Th_e Study on WWater Resonrces Development in the  State of Sergipe, Brazil

1.8 Implementatlon of Prlorlty Pro;eets SRR

181 Water Resources Devetopment Plan - AR - _ 7
- Of the water resources development pro_|eets proposed in the Master Plan the prlortty
pro_|ects as shown in l“'tble l 19 are selected accordmg to the f'ollowlng enterla R

1) Pro;eets: | requmng urgent nnplementauon due to great water shortage
2)  Projects: developlng large amount of water and serving lngher populattons
3) - Projects: reqturmg longer perrods for study and desmg :

Tablc-l 19 Prror1t3 l’roteets

Classdieatton TN ) ‘ s Project -

< lntegrated Water Supply Projeets > - Project L\pansmn of Sao Francisco Pipeline System (on- gomg)
. : ~oae s |- Aracaju Well Development Project {on-going) :
< Project Expansion of Agreste Pipeling System (PROAGUA) . :
- Project Expansion of Piauitinga Pipeline System (PROAGUA) L
- Xingo Dant Pipetine Project (multi-purpose project) T
- Vaza Barris Dam Peoject (niulti-puipose project)
|- Project Expansion of Itabaianinha Pipetine System

| < Independent Water Supply Projects > |- Neopolis Water Supply Project (Direet Intake from Sao I-rancrsco Rner)
: ©oo- . 0 |- Riachuelo Water Supply Project (Weir and Deep Wells)

-1 - Rosario Do Catete Water Supply Project (Weir and Deep Wetls)

- Estancia Water Supply Project (Weirs and Deep Wells) -

o I L s - |- ltaporanga d’Ajuda Water Supply Project (Weirs) - : ]
< Small Rural Water Supply Project > | - Small Rural Water Supply Project in Semi-arid and Agn.ste Regton (PROAGUA)
< Imigation Water Supply Projects> . | - Jacare-Curituba Irrigation Project (on- gotng) B
oD | Tacarecica T drvigation Project (on-going) :

- Sao Francisco lrngatton Project {multi- purpos» pro]ect)

- Vaza Bams lmgatton Ptoject (maltt purpo&. pto;ect)

Lxcept on- gomg and exrstmg planned proteets Xmgo Dam Prpelme PI’O_]CCt and Va7a
. Barris Dam Project, proposed as a multi- purpose project, should have lngh prtorlty_
: Feasrblllty study of these pro;ects should be eommence at an early stage f

l 8 2 Water Resourees Management Plans h

5 (l) Instltutional Plans ," .

l"undamental programs are establlslnng grantmg system of water rlghts ancl realwmg publle '
participation. Then, highest priority should be placed on orgamzatton set-up of ph'tse 1,
~ which includes strengthemng SRH- for the. preparation of water rlght granting’ and
~introduction of public partlelpauon in water Tesources management To establish the -
_basic rules for charging on use: of water resources and cost alloeatron of multr~purpose
'would have the next prrorrty i AR T -

(2) Water Resources Management Programs o

‘_Enhancement of hydrological assessment and elassrﬁcahon of waters are fundamental
programs.  On the base of these two programs, effective programs and projects for water

_resources development mmagement and conservatlon ean be lmplemented These two v

'programs should have the hlghest prlorlty

i(3) Operatlon and Mamtenanee Plan :

Customers of municipal water services are paymg to meﬂlelent management lt is urgent s R
-to improve the efficiency of mumcrpal water supply. - To establlsh bas1e rules for the

_ '_management of rural water services should also have htgh prlonty

ar
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19 Recommendations "

a Imple_r_ncntat'ion' of the Water Rcsources Development Plan -

The Master Plan - proposes waler resources development - pro;ccts mamly for
domestic/industrial and agricultural water supply, to meet the future water demand
estimated on the basis' of long- tcrm socio-economic framework. - - As a regional
development framework, “strategic sccmrlo of which the policy is decentralization of
GRDP and population from Aracaju to exierior cities, was adopted, instead of “trend

scenarjo” followmg the present trend of socio-economic dcvdopment Thc followmg |
pl‘O_]CClS were proposed in the Master Plan for the target year of 202(: S

= Ten (10) Projects of lntegrated Water Supply for Urban and L‘rrge Rural Arcas

. = Thirly-five (35) PrOJects of Independent Water Supply for Urban and Larbe
" Rural Areas - - .

"~ Deep Wells Development Pl‘O_]CCt for Small Rural Areas of 75 mumelpahtles i
T Erght %) Pro;ects for lrrlgatron Water Development o

Smce the fundamental frame on water resources development namely “Water Resources
' Master Plan in the State of Sergipe” has been formulated, the next step should be the
_1mplernentatlon of thesé projects according to their priority, in order to attain better ltvlng '
standards for the State peoples and the stable state economic development. - Lxeept on-
going projects, Xingo Dam Muiti- -purpose Plpelme Projects and Vaza Barris Multi-purpose
Dam Project should be commenced as soon as possible. Besides, although small rural
i prOJects present low economic feasibility, posrtrve 1mplementatron is recommended for the
' mlnorlty suffermg from severe drought : - -

) , Rewew of Water Resources Master Plan

Proposed water resources development plan rs formulatcd bascd on the pro_|ccted
population and GRDP increases, for 20 years towards  2020. Socio-economic
. ‘development plans are normally formulatcd every five years with prolectlons of populatlon _
" and target economic growth Water resources development plan should also be revre\ved
e every ﬂve years 1f necessary, based on these revrsed proleeuons : :

