly acid, and, in general, only lightly mineralized. The indication
of traces and even the presence of nitrates and traces of ammonia
does not actually eliminate the condition of potableness of the
water, but it is an indication that it should be used cautiously,
and bacteriological analyses should be performed, %he analysis of
the §ossa Senhora do § well shows higher than average quantitatives
in relation to the, aquiferous tested, which leads to the assumption
that the free aquiferous was not properly insulated during the
construction of the well. It should be remembered that the city of
Nossa Senhora do 0 does not have a sewers network and that it is

a region of intensive sugar-cane culture, where fertilizers are ued

in the soil.

The analyses of the water of the Barreiras Group show very low
mineralization and relative acidity, and there are besides traces

of nitrates and ammonia, '

The waters from the dunes and silt are the most mineralized of all,
. although they are still within acceptable potableness limits. It is
known, however, that this aquiferous is the most vulnerable to

contamination by man and, in-certain places, to the advance of the sea.
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5.0 ESTIMATE OF RéQUIREMENTS

5.1 GENERAL

In order to make an estimate of the requirements, we shall study

independently the water needs for the following units:

1- Cabo sub—-area, including the zone North of the green
barrier that stands between the port zone and the city of Cabo,

with the exception of the beaches,

2 - Nossa Senhora do § sub-area, including the residential

zone of the city of the same name.

3 - Refinery sub—area including the site reserved for the

installacion of the refinery.

4 -~ CI sub-area, including all of the zone of the Industrial

Complex, excepting those mentioned in the items above.

As regards the consumption of the various units, quantitatives shown
in the tables were determined, taking as a basis the type of, and the
areas occupied by the industries, ports and auxiliary services, as -

well as the level and population of residential areas.

14-6.5/1



5.2 CABO. SUB-AREA
The estmated requxrements w:.l:h maximum occupation, reach close to

70.000 m lday, that is 0,70 m /sec, distributed as follows:

fik | SRS e | capmer
INDUSTRIAL ZONES ) _1
ZL = 3 |2t g 633,00 , 30 18.990
R N oweer T 30 : "5.300
- RESIDENTIAL ZONES : ‘ g '
ZRE ~ Cabo "] 274,00 20 - © 5,480
ZRE‘ -~ Ponte dos Carvalhos 168,38 20 ' 3.370
ZR¢3- Novas é{eas ceste )
cabo ) 341,67 20 * 6,830
ZR.3~ Nocas dreas Gurjad | 211,67 20 4.230
ZR.3~ Novas areas BR-101 661,00 . _ 20 13.229
ZR.3~ Novas ‘;‘a'rgas...aoa. .
Vista - 1. 567,00 ' 20 - . 11.340
TOTAL b B I
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5.3 NOSSA SENHORA DO 0 SUB-AREA

‘For thﬁs area, the growth of which is limited to a population of
16.661 inhabitants, for an accupied area of 135,00 ha, the maximum
estimated requirement for a consumption of 150 l/day/inhab. reaches
2.500 m3/day, that is o0.028 m3/sec.
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5.0 REFINERY SUB-AREA

Although it is included in the CI sub—area, which we shall study

later, it was decided to consider independently trhe estimated requirements
of theé refinery, due to its great improtance in the water supply systen.
In accordance with a study made in other refineries, a daily water
consumption of 43,200 m3 , that is about 0,5 malsec, was estimated

for conditions of maximum expected production.



1L,
5.5

CI SUB~AREA’

In this sub—area, the maximum daily water consumption may reach

3 .
240,000 m™, that is about 2,8 m3/sec, in accordance with the

distribution below:

TOTAL MBIDAY

., ZONB POPULATIO URIT
p TION  AREA constnprroy | CONSUMPTION
INDUSTRIAL ZONES 5.760 * 251,869
7I.1- Ind. related with 2,045 | 50 m°/ha/dia|  102.250
the port
i ZI.2- Ind. not related 1.905 | 50 m°/na/asa 55.250
with the Port 3 ]
2I.3- Independent Ind. 1.425 30 m”/ha/dia §2.750
Z1.4~ Ind. for Service . 3
support 385 | 30 m"/ha/dia 11,550
+* PORT ZONES S 790,00 . 11,38€
ZP=1- Collective Port 703.33 | 10 m>/ha/éla 7.032
gp~2~ Fishing Port 86.67 | 50 m>/ha/dia 4.323
ADMINISTRATIVE ZONE 152.00 . 1.520
2CA - 1 73.33 10 733
. zZca - 2, 33.67 10 337
ZCA ~ 3 45.00 10 450
RESIDENTIAL ZONES 113.500 ) * 18,459
ZR-2 ~ Boasica - 81,400 626,67 |170 1/hab/dia 13.840
‘ZR-4 ~ Pontal do Cupe 4.500 150 1/hab/dia 675
- Praia de Gaibl 3.400 200 l/hab/dia 68D
pPraia de Pedras ; .
Petras 3.300 150 1/hab/dia 495
Praia de Itapuama 2.200 150 1/hab/dia 339
_ Praia do Paiva 2.800 150 1/hab/dia 420
2RE~ Ipojuca , 8.400 , 150 1/heb/dia 1.260
ZRP-  Camp 7.500 100 1/hab/dia 75C
. SUB-TOTAL 263.135
* * MINUS REFINERY . 43.200
2319.936