- Water supply to Aracaju Clty wluch is the poltttcal cconomic and cultural center of the
_ State, is estimated to require a large volume of water to be conveycd over a long distance,
130 km from Sao Francisco River. - The project for Araeaju is estimated to cost R$ 285
million or 29% of the whole cost of water development projcct in the State. = As the
Mastcr Plan assumes “strategic scenario”, the strong state direction is inevitable to realize _
the decentrahzatlon In'the viewpoint of the above, future GRDP and populatlon might be
vaned and the review of the Master Plan is essentral for sustamable water rcsources'
B development and management o :

: When revrsmg the Master Plan sccurtty level of ex1stmg water supply is necessary to be
, evaluatcd usmg the hydrologrcal data that wrll be contmuously observed archtved and .
o processed SR : : :

| (3). Fmancmg of thc Pro_;ect Cost . S
" In the Master Pian total mltral mvestment for all 54 pmJeets amounts to R$ 1 370 mllhon_ '

e (equwalent to US$ 1, 160 mitlion at the exehange rate of August 1998).

S U Summary
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The initial investment cost for 46 projects of Domestic and Industrial Water Supply S)’Slelll- '
amounts to R$ 950 million, of which R$ 660 million or 70 % of initial investment cost
~ concentrates in the first decade. - The state budget is considered as the principal source of

funds for the initial investment, which would be R$ 390 million i m the ﬁrst dccadc and

R$ 510 million in the second decade. - In case that the cconomic growth as set in thc plan -
would be altained, this required mvcslmcnl will possnbly be arranged by the state.  Public
entitics are assumed to share the financial burden of 10 % of the initial investment.
Consequently, an amount of R$ 210 million should be raiscd from a soft loan in the first =
decade.  However, initial investment in the second dccade could be covered entlrely by -
{hcstatcbudget Coe : Lo o SR

As for the elght (8) 1rngatmn \\ater supply pr(:]ecls in lhe Masler Plan {olal mmal '
mves{mem cost amounts to R$ 430 million.” These ﬁmds should be covcrcd by the
government, consndermg lhc svc of mvcslmcnl cosls and financml LOI]dlllOllS of
' agncultural produccrs f

' 4 Contmuous Fffort to Collcchng Hydmmetrlc Data

_l'or lhc furthcr study of ihe plan on water resources development hydromemc dah such as

rainfall, river dlschargc and water quality must be observed at the present waler resources e

dcvelopment points and futurc promlsmg sucs Obscrvcd dah should bc contmuously L
measured archned and pmcessed : ' R ST

. ; Summary -
S 133 SRR
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"CHAPTER2 THE PROJECT OF WATER RESOURCES
- " DEVELOPMENT AND SUPPLY IN VAZA BARRIS
RIVER SERGIPF (PROVABASF) '

2.1 Summary oftheProJect :
: 2.1.1 , Neeessrtyofthe Projeet

(l) - Neeessrty of New Water Resources Development in Vaza Barris River

- Ttabaiana and Lagarto Water Supply arcas (Agreste and Piavitinga Integrated Prpetme
~ Systems) are located in Agreste/Semi-arid arcas and are the sccond and third largest
~ populated arcas in Sergipe State. = These arcas are of poor ground/surface water resources
- polential and have been suﬁormg from water shortage. In order to cope with present
. water shortage and i mereasmg water demand groundwater is not enough in both quantity
~and quality and it costs too ‘much if surface water is ‘conveyed from other river basins
'afﬂuent in water resources Sao brancrsco River for example Vaza Barris River has targe

water resources potentral and is located between the large water-consumed cities of

ltabaiana and Lagarto Therefore, it has been expected to develop the rrver water not only
by beneﬁtmg mumcrpalrtles but also by the state of Sergrpe : - :

3 (2) Refreshmg Ilrgh~ehlone Rrver Water by a Proposed Dam S) stem

~ River water of the main siream has large potentral of water resources but has not beein able
- t6 be utilized as potable and lmgatron water due to high chloric concentration of flow from
_upstream After elaborate mvestlgatlon of river water quallty, however, it was found that
< river flow has. high chloric' concentration only during low flow condition from upstrcam
. and has less chloric concentration during flood time and in the downstream. Consrdermg
such condition of the water qualrty in Vaza Barris Rrver the following reservoir operation
 plan is being established: 1) Low flow from the upstream with high chloric <concentration is
* ! bypassed around the dam to the downstream; 2) River water with less chlorrc concenlration
" "during flood and in the downstream is stored in the dam reservoir. - Introducing such
',reservorr operatlon plan with a new system for river water quality, river water that could
not be utilized before becomes clean and eomes to be utrtrzed as potable and 1rrlgat|on
_—V\Valcr s . . .. - . . - .

NN _:(3) lnsufﬁerent Water Supply

5 ?In the State of Sergrpe in 2020 necessary supply water amount is estrmated to be totally

. .830,000 m*/day including -547,000 m*/day of supply water shortage. Of this water

"_'-Shortage Itabalana and Lagarto Water Supply areas (Agreste and Piaurtmga lntegratcd
_ePrpelme System) are’ short ‘of 129,000 m*/day (equivalent to 24%) of water. The
-~ population of these areas is 259,000 inhabitants in 1996 and is estimated to be 540,000 in

o - 2020 - The lack of adequate water supply is a serious obstacle to the development of the

'S0 mentroned rcglons and creates a mlgratory pressure towards the State capttal worsemng
E even more problems m Aracaju _ ' . .

| "lherefore 1ts mandatory to try to stabthze the water supply for hlgh concentrated_
o ‘population, mdrspensable to boost its ‘social-economical development and to improve the
- quality of life. The positive consequences will spread all over the State, conlribuling to

reduce the regional drfferences and allevratmg the p0pulatron and socral economlc
pressures towards the area of Aracaju, = - L

T Summary
2l o
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. (4) T igatlon Development

l‘ernle tand sultable for irrigation extends around the rlght snde of the planncd dam site.
This area is located between the three largest cities in the State of Sergipe, such as Aracaju,
Itabaiana and Lagarto It means the arca has an advantage being near to large consumer -
cities.  This area, which is presently utilized as orchards and pastures, could be irrigated ¢ to
. increase productivity and the agricultural production is to be supplied to the city areas,

This irrigation pro;ect promotcs 1mprovement of agncultural productrvnt _,' and actlvatron of
regional econony. - : : : :

2 1 2 Objectlves and Components of thc PrOJect

F he Project of Water Resomces Development and Supply in Vaza Barrns Rlver HSerglpe
f (PROVABASB)” is proposed for securing stable life of’ the state people’ through
" ustamable water resourees deveIOpment '{ he objectlves of the pl‘OjeCt are set as, follows

L -:-h' I‘o 1mprove nver water quahty and to develop potable waler resources _
- To supply clean and enough water for the people (hrough public water supply

L= To supply irrigation water to agrleulturatly potentlal land for the aehlevement
- of high productivity. . :

"~ To deVeIop mamtenance water of the river for rlparlan env1ronment

: 'lhe prOJeet components of the facﬂmes are summanzed m Table—2} The target : .

: facnhtrcs of the project components m thls feasﬂnhty study are: . L

Facrhtres of Vaza Bams Multlpurpose Dam - g TR
Water conveyance plpe]mes of domestlclmdustna! water supply facnhtles o

' Table-2 1 Project Component and Faclhtles

Pl’O_]CCl Components o _ TN . Faclhtles Ll

(l) Vaza Barris Multipurpose Dam o

Dam Facihtles SR R - Main Dam & ol oo T -Sp:llway o
SR RIEON -CheckDam(Bypasslntake) -LowFlowBypass

(2) Domestic/Industrial Water Supply Facilities: <Itabaiana Water Supply Area> L
| Water Conveyance Pipeline ~ ~ |- Intake and raw water pump station: - : Pipeline = i 47
Treatment and Distribution Facilities { - Water trealment station . = Distribution p.rpe!me network

@ Domestlellndustnal Water Supply Facilitiesi <Lagarto Water Suppiy Aréa> B

Water Conveyance Prpelme .. .|-Intake and raw water pump stanon _- Plpehne

Treatment and Dtslnbulmn Pacr'h'lies - Waler (reatmenl station 0 0 Drslrtbuhon prpehne nelwork

(4) Irrigation Water Supp{v Facilltles v

Water Conveyance prehne - |- Intake and faw water pump .sfa!.ron - Prpehne ?:. . '

Irrigation Facilites . |- Farmland development i eI Irrigalmn channel
: Not_e Italic parts show the fac1lit|es not mcludmgln this feasublhty study SRS

Co : Sum}nmy
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2.2 Condition of the Project Area

221 | ProlectArea '

- Vaza Barrls Dam and its main appurtcnances are locatcd in main river course of the Vaza
Barris River.  Dam itself is plancd to be set near the border between Lagarto and Campo
do Brito mumctpahty Reservoir formed by the Vaza Barris Dam will extend toward
north- west up to the center of Sao Domingos mumcnpahty The area to be supplied with -
water by the pipeline system extended form the Vaza Barris Dam is nine (9) municipalities, -
these are; Areia Branca, C'mtpo do Brito, Itabatana, Macambtra ?ao Dommgos Poco
' Vcrde Slmao Dlas Lagatto and Rlachao do Dantas : :

: 2 2 2 Socm Economy

_ (l) Whole Area of Vaza Barrts Rlver Basm

'_Vaza Bams River hydrologlcal basin is located in both states Bahla State (nse) and .

- Sergipe (mouth) Statc and has a total area of 16,229 km?, of which the Bahia State owns -

- an area of 13,670 kin? or 84% of total area. ~ The total populatlon in the Vaza Barris river © -
~ basin a:ea both in the Bahia State and the Sergipe ‘State ran up to 382,000 in the 1991 '
- census. The population of the Bahia Statc was estimated at 240,000. - However, the
“population density (persons/km?) was 17.6 that was lower compared with 55.5 of the
Scrgipe State because of the typical semi-arid climate in the region, On the other hand,

~ the population’ density of the Sergipe State is higher than of the Bahia State due to the 2nd )

- and 3rd largest cities of the state such as Lagarto and Itabatana locatmg m the area Do
7 .-'("2) PrOJectArea PR S '. R e
" - The project area contains - nine (9) mumcnpahtles The 'pbpulat_iqn s'merRDP ar‘e

‘_summanzed1nTable~22 23and24,_ S LV SUNT S LI AN O I TR R

Thc populatlon of the prolect arca was 0 26 mtillon in the 1996 census or 16% of the state

popu!atton The populatton of the project area in 2020 was projected at 0.54 million.” . In -

- : conscquence the annual growth rate of the area between 1996 and 2020 results in 3.1%
_' ‘that is larger than the state annual growth rate of 2. 3% during thc same perlod '