TOTAL SUB-AREA CI

* Ha/dia - hab/dia = inhabitants/day
Iv-6.5/5
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6.0 CONCEPTION OF THE WATER SUPPLY SYSTEM

.
- 1

6.1 GENERAL .

The study of the available springs, along with the flow estimates

at the selected points of impoundment, the requirements, positioned

in space and time, and the convenience of investors lead, without

any doubt, to a set of variables with an infinite number of combinations.
In this case, the planner is dominated by conditionals that cannot

be measured a priori, where the assumptions of kind, size, date etc.

of installation of the industries are still subordinated to imponderable

factors.

Thus, still more than in future projections of already existing or

at least embryonic undertakings, a careful selective process is justified
in order to rexh extremely flexible solutions of modular implementation,
able to respond, with financial opportunity, sufficient quantities,

aud operation within the stated limits of time, to requests of any

cpeed or size.

Besides, so large an undertaking, within the boundaries ¢f the
metropolitan area of Recife cannot be viewed singly ‘and the mutual
reflection CI-Great Recife must be considered, 50 as to facilitate
its integration into areas that will inevitably, in the future,

blend into one single city. '

Therefore, the present plans concerning the water supply of CGreat
Recife could not be ignored, as neither could the planned uses of

the common springs and, when adding new icpacts to the city of Cabo,
primarily, and, secondarily, to the city of Ipojuca and the boroughs
of Nossa Senhora do O and Ponte dos Carvalhos, it would be impos<ible

to forget the consequences of those impacts on the expansions of the

Iv-6.6/1






6.2 CONCEPTUALIZATION OF SUB-AREAS

The geotopographical conditions, the existing planningg and, as a
consequence or lucky coincidence, the available hydric resources, lead
to the selection of three separate areas, among those considered and

occupied under the master plan,

The first of these is the area close to the city of Cabo, along

the BR-101 and PE-60 highways, which is already developing due to
large industries, already installed or under installation, and there
is little doubt that a structure based on so important a port as that
of Suape will increase considerably the rhythm of this development;
it is characterized by the pre-existence of a water supply system and
by a planning of its expansion. It is therefore necessary to
coordinate the Master Plan of the CI with th water supply plan of

the city of Cabo.

The second area lies South of the agricultural and forest zone that
makes up the green barrier between tﬁe industrial and harbour zone
"of the Suape and the city of Cabo; this area is limited to the East
by the océan, and to the!ﬁesc by highway PE~860; to the South, by the
parallel that passes approxi,ately ar Cupe point. At present, the
main feature of this area is the non—existence of Plans or Prograums,
except thase covered by this study, with exclusive springs, and

with no restrictions apart from those imposed by the CI.

Finally, small in size, but fundamentally important for the project,
we have the borough of Nossa Senhora do 0, with a water supply systen
in its final phase of installation, with an expansion plan, that will
i pa short time , within predetermined limitations, fell the effect

of the creation of the CI to which it will be indissolubly integrated.

IvV-6.6/3



6.3 THE CABO SUB-AREA

The Cabo sub-area has the Pirapama system as a natural hydric source.
Compesa made a contract for the establishment of the Master Plan for

the water supply of the city of Cabo, and they will be given the studies
concerning the influence of the Suape on the region consideredand
especially on the sub—a;ea, as well as the studies made in the

Pirapama basin.



-

6.4 THE CI SUB-AREA

We gave the name of CI sub-area to the area that is the main object
of this study, nor only because of its location and function within
the master plan, but especially because it is the region in which

the springs, the mains, the treatment and the supply of water are

excluéively programmed from the point of view of the installation

of the port and of the industries. As was previously mentioned,
this exclusive character cannot leave aside the unavoidable co-ordinationm
of the CI water supply system with the neighbouring systems, especially

the one of Great Recife.