GRDP of the pro;ect area was R$0 43 blllion in 1995 or 9.1% of the State and is cslimated -
- to mcrease at an amount of R$1.85 billion in 2020 or 12.3%. The growth rate of the -
. project area during the period between 1995 and 2020 is 6.0% that is larger than 5.0% of -
the state during the same period. © GRDP per caplta of the project area was R$1,820 in

' 1998 or:59% of the state’s level and is estimated to inérease at R$3,430 in 2020 or 64% of -

© the sfate’s-tevel. ~Thus, the reglonal dispar;ty could mmgqte and the pcoplc llVCS would e
_ get cioser to the natlonai level for thls pertod i _ :

I‘able—22 .' P'opulation R A ST
; L ", Unit: 1000 persons -

Census | A Projechou- T T Growth %

i Reglon -2 e g "1993 12000 2010 2020 1996f2020
Brazil * - = | 157,080 | “161.070 165715' {184,157 | 200,306 - 1.0 -
Sergipe - | - 1,624 | 1,684 - |: 1,750 | 2163 | . 2,798 .| 23 .
Project Atea | .-259 | .- 268 -278 ) & 394 b 539 S e
By River Basin v 0 Tl e o N RS
Sergipe | 7 |- - 16 | &l | - 149 ST
VazaBarris |- 871 59 < lover e oo o o9 20
Piaui - |- o110 |0 112 | o150 ] - 149 | 0% ) 23
Real =~ - | = 21 I T R N A e e A
" Summary
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* Table23  GRDPat 1998 Constant Prices = . : .
o ' - ' ~_Unit: RS billion

o - Actual - Projection co o Growth %

 Region . 171095 1998 2000 2010 | 2020 - | 199572020,
Brazil - -~ 79939 912.21 1,005.71 - 'l,453.30 1,860.35 34 -
Sergipe o 443 503 | 5.6 972 1502 | 50
Project Area ] 043 : 049 : 053 096 185' 60

'lable-2 4 Pel Caplta GRDP at 1998 Constant Prlce el
: . . : - " Unit:RS$
Region Actual I Project:on R ~ | Growth %

: : - 1995 - 1998 2000 2010 - 2020 - 199512020
Brazil - 5,160 5,660 ~ 6,070 - 7,890 | 9290 | - 24
Sergipe 2,770 3,050 - 3,230 F 4260 -} 5400 o 0 27
Project Atea = . l 820 ] 1910 -} T'2420 | 3430 - 29
By River Basin -~ .70 oo R T R i R S L R S A TR T s

Sergipe . | .— . i T es0 e | 750 |- 28 .
VazaBamis | -7 — . 0 1,560 - | - 1,630 -] 2,150 -} 3,070 - | © 33 .
Piani 0 ] e = C 2,790 ] 3,000 4,170 - | 8970 .35
Real = - -~ et J450 ] o460 | 460 450 | 00

: l\ote Gro“th rate of pwJect area and siver basm is 1998.’2020

: _223 Natural Condltlon o th

: (1) Cllmate and Hydrologlcal Charactenstlcs e il
.~ The Vaza Bams river basm (16 229 km ) lles in both of Bahla and Serglpe state 84% of
~the total area lies in the state of Bahia occupymg interfor part, on the other hand 16% of the

total area lies in the state of Sergipe occupying the coastal part. The climate varies w1dely R

across the river basin from the tropical humid Leste reglon at the coast through the dricr
intermediate Agrcstc region of stat¢ of Sergipe, to' the semi- -arid interior and fmélly to the
- arid regions of state of Bahia. - Average temperatures vary from 25 °C in'the most
~ downsiream around the coast {0 23 °C in the most upstream interior. - Evaporatlon 15 also
: varymg from 1 200mm at the coast {0 SOOmm in the arld mtenor TS T R S PR

Va?a Bams basin clearly can be dmded mto two reglons Namely, the humid /seml -
* humid reglon with rainfall between 1800mm and 800mm per year, and the semi- arld ! arid
interior with rainfall of betwccn 800mm and SOOmm per year. . The majority of the Vaza

Barris River basin within Sergipe State belong to the humid /semi ~humid region. . Wlthm 1 -
- the Vaza Barris River basin in Serg;pe State, there are five rainfall gauges. -In can be seen
~ that highest average annual rainfall is over 1500 mmlyear for the stations at Fazencla Belem

- located at the most downstream of the five gauges, on the other hand, the lowest i is less -

than 800 mm/year for Carira in the semi- -arid mterlor near to the border with Bahia State o

~ Itcan be seen that the year is clearly divided into a ramy winter season (April to July) and a

‘dry sumimer scason (OCtober to January) in Serglpe Probable annual ramfall at Fazenda |

| Bclem nearest to thc dam site of these ﬁve gauges is as follows, A

lO-year _retum penod _' B 072mm(mm) ,f 2 OO’Imm(max ).

. SOyearreturnperiod i 790mm(min), - 2,289mm(max) .