Hhen this study was started, on the basis of the data and the facts
that were then available, only the superficial source of the river
Pirapama was considered, in the tributary area of the Engenho Matapagipe,
where there even existed a final project for the construction of a
concrete dam. The first studies were aimed in that directiom, while

looking for better hydrological, topographical and geotechnical

'solutxons. The existing pluvxometrxc and fluviometric data were collected,

but due to the almost complete lack of information, TRANSCON hegan

operating in February 1974 the following hydrometric stations:

DATE

+ Hame of
N . {ARK -
Station TYPE INSTAL. TOWN REMARKS .
1 {Engenho Serra Gran (Pluviemetro { 15.2,7% "Ptéria de ?}]S)Ealle‘i by '
do it o °€ NE, Operated
Lo [Ene AnEee ke TRANSCON
2 Fayenho Cachoeira . 15.2,74 [ Czeada Tnstalled and
Tapuda . operated by
ITRANS vod
3 |Engenho Capim o - 17.2.74 Cato cox l.:‘
Dentro s l
4 lEagerho Hatas Pluviovetro 117,2,74 Cabo -
Pluvidgrafo .
% jragennho Cabruncna  [Pluviesetre §12.2.74 ) Efcada hd
¢ leranja S3o Soverino - 15.2,74 ¢abo .
7 | Engenho Uatapagipe [Jinfactio 12.1.%¢ cabo -
linigraflo
B {pua D'Agua llnjretro 16.2.74 Cabo -
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Sixty one (61) flow measurements were taken at Engenho Matapagipe
station, and forty eight (48) at the Rua d'Agua station.

Under the respect of maps, the only one that was available was a map
issued by the Army Geographical service at the scale of 1:25 000,

that provalentirely inadequate for detailed studies. The mapping of

the hydraulic basin of the reservoir was started, at the scale of
1:10.000 with a spacing of 5 m between the contour curves; this mapping
was carried out to elevation 60, since it was most improbable that

the water level could be locatad above elevation 55,

Regarding geology and geotechnics, an accurate study was made, and

is part of a specific report.

The basic elements mentipned allowed the revision of the previous
project, with the use, as a preliminary plan of a solution consisting

in earth dams on the rivers Pirapama and Manoel Gongalves that was
without any doubt cheaper, as well as more operational as regards

water level, for the regulation of the flows.

The develcpment of the studies led to the investigation of econcmically
viable solutions concerning the delivery of water from the Matapagipe
reservoir to the CI, over a distance of almost 17 km, the high elevations
of the watersed between the Pirapama basin and the-small basins of - ,

the Prego, Alsodoais and Massangana standing between these two regions.

Among the possibilities considered, the most interesting secemed to

be the delivery through the very bed of the river, the impoundment

near Charneca, the pumping to the Prego or Algodoais basin, and sucessive
dammings and diversions to the Massangana basin where, dominating the
gravitational center of the CI, a last dam would allow the treatment

and distribution with the minimum use of large diameter mains under

pressure. ) -

Studies were undertaken concurrently to provide a better knowledge
of the characteristics of the river Ipojuea, through the collection
and analysis of pluviometric data from the Caruaru, Arcoverde and

Escada stations, also through the reactivation of the limnimetric
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station of the Engenho Maranhao, installed by SUDENE on June 10,1971,

Besides daily observation of the measuring rod, 15'flow measurements
were taken at this station. The study of the control of the highwaters of
the Ipojucaled to a solution that allows, with the utilization of the
work projected as a flood leveler, the regulation of the flow of
500.000 malday, which afe easily pumped and'delivered through an open
.canal to the last reservoir of the Massangana system. It was also
found that simple expedients, like the fitting of a sluice to the
discharge pipe of the flood regulating dam and the increase in the
highest elevation of the dam would allow, without impairment of the
control function, the expansion of the regulated flow up to its limit,
estimated at 1,000.000 m3/day.

These conclusions led to the displacement of the main studies in
favour of the rivers Ipojuca and Massangana instead of the Pirapama,
considering that those two rivers represent a sufficient reserve for
. such large undertakings as the CI, at a lower cost, and, mainly,
because the construction of a large work for flood control is
upavoidableon the river Ibojuca, as are smaller works with the same

object for the river Massangana.

These works therefore have several purposes, conversely to those
of the Pirapama, since, as far as CI is concerned, the latter river

presents no flood problems,

The reservoirs on the rivers Irego and Algodoais, as mere receivers

and deflectors of thewaters pumped fr;m.Che Pirapama lost their
main purpose, and rewmained, for more detailed studies, the reservoirs
of the Massangana basin.

TRANSCON set up limnimetric stations in the Massangana basin, viz.

at Ehgenho Boa Esperanga, on May 26, 1974, Engenho Tabatinga, on May
26, 19743 Engenho Utinga de Baixo, om May 16, 1974 and Engenho Boa

Esperanga (upstream) oun June 2, 1974, These four stations have performed,
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respectively, 6, 14, 10 and 10 flow measurements.

The analysis of the fluviometric and pluviometric data showed that

the basin of the Massangana had a high efficiency of about 4o0%.

Considering the pemmissible topographical conditions, two favourable
sites were chose for the construction of a dam. A small reservoir
exists at present on the first site, the dam of which could be
‘increased in height, making possible a regulation of 420 1/s at
elevarions between 40 and 45 m. This suggests the possibility of
installing downstream aprocessing station, and it would also provide
the necessary elevation for the distribution by grdvity to almost
the whole of the CI. The second reservoir, on another branch (the
river.Tabatinga) vould hold water between elevations 59,5 and 65,
regulating 400 lls; delivered by a feceder canal to the same

processing station.

It can be seen that the reservoirs, which were at first intended

to be opertaional within the system, play the part of an irportant
source of water supply, ail the more so because through comparatively
inexpensive work and because of the speed at which they can be
executed, guarantee the water supply of the CI suﬁ—arpa for a long

time,

Besides, by bleeding the second reservoir into the ba;in of the
first, and bleeding the latter into the Ipojuca basin, a large volume
of highwaters and floods are diverted from the pioneering part cf
both the port and industries; the increase proveked in the Ipojuca
basin will be .easily absorbed thanks to the projected works in

that area for much larger volumes originating for the very basin

of the Ipojuca.
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‘6.5 ‘THE SUB-AREA OF NOSSA SENHORA DO O

The su~area of Nossa Senhora do 0 has an imoortant function in the
settlement of the pioneering populations. With 3.519 inhabitants,

it has an estimated vegetative growth to 4.136 , 4,690, 5.185 and
6.261 inhabitants in the years 1980, 1985, 1990 and 1995 respectively;
however, the impact of the CI will push these figures up to 7.136,
11.290, 12785 and 14861 inhabitants at the same period. It is believed
that a last figure of 16.661 will not be exceeded due to a lack of
physical area.

This sub-area has a water supply plan that is about to be initiated,
fed by two wells for the impoundment of underground water, whose
combine minimum flow is 4,500 m3/day, sufficient for the estimated

population.
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6.6 THE PROPOSED SYSTEM
6.6.1 IMPOUNDMENT

The Cabo su-area will have its impoundment system defined by Compesa,

from the Pirapama system, The surveys and the mapping, geotechnical

and hydrological studies shown in separate reports allowed the preparation
of a preliminary porject for the Matapagipe Da, including the inter-

connection of the teserveir with the present Gurjau system.

These documents will certainly help Compesa to make their decisions

in the future.

The studies of the physical and territorial occupation toock into
consideration the impacts of the CI os the expansion of Cabo, thac

will create a complementary demand for 68.760 m3/day of water, chus

distributed:
INDUSTRIAL ZONES: 24,290 2°/day
71 - 3 18.990 m>/day
21 - E 5.300 m>/day
RESTDENTIAL ZONES 44.470-2°/day
ZRE - Expansion of Cabo - 5,480 m3/hay
ZRE - Expansion of Ponte dos Carvalhos 3.370 m3/day
2R3 - A - New areas West of Cabo 6,830 m3/day
ZR3 — B - New areas in the Gurjaa 4,230 m?/day
ZR3 - C - New areas BR~101 Ponte dos Carvalhos 13.220 m3/day
ZRs - C - New areas Boa Vista : 11.340 m3/day

In the same way, the Nossa Senhora do O sub—area has its source for
impoundment of underground water through 2 wells, the features of

which are thoroughly studied in rhe hydrogeological studies report;

these studies will help for the complementation of the systea, up

to the limits set in the Master Plan. It may be stated that these

two wells will attend staisfacorily the needs of the expected population,
the maxinum demand estimated at the time of total occupation being

2,500 mslday.

IV-6.6/10






‘The water supply system of the CI su-arca has for impoundment the
Massangana and the Ipojuca systems, through the Bita, Utinga de Baixo
and Ipojuca reservoirs, this last being the main componsat of the

flood control system.

The Bita reservoir is formed by 4 earth dams, that recain and

elevate the waters of the river Cangari, an affluent of the Massangana,
up to elevation 45; the excess water bleed at this elevation into

the Ipojuca basin. The reservoir will be oper-ted above elevation 40,
at which is the water inletm and a regulated flow of 420 1/sec is
obtained, or say 36.300m3/day.

The Utinga de Baixo resevoir is formed by 5 earth dams, that retain
and elevate the water of the rivers Utinga de Baixo and Boa Esperanga,
branches of the river Tabatinga, an affluent of the Massangana. The
water from these branches, when rising to the maximum elevation of

65 m, are interconnected and blend into a single reservoir, that operates
from elevation 59,5, vhere the water inlet is located. The regulated

flow reaches 400 l/sec, or 36.400 m3[day.

The excess water is diverted through the spillway into the basin of
the river Piraja, a branch of the Cangari, thus reinforcing the

accunmulation of the Bita raeserveir.