- 100-year return period =~ :  690mm(min.), . :2 3897mm(max):_'

C Summary
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ydrology | |
Vaza Barris River origmatcs in the numlclpallly of Uaua in the State of Bahia.” It has a
- total length of around 410km, of which only lZSkm lics in the State of Sergipe - Vaza

* Barris River has the total basin area of 16, 229km of which only 2,559km’ or 16% lics in

the State of Sergipe making up 11.6% of the state arca(22, 050km?). - Though the majority
“of Vaza Barris River lies in Bahia state, the discharge in Bahia is intermittent and it is only
- within Sergrpe State that Vaza Barris River becomes a perennial river. = There are four (4)
flowing-gauging stations within the whole Vaza Barris River basin, two stations{from
'upslream Agua Branca and Jcremoabo) at upstream in Bahla and two sta{lons(from
upstream; Ponte SE-302 and Fazenda Belem)at downstream in Sergrpe The average flow
of these four stations are 0. 95m>/s(Agua Branca), 2.91 m’/s (Jeremoabo), 4.19 m*/s (Ponte -
-~ SE-302) and 11.86 m3/s (Fazenda Belem) respectively.” Provable flood d1scharge at
- Fazenda Relem near the Vaza Barris Dam site, was studied presenting 536m’s (10-year),
- 976m’ /s (50- year) 1,21 1m3ls (100 year) 2, 198m /s (1000 year) and 3 588111313 (10 000-

o year)

L (2) TOpographv and Geology

" Vaza Barris Rlver basm lies in tablelands of peneplam m Serglpe State and Bahla State
- Within Serglpe State, the elevation of the basin is no more than 160m in the middle-stream

~and 200m in upper stream with higher remained hills of not more than 400m in height.
' Vaza Barris river and its trlbutaries cut down the tablelands forming steep valleys. . Vaza -

| " Barris river flows from the north-west to south- west, which corresponds with the dll‘CCllOH
. of large scale geologlcal structural line, which affected lhe direction of Vaza Barris river

-course. - The river course of Vaw Barris has remarkable bends in many places along the
mrer course of whlch dlrectlon are domlnated by lhe dlrectlon of faults of geologlcal age. :

Wlthm the Serglpe State the geology of Vaza Bams basm consnsts of I)Pre-Cambnan rock.

 forming  the geological bascraent of. the region, 2)Tertiary covering the basemenl

“3)Alluvial sediments’ distributed along the rivers. The Pre-Cambrian rock consists of
‘many type of rocks ‘such as phyllite, sandstone, limestone, schist, gneiss, quarizite. These
tocks are slightly weathered on the superficial part of the ground Pre-Cambrian rocks -
i :outcrop on the surface of the ground in the mlddle-slream and up- slream of the basin but
~are -overlaid by the - ’lertlary in" the down-stream. = The Tertiary consists - of

: .unconsolrdated/consol1datecl silt, sand and gravel ~Alluvial sediment is depos:led forming
© . ‘teiraces at both of the river bank of less than 10m in height from the river floor, which

© consists of soft snlt and loose sand The wndlh of the terraces is closely related to the

o : ;wndth of the valleys

L ;_;(3) Water Quallty

. In the parameters that were observed in Vaza Bams Rwer (,hlorme (Cl) concentratlon is
high and critical for potable water, as well as Electrlc Conductivity (EC), Sodium (Na),

. ;Magnesmm (Mg), Calcium (Ca), Carbonic Acid (HCO3) and pH Value (pH) are important
i+ for irrigation plarmmg The relationship belween river flow and the said water quality
e ,.‘"parameters, as well as the correlation between EC and Na/Mg/Ca/Cl were cstablished at

Ponte SE-302 and Fazenda Belem. - These results eharaetenze water quallty in Vaza

L "Bams Rlver as follows

1) ~The parameters of Cl EC Na, Mg and Ca haVe relatlonshlp wnth rlver ﬂow '_
B presentmg less concentration whlle the larger river ﬂow G e

ST Summary
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2) E It is found that HCO; and pH have no relatronslnp wrth river ﬂow

3) . Inthe vrewpomt of long watercourse of Vaza Barris River.as well as settmg the

bypass system, the agrotoxres effects on the future rescrvorr would be practrca!ly

) I The trophlc level predleted for Vaza Bams Dam reservon' would correspond to the

' : range of ollgotrophle stage. T his simulated trophic category would not constrtute
- any problems to multlple use of future Vaza Bams Dam reservorr '

__ 2 2 4 Current Water Use |

_ Current water use. pomts in Vam Bams Rlver concemmg wrth water mtakc on: .
: mdustry/munlclpallrmgatlon water are located in the tnbutarles of Vaza Barrrs Rwer not
in ihe mam stream SR il o SR

23 _ Water Demand and Water Supply Plan . |
. 2 3 1. Domestle and Industnal Water S“Ppl) Plan RN

_ [hrs project Water Resources Development and Supply in Vaza Barns RWer = Sergrpe is
planned to supply Water to Itabaiana and Lagarto ‘Water Supply areas.  Water demand and E
shortage condmons in these areas in the year of 2020 are deserrbed in Table 2: 5 7 ‘

Table-2 5 Water Demand and Shortage in 2020

T ltabarana Water. | - Lagarto Water' | = i oo
] ltems ‘ ‘ Supply Area Supply Area. | - "}‘otal_