The Ipojuca reservoir is a result of work projected in the Master
Plan of the Flood Control System. On the other hand, this reserveir
makes it possible to increase the basic flux of the river, estimated
at 3 m3/sec, to 6 m3/sec, taking into consideration only the volume
accumulated between elevation 24,7 of the water inlet, and elevation
27, vhere the free discharge of the reservoir starts, that is without
the introduction of new complements to barrage under study for the
control of floods. This discharge, which is the equivalent of
500.000 m3/day, attends amply the estimates of the total demand of
the CI area, valued at 283.136 m3!day, 70.900 m3 of which will be
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‘The water supply system of the CI su-area has for impoundment cthe
Massangana and the Ipejuca systems, through the Bita, Utinga de Baixo
and Ipojuca reservoirs, this last being the main componsnt of the

flood control system.

The Bita reservoir is formed by 4 earth dams, that retain and

elevate the waters of the river Cangari, an affluent of the Massangana,
up to elevation 45; the excess water bleed at this elevation into

the Ipojuca basin. The reservoir will be oper—ted above elevation 40,
at which is the water inletm and a regulated flow of 420 1/sec is
obtained, or say 36.300m3/day.

The Utinga de Baixo resevoir is formed by 5 earth dams, that retain
and clevate the water of the rivers Utinga de Baixo and Boa Esperanga,
branches of the river Tabatinga, an affluent of the Massangana. The
water from these branches, when rising to the maximum elevation of

65 m, are interconnected and blend into a single reservoir, that operates
from elevation 59,5, vhere the water inlet is located. The regulated

flow reaches 400 1/sec, or 36.400 m3/day.

The excess water is diverted through the spillway into the basin of
the river Piraja, a branch of the Cangari, thus reinforeing the

accummulation of the Bita reservoir.

The Ipojuca reservoir is a result of work projected in the Master
Plan of the Flood Control System. On the other hand, this reservoir
makes it possible to increase the basic flux of the river, estimated
at 3 m3/sec, to 6 m;/sec, taking into consideration only the volume
accumulated between elevation 24,7 of the water inlet, and elevation
27, where the free discharge of the reservoir starts, that is without
the introduction -of new complements to barrage under study for the
control of floods. This discharge, which is the equivalent of

500.000 m;/day, attends amply the estimates of the total demand of
the CI area, valued at 283.136 m3/day, 70.900 m3 of which will be



provided by the Massangana system.

This demand is distributed as follows:

Industrial Zones 251.800 malday

Port zones . 11.366 mslday

Central Administrative Zone 1.520 m3/day

Residential Zones - 18.450 m3/day
6.65§.2 DROCESSING

The water of the Bita reservoir are delivered through a closed
canal to the Processing Station at a distance of about 850 m

from the water inlet, on the way to the zone of consumption,

The possibilty of supplying raw water {(includimgwater submitted to
partial processing) to the industries, when requested. This distribution
of raw water, not dimensioned originally, may assume very large
proportions.since, besides its industrial use, it can also be utrilized
for such services as the washing of wharves or ships, as well as

in the fire prevention network., Whatever the case, only the Chemical
Plant will be relieved, since it is indispensable, even for the pro-
tection of the mains themselves, that the water be decanted and
filtered,

The processing Station will be built on the modular system, each
module having a capacity of 75.000 m3lday, which means rhat only
one module will br built in the first stage, others being added,
until a total of 4 modules is reached, which will be sufficient for

maximum occupation.

A module, with a capacitu for 75.000 m3/day, includes a Chemical Plant,
a Device for the Rapid Mixture of Coagulants, 5 Floculators, 5 Decanters
and 10 Half Filters, with a total area of 250~m2 and a filtering

speed of 300 m3/mzlday.
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6.6.3 DELIVERY AND DISTRIBUTION RESERVOIR

Considering the area and the estimated demands, the studies les to

the delivery of virgin water to two reservoirs the first one dominating
the central and northern zones of the CI sub-area, including the
hhachéﬂchcs, and the second one dominsaring the southern zone, including

the Boasica reseidential area.

It was assumed that the needs of the refinery would be taken care of

by exclusive mains, starting at the ETA.

“Th total daily demand of the system, estimated at 283,200 m3 can be

distributed as follows:

Refinery 43,200 malday
Southern Resevoir 60.000 m3/day
Central-Northern Reservoir 180.000 m3/day

The delivery to the refinery was planned in a single stage, with

.mains of 600 mm in diameter over an extension of 4.500 m,

The delivery to the central, northern and southern reservoirs was
planned in successive stages, each module having a flow of 30.00 mslday
and an extension of 4.500 .

The ETA reservoir was designated as R.1.