Water Demand (m’lday) L e e T
Private-tap Systéem ~ -~ = 0 oo 0 0 61, 545 - 88411 | . 155956
<Industrial Water =~ © . oo o I T on9gg | 57518 | 79814
- Domestic Water: Urban Area w0 " o 40467 - | - 24427 U v 64,894
- Domestic Water: Largé Rural Aréa .- : - ] 5 0 4782 il 646600 11,248 -
Public-tap System (Small Rural Area) Lo s G196 s 1,617 | e 2,813 L
Total L : S 68,ML T- 90,028 L 158,769 -
NecessarySnpplyWater(m’lday) e e
Private Industrial Water ~ -~ -~ e R IR 21,939 | 38,887
Private-tap System . = - .0 oo o) 0 94986 | T 79664 | e 153,950
+ Industrial Water- = . Coaare oo 4864 0 | 039,704 - . 54,568
- Domestic Water: Urban Area - | .- 53957 | -0 32570 0] . 86527 -
- Domestic Water: Large Rural Area -~~~ | " - - 5465 = | ~~ 1 7,390 | - 12,855
Public-tap System (Small Rural Al‘ea)" TR 07 T 1497 ] T 2604
Total (Except self-supplied ind.} 75393 0 1 '_8] 161-"-"‘=' S 56,5584
Current Water Supply Capacity (m’!day) BT S DT i
Private-tap System (Urban & Large Rural Area) S 12,810 12 130-:?; oo 24,9400
Public-tap System (Small Rural Area) o - 150 - Rty 7 2 I R v A I
Total - = - peile o "-"-".:"12960 ""-42,355 iR BN 25 315 I
SupplyWaterShortage (m’fday) Lol TN B R S PP it
Private-tap System (Urban &Large Rura! Area) A 6l 4’]6 ol 00534 - ]29 010.
Pubhc-tap System (Smalt Rurat Area) sl o esT ) 1,272 2,229
Total B 362 433:-‘"’: L 68 806'”"' ]31 239’""

To settle the water supply shortage deserlbed table above, tWO pro;ects namely 1) Pro_|eet of BRI

- Walter Resources Development and Supply in Vaza Barris River- Sérgipe, 2) bxpansron L
_ project proposed to PROAGUA ate being proposed. - The water supply plan for urban and i
'- large rural area of the project area is shown in Table-2 6 s -

R
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Table-2.6 Vl)_omesti.c andrlnd’ust_rial Water Supply in Agreste and Piauitinga Areas

: T AR - Agreste Integrated Piauitinga Integrated !
- AreaCovered -~ ~" | ' Pipeline System - Pipeline System Total Sup P ly S
T R (m’/day) (ws) | (m¥iday) | (m's) (m3/day) -(m’/s)
Water amounf necessary to ' A aaces 1 aans _ '
b supplicd in 2020 74286 | 0860 | 79664 | 0922 | 153950 | 1782
Present Capacity - | 12,810 | 0148 | 12,130 | o041 | 24910 - 0289
Expansion project to  be N o . T
_mo:_)posed to PROAGUA 22,200 0.2_57 ‘30,2_00 7 0349 _ 52,400 0.606
Required del'el_"p’.“‘*"‘ water 39,276 0.455 | 37334 | 02 76,610 0887
amount in lhlS pro_;ect . S : : .

Other than urban and large rural area, publle water supply system by deep wells is proposed _
and for smal! rural area. BeSIdes private industrial water, which is supplled not through -
- public water supply system, is assumed thal mdrvrdual factortes will develop water through ‘
groundwater development : T

23, 2 .. Irrlgatron Water Supply Plan :

- Concermng 1rr|gatron plan related to lhe Vaza Barns Dam pIOJBCl 1t is not mcluded in the'
- JICA Study (Study on Vaza Barris Dam Project), then SEPLANTEC conducted pre- -
~ feasibility study for it. Proposed site for the Vaza Barris Irrigation Project is located on
. the right bank of Vaza Barris River in Lagarto mumerpallty The site expands to Sape :
town in the east Jempapo town in the norih and Brasilia town in the west with the total
~ imigation area 'of 4,519 ha, Sorl in the site is c'rtegon?ed mainly Yellow Podzolrc Soil -
- which has the potentral for mlgatlon with high soil ferttllty " Considering current land-use
3 (agneultural fand in full) and scale of farmers, the project consists of 6 types in terms of E

~area as shown in Table-2 7. Recommended crops were deterniined through - the
* agricultural market analysrs in order to select the most profitable crops for the lntemal :

market. Asa result vegetable and fruit cultures are recommended Arca of each type,
recommended crops and rmgatron methods dependmg on crops are summarrzed in. [‘ ablc.-
2. 7 S _ . _ _ S 3

. Table-27 Irrlgatlon Models -

| Model| - " Culture - |Lot Areaj Lot Number Total Area | lrngatron Method
b S T (ha) Do (ha) s -
A [Vegetables - ¢ | - -3 1. 268 804 - - Convenuonal Sprmklmg Lo
| Vegetables, Papaya RIS I BTSSR o+ ¢ |Conventional Sprinkling for Vegetables
B1 5 113 565
-~ - |Lemon s : e and Mrero-sprmklmg forFrult
= | Acerola, Papaya S T e ST T -
B2 Leon - . S5 98 : 490 Mlcro spnnklmg
- . |Orange, Lemon R SUEEE IS : T TR
~C  |Pineapple, Passron 10 C 148 1,480 - Nél-cm sprmkllmsg, ?x‘fsp t Pineapple
Rt S (Conventiona prin ing)
... |Orange, Tangerme . B T IV N
: PV : - | Micro-sprinkling, ¢xcept Pineapple
D Rmeapp le, A:cero‘la L2024 e R0 (Con\ferﬁional Sgpri'nkllﬁg) pP
'Q_PasswnFrurt: 3 ISR BT T R _
Orange,Tangerme' ERU I Rt R T LA
co o o o a e FMicro-sprinkling, except Pineapple -
+ E " [Pineapple, Acerola 50 -l 3--'-'14. L 700 - (Conuerllional Sgprinkligg) ' PP o
- . {Passion Fruit: o AT ELRNELIS S I SRR TR TRN At e et it e ok - AN N
Total Irigation Area of Project (ha) 665 4, 5]9