Th reservoir that feeds the central-northern zone was designated

as R-2, and it shall have, for each delivered module of 30.000 m3/day,
a capacity of 10.000 m3, (1/3 of the daily volume. The balance of

the system is guaranteed by a peak reservoir designated as R-3 (cencral

zone) and R-4 and R-5 (northern zone, including beaches).
The reservoir that feeds the southern zone, designated as R-6 will

also have a capacity of 10.000 m3/ for each delivered module of

30.000 m3/day. The balance of the distribution system will be cbtained
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through peak reservoirs R-7 (metallurgical zone), R-8 (Basica) and
R-9 (Nossa Senhora do_ﬁ), the last ones named interconnecting the

gsystems for the impoundment of both superficial and underground waters.
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7.0 PHYSICAL PLAN OF THE WORKS OF THE FIRST STAGE

7.1 GENERAL

‘or the organization of the water supply system, the first stage

includes the following occupations, with their respective requirements:

INDUSTRIAL ZONE ) 72,250
. 3
~ Refinery . 43,200 o™ /day
~ Aluminium 1,200 m3/day
-+Fertilizers 24,000 m3/day
- Cement 3.850 m3/day
-~ Tyres -
ADMINISTRATIVE ZONE 1.520 m3/day
REHTL -RESIDENTIAL ZONES 5,675 m3/day
~ ZR-1 - Nossa Senhora do O 2,230 m3/day
— ZR—~2 - Boasica 2,765 m3/day
- ZR-4 - Praia de Gaibl < 680 mzlday

Thus, the consumption to be faced reaches 80.000 mslday in the first
stage, 2.230 m3/day will be provided by the wells of Nossa Senhora
do 8, and the remaining 77.770 mslday by the Massangana-Ipojuca systemn.

As was seen in the preceding chapters, the regulated capacity of

the planned reservoirs reaches 570.9200 malday, viz.:

Bita Reservoir 36.300 malday
Utinga de Baixo Reservoir 34,600 m3/day
Ipojuca Reservoir . 500.000 o/day
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‘In accordance with the gereral conception of the system (cghapter 6),
the capcities of the Bit and Utinga de Baixo reservoirs will be
totally used before those of the Ijuca resérvoir, the contribution
of which will be a reinforcement, due to its topegraphical situation.
It should be noted that the water from the Ipojuca reservoir is
pumped before it enters the canal, and its cost is therefore higher
that that of the Bita and Utinga de Baixo reservoirs, that flows

by gravity.

The necessary contribution from the Ipojuca in this first stage

is: 77.770 - (36.300 + 34.600) = 6.870 malday.

It should still be noted that in this stage, the consumption planned

for Basica, 2.765 mafday, can be provided at a lower cost by underground
water; this decision depénds upon the result of studies that are

scheduled to start next month.
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7.2 IMPQUNDMENT
7.2.1 SURFACE WATER
The fqllowing are the works for impoundment, in the first stage:

- Bita Reservoir, described in item 4.1.3, able to provide a
regulated flow of 36.300 m3/day

= ° Utinga de Baixo Reservoir, also deseribed in item 4.1.3,

able to provide a regukated flow of 34.600 m;/day.

- Feeder-canal Utinga de Baizo~Bita, for the delivery of

34.600 m3/day (400 l/sec), connecting the inlets of the two reservoirs,

- Feeder canal Ipojuca Bita, delivering the pumped water to

the Bita %eservoir, which it enters by the spillway. The capacity,
at this stage, would be the same through pumping. However, as an
open air, concrete lined canal is concerned, its cost would be only
.slightly affected if it were built for its final capacity (Master
Plan), estimated at 2.5 m3/sec, and this recommends that it should

be dimensioned for this capacity.

The Ipojuca reservoir was not taken into consideration; since it
was studied in the volume dealing With flood control, and was designed
with that object in mind, its use as a water supply source being

therefore a by-product.



7.2.2 UNDERGROUND WATER

Underground water constitutes the source of supply for Nossa Senhora
do 0. The pumping tests carried out at the two existing wells showed
they had sufficient capacity to cover the final consumption of the

first stage, and, actually of the maximum planned occupation.

Assumptions, yet to be confirmed by prospections that are about to
be undertakern, suggest that, for the first stage, two wells with an
identical capacity with thos of Nossa Senhora do O may provide
sufficeiently for the requirements of Boasica. '

The confirmation of this assumption leads to the following worsk:

Drillling, lining and equipment of 2 tubular wells, with estimated
flows of 100 mslhour each, equivalent to 2 x 100 x 16 hours, or
3,200 w/day.

Two elevating stations, for the pumping of the water from the wells,

with an installed power of 50 HP each.

Two elevating mains, for the delivery of the pumped water to the

reservoir, 8 inches in diameter, and an extension of 300 m.

A distribution reservoir, supported, with a 1.000 m3 capacity.
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7.3 TREATMENT

The treatment station shall be dimensioned for a capacity of
3
75.000 m™ /day. The élements that constitute the treatment system

are as follows:

- Feeder Canal from the Bita outlet to the ststicn, with a capacity
of 75.000 m3/day (870 1/sec); for the same reasons as above, the

canal shall be dimensioned for its final capacity of 3.300 1/sec.