B Source SPPLANTEC “Pre- Peasrblhly Study of Vaza Baris Irngatron Pro_leeUSerglpe Volumel Ill’ 1999

- -'S“_”’_’”f"y
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. Source Watcr Requlrement for rcfcrcnce crop above was ealculatcd by month and shown in
Table-2.8. In the calculation, application efficiencies of conventional sprinkling and
micro sprinkling were assumed to be 70 % and 85 %, respectively, while distribution and

) conveyancc ‘efficiencics were assumed to be 90 %.  As shown in Table-2.8, the maximum
project water requirement is 2,912 m¥/s in January. All the water reqmred for lhIS
lmg'mon project is planned to be taken from the Vaza Bams dam

Table-2.8 ' Source Water Reqmrement of Vaza Barrls Irngatlon Pro;eet -

: o . : L : : ; - Unit: m Is
Month Jan Feb | Mar | Apr May Jun Jul Aug | Sep | Oct | Nov Dec
Water ' . R C . e S IO U B
Requirement 29|2 2469 | 2.022 07I7 0273 0.000 | 0.033 0542 1.344 | 2.484 | 2. 463 2.820
- | atintake - o
- Source SEPLANT[‘C “Pre Peasrbrhly Sludy ol‘Va_za Barns lrngatwn Pro_leeUSergtpe, Volumel lll” 1999 5

24 Water Resources Det?elopmeht Plan
241 Crrterra of Plan and Desrgn o

<Newly Developed Water Amount> : v : PR 3
Water Amount newly developed by Vaza Bams Dant is as folloWs CEAE o

"= Domeéstic and Industrial Watcr T 0887mYs R
. Imgatlon Water R 2912 m/s (1.507m Is on AVerage)

CWotal: o 3799m3/s(2394m /sonAverage) e

' 4< Compensatlon Dlscharge >

_ The compensatron dlscharge QCM could be deﬁned as the d]Seharge necessary to
- maintain the normal function of a river, and ¢onsists of maintenance dlscharge and water- -
* use discharge. - Maintenance dischatge has been stipulated to maintain river function even -
at the times of low flow, and water-use discharge is the flow necessary for the exclusive
~use of the river water at all points downstream ~As no water use in the downstream of the -

dam site, compensatlon discharge was sét as the 100% of the 10 year retum perlod 7- day' P

~flow (Q7 10) namely 0.44 m3ls at the dam sm, : :' 5

k < Reservmr Rehabr!lty (Securrty Level of Water Supply) >

'Low ﬂow securtty in the plan has been sel to ensure the mtake of newly devcloped_‘ o

3 dnscharge even in the worst drought in ten years for domestlelmdustrlal and 1mgat10n water
supply : . . : S

' i< Desngn Dlscharges >

According to the “Crltena of C1v1l Desrgn of Hydro electnc Plant 1994 May, Prelimmary' o
Edition, CEMIG (Energy Company of Minas Gerais)”, design flood dlseharge of adam is -
sct as the probable maximum discharge. As the other design dlscharges are not deﬁned m SR

- the cnterla mentroned above the Japanese standard for dam desrgn are referred

 Summary
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242 Rcscrvon Opemtlon Plan

_ (1) '_ Conccpt of Rcsc: vo:r Opent:on P!an ofV'\'m B‘III‘IS Dam .

T he prcposcd dam Vaza Barris Dam has the funchons of not only “Stormg Watcr but
“also “Improvement of Reservoir Water”. To improve reservoir water quality, a new

- system of a low flow bypass was introduced into reservoir operation plan of Vaza Barris

* Dam, considering water quality behavior that river flow has high chloric concentration only

~ during low flow condition but not during flood (Refer to Figure-2.1). * On dam reservoir
'operallon then, high saline concentration water is bypassed around the dam reservoir and

' clean or low chlorlc concenlrﬂuon watcr is stored in the dam rcservoxr as shown in F 1gurc-

'_9090 I R 10 U= -'ﬂfj’&_j_ it
e ] pomeseam B e TSl bE sl oneseie
o e T ]|l —asson
e S HH PN R =06334
N - R'=0677 SN 4 TR ‘ -
A ey TR s T
S U & I e P
B e iy 5 | IR
B - i 1, ) : ’-_.<~;_ A - o i b S % -11 b T 8
a3 ] i ___rr__;d_ L o i N
i Fazenda Belem I \\*\ i [ Z[] Fazenda Bekm [T fl\ mil
S B il vl ’
= asas NI [ oI
-5 rRP=o08159 - |l'-' il R =0.7373 f ,u \'1
—{4 ' B R LR e ) 7 |; it I Jit I
T y {Cl,Con’cenlratiOn R i |chldc(‘onduclivi(y EC)
10 b4 L mw Uil g | s rrpm—rrm ol
001 1o 1001001000 001 - 01 110 100 1000

; Disch'ar’ge(m’ls): A .- Discharge (m'/s) |

- Figuré-i.Il Réfaﬁohship liquvegﬁ CUEC and River Flow

" River W_atef /

' LO\‘V'.Flow Bypasé (lm;-)'r'dﬂ'e'méh't bf Res‘e'n;oir Walér)

Sedimentation

D Redeivoir
- (Storing Water)