5 Floculators

- 5 Separators

10 half filters with a total area of 250 m

Chemical Plant

L}

Installation for cleaning of filters

- Treated water reservoi (R-1)

Disinfection

.

For underground waters, provisions for chlorination are made at

the pumping ststion
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7.4 MAINS AND DISTRIBUTION RESERVOIR

It is assumed that the consumption of the r;finery will be satisfied

by special mains, starting at the treated water reservoir or at an
intermediate stage of treatment. Thus, the distribution to be considered
will be 75.00 less 43.200 = 31.800 m>/day.

The requircments of the areas that will be occupied in the first
stage indicated the need of the following work, for delivery and

rescrve,

ETA mains -~ Refinery, with a capacity for 43.200 m3/day

ETA mains - Reservoir N@ 2, (R-2) with a capacity for
ge 310800 w/day.

- Reservoir N9 2 (R-2), with a capacity for 10.000 m3/day
2 x 5.000 n°)

- Peak Reservoir, N 3 (r-e), with a capacity for 5.000 m3

' : . 3
Peak Reservoir, N & (R-4), with a capacity for 5.000 m



7.5 DISTRIBUTION.

In this stage, the following distribution mains were considered:
”

.

- Working distribution ring, interconnecting reservoir R-2
with reservoirs R-3 and R-4, and supplying the industries(minus the

refinery) and the collective harbour.

- Distribution metwork, supplying the camp and th administrative

zone.

- Distribution netwerk for the plannned expansion of Nossa

Senhora do §.
Distribution network for the Boasica residential zone.

Distribution network for the Gaibl residential zone.
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QUANTITATIVES AND ESTIMATED COSTS OF THE lst éT

»

AGE WORKS

7.6,1 BITA RESERVOIR
: VOLUME © VOLUME O
WORK EARTH M STONE M§ COST CRS
DAM I
72.315 3.360 520.858,00
DAM . II 84.087 3.360 565.845,00
. DaM IIIX 7.440 480 55,994 ,00
DaM IV ) 9.915 550 71.760,00
- SPILLWAY 20,250 47.250 | 464.520,00
DISPOSSESSION 172 ha 250,000,00
TOTAL .1.966.987,00
~._7.6.2 UTINGA DE BAIXO RESERVOIR .
\ WORK VOLUME QF |VOLUME QF COST CR$
' EATRH M STONE M3 i
: paM I-A 128.573 2.987 872.537,00
» DaM 2-a © 35.325 ‘ 1.995 260.770,00
DAM 2 11.188 252 75.783,00
CANAL C-1A 23.125 72,844,060
CANAL C~2A 4.910 15.467,00
AUXILIARY DaM 3 1.144 . 7.287,C0
_ AUXILIARY DAM 4 1,160 7.390,60
- AUXYLYARY DAM 5 1,467 ° 9.335,00
" DISPOSSESSION 232 ha 348.000,00
CTOTAL ] 1.669.423,00
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7.6.3

FEEDER CANAL UTINGA DE BAIXO-BITA

HORK VOLUME , VOLUME , | cosT crs
OF EARTH M OF STOME M
CINAL : . 38.351 525 225,885,006
. 7.8,4 IPOJUCA PUMPING STATION
WORK T QUANTITATIVE COST
Pump, Motor, Auxiliaries ‘ 80.000,030
'i;';g.gszu(;;.;':-::':, RS ST Ao 600 m x - 400,00 240.000,C8
GIVILIWORKS 80 m% x 2.000,00 160.€00,50
TOTAL 480,660,060
'7,6,5 FEEDER CANAL IPOJUCA-BITR, -
. WORK QUANTITY UNIT COST TOTAL COST
CANAL © 6,000 m - 150,00 $06G.060C,00
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7.6.6 IMPOUNDMENT WELLS, PUMPING STATION, ELEVATION

MAINS 2AND BOASICA RESERVOIR

' WORK J QUANTITATIVE

COST
i'Wells (ao'm) 2 637.064,00
Pumping Station . 2 x 50 up 611,400,060
2 x 3000 m ~ ¢ 200ma | 1.381.764,00
Reservoir (r-7) 2 % 500 m° 474.600,00
3.1045.828,00
7.6.7 SUB~TOTAL, IMPOUDMENT ITEM
'‘BITA RESERVOIR 1.966,987,00
" UTINGA DE BAIXO RESERVOIR © 1.669.423,00
FEEDER CANAL UTINGA DE BAIXO-BITA 225.805,00
., IPOJUCA PUMPING STATION £80.000,00
DELIVERY CANAL IPOJUCA-BITA $00.000,00
IMPOUNDMENT WELLS 3.104.828,00
SUB-TOTAL 8.347.043,00 .
7.6,8 ' TREATMENT STATION (ETA), INCLUDING BITA-ETA FEEDER
CANAL e i, e e e,
WORK QUANTITATIVE COST