.'rCh_éck Dam / Intake b_am '
Vaza L

Flgure-22 ;Maih Fuhbti_dh '671‘ Vaza Baiﬁ_*is D:am ', P

Summary
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(2) Reservon Opcrﬂnon Modcl

llydrologlcal reference points were set al thc chcck dam and lhc main dam lhcsc (Imiy
discharge is calculated by following equations, bascd on the dlsclnrge at l’ontc SE-302
(Qesg) and Fazenda Belem (Qgp), mtroducmg “Runoff Contrlbullon Factors” sel
considering the basin arcas, the basin mcan ramf’ﬂls and the run()ff rates of ihe b'lsms '
bctween Ponte SE- 302 'md Fuenda Bclcm : ‘ : S N

Q( hefkf]a*rl i QP‘.'- + 0 24 (Q!B QPW- ) .. Q!\fdm)')u*n - Q(heckl}um + 0 54 (Q}-B Q,f Y )

Water Quahty Model of reservoir opcr'mon sunulatlon is formuhtcd as shown in I'lgurc- :
2.3 and Table-2.9. ~ River water quality of Sodium (Na), Magncsium (Mg) and Catcium
(Ca) could be csumatcd applymg the corrclatlon eqmtmns to EC, of which equahons were
formulated based on lhe w'uer quallty obscrvatlon data al Ponte SE 302 and Fazend'l

' Belem
Pontc SE 302 QPSE

| CA=14,122km’

" Check Dam, Qep /77 Check Dain Reservoir -~

l Main River Load (1)~~~

_ LQW.F_IQ":'BYP."SSV_ Maili Dam_késéivpit. e

. Vaza Bams Dam Qmu:

 CA- 15560kmz 2 Bés{-nw[‘lm .

Maintenance

_ { Mam chr Load (2) et
Discharge : . Lo

“BasinLoad(2) .-t

L FazendaBelem, Qu | | o T

_FigLi'rgaTZ,:;_ :._Water.Qdality Moldel for .Rescfvi)iij'()-pei-'étib_n..S'ili'lujg';tion' '"‘; '

o . ’lfab.lg-2.9". WaterQuahty Lstlmatlon Equatmn i
Load - < PointBasin - - | . - . Clmg/y T [ EC(ds!m)

~ Main - | {(1)CheckDam (CD) - " | [Clor EC]CD ( [[ md]un [l oad]cnun)/ Qco
" River | (2) Main Dam (MD) (C1]=427.99* Q" [ECJ= 15483*Q°’“"
Load (3) Fazenda Belem (FB) -~ | {CI]=415. 35*Q°“‘“- oo [EC)1.5082¢ QT8
- Tributary - | (1) Between CDand MD | {CI]=80*Q7>7.. . =+ | [EC}=04* Q%
Basin Load _| (2) Between MD and FB {Cl] 80'Q’°"a s | ECI0.44Q 0T
Water Quality. ltems .. L . Correlation equauon with, E:C (dsfm)
“Na(mgl) - [ ~[Na] = 104.53*[EC]
Mg (mgll) - T Mel=35.514*EC) o
Ca(mg/l) ' -~ [Ca) = 56.833*[EC) '

o Swmmary
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: (3) - Simulation Re'sult of Rcsei'\?oir Opcration

Based on trial simulation of the cases of “without water quallly cspacny for dilution” and
“with that”, the followmg sets of bypass discharge and total Teservoir volume are examined
as filtematlves of rescrvonr operatlon of Vam Barris Dam !

Bypass Dlscharge o QBP =0.7-1 3 m l
Total Resel von Volume: H VRES = 85-96 l'l]llllOIl m3

Consequently, the most economzcal qltermtwe was adopted and the destgn dlschargc of the
low flow bypass and the total reservou volume are set as follows:

De51gn Dlscharge for Low Flow Bypass - 0. 75 m/s
Total Reservon Volume (N.W. L) o 93000 000 m’ (EL 47 50 m)
g (4) Reservmr Operatlon Plan

The smmlatlon rcsult of the reservoir operauon for Vaza Bams Dam 13 shown in Flgure—
- 2.4 and I‘lgure-2 5. These figures show variation of reservoir water volume, inflow,
chlorine concentration (C1) and clectric conauctwnty (EC). - To identify the effect of low
- flow bypass, the simulation result in the case of no bypass is also prcsented in fhe same
" figures. ~ Table-2.10 shows the maximum and the average of reservmr water quallty during
- the calculatlon perlod of 1936 to 1995 : .

L Tahle—Z.lO ' Summary of Water Quahty m Va7a Barns Dam Reservmr o

o -- .ow Flow Bypass Discharge | = ° QBp—G.’IlSmIs Sl Qep=00mYs -
Parameter - . . | 0 T— i Maximum . | Average || Maximum | Average
Chloride:_Cl T gy | ooeso | s |t 32 199
A l L LT T Y .56
Electric Conductivity: EC -+ | (dS/m) < 100 S 03 o120 1. 082
Sodlum Na S Mgy [ 104 1T 126 ] - 85
S Ymely - | 451 33 ss | 37
Calcium: Ca o gy - 51 42 . 68 C 46
e ey | 28 | 20 34 0 | 23
Magnesium: Mg~ . |(mgm - | 38 26 e 430 29
e ey 29 ] 2 35 | o 24
SodiumAbso'rplion Rate:SAR ~ ;= ¢ 21 - 23 290 24
Carbonic Acid: HCO * = - | (mmg/l) - P 50180 o
o ey | 7 08:30
pli‘ S . LS 69-83

* HCOo and p}] are not dependenl