¢+ Treatment Station Capacity 75.000 m3/day

" 6.125.8112,00
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7.6.6 IMPOUNDMENT WELLS, PUMPING STATION, ELEVATION
MAINS AND ROASICA RESERVOIR

' WORK

QUANTITATIVE COsST
i Wells (80 m) 2 637.064,00
Pumping Station 2 x 50 Hp 611.400,00

Rescervolr (r-7)

2 x 3000 m - ¢ 200mm
3

2 % 500 m

1.381.764,00
474.600,00

-

3.104,8282,00

7.6.7 SUB-TOTAL. TMPOUDMENT ITEM

'BITA RESERVOIR
UTINGA DE BATXO RESERVOIR

L

FEEDER CANAL UTINGA DE BAIXO-BITA

. IPOJUCA PUMPING STATICN
DELIVERY CANAL IPOJUCA-BITA

L

IMPOUNDMENT WELLS

SUB~TOTAL 8.347.043,00
7.6.8 TREATMENT STATION (ETA), INCLUDING BITA-ETA FEEDER
L CaNAL :
WORK QUANTITATIVE COST

1.966.587,00
1.668.422,0560

225.805,00 -

480.00G,00
500.000,60

3.104.82E,00

Treatment Station

Capacity 75.000 m3/day

©6.125.811,00
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.7.6.9 ' MAINS ETA-REFINERY

WORK QUANTITATIVE CoST
Mains ' 4,500 m g 600 mn 4.485.205,00
7.6,10 | MAINS ETA - RESERVOIR N9 2 (R-2)
WORK QUANTITATIVE COST
Mains 4,500 m ¢ 550 ma 3.961.850,00
- . " N F/'
7.6,11 RESERVOIR N@ 2 (R-2)
11 R ]
WORK QUANTI TATIVE COST.
Reservoir ‘ cap, 2 x 5.000 i’ 4.647.404,00

7.6,12 PEAK RESERVOIR (r—3 and B~4)

_WORK QUANTITATIVE COST
3 A
cap. 5.000. m" asch 4.647.404,00
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..+ RESERVOIR N@ 2 (R-2)

. : 7:6;13

.i MAINS ETA-REFINERY,
_MAINS ETA~RESERVOIR N9 2 (R-2),

_SUB-TOTAL MAINS AND RESERVOIR

L

PEAK RESERVOIR (R-3 and R-4)

4.489.205,00
3.961.850,00
4.647.404,00
4.647.404,00

17.745.903,00

SUB~-TOTAL .
7.6, 7 DISTRIBUTION RING
VIORK QUANTITATIVE COST
Distribution Line | 11.600 m - ¢ 450 7.611.572,00
Distribution Line 800 m ~-'g 600 798,000,00

.

8.405.572,0¢

7.6.15 DISTRIBUTION

- g,

NETWORK - CAMP AND ADMINISTRATIVE ZONE

e,

-

WORK

5w

COST

- Distribution networH

- .
- T

QUANTITATIVE

7.500 m x 162

-

1,215.00C,00

7.6,16

L]

DISTRIBUTION NETWORK ~ NOSSA SFNHORA DO O

WORK

QUANTITATIVE

CosT

Pistribution network:-

- -
TP AT LAy, -

¥

12.000 x 162,00

1.944.0€0,00

w-6.7/12

e s - P P 8 B = s



- Al : T -
. LI re . - el .,

7.6,17 BOASICA DISTRIBUTION NETWORK

-
ey -
o s Nl
- irmred =

= —

NOSSA SEMHORA DO G
BOASICA
_ GAIBO .

SUR-TOTAL |

CIV-6.7/13

— WORK — QUANTTTATIVE CosT
.+ Distribution
- Network 2,000 x X7 x 130,00 4.420.000,00
7.6.18 GAIBC DISTRIBUTION NETWORK
WORK 'QUANTITATIVE COST
Trunk Line . . 6.500 m x 270,00
. 1.657.000,60
‘ Branches 1.000 m x 162,00
- 7.6,15 SUB-TOTAL — DISTRIBUTION
DISTRIBUTION RING 8.402.572,60
CAMP AND ADMINISTRATION ZONE 1.215.0600,00

1.944.000,00
'4,420.000,00

~1.657.000,00

17.645.572,G60



7.6.20 GRAND TOTAL

IMPOUNDMENT 8.347.043,00
TREATMENT 6.125.811,00
MAINS AND RESERVOIRS 17.745.903,00
DISTRIBUTION OF THE SYSTEM 17.645.572,00
GRAND TOTAL 49,864.,329,00

iv-6.7/14
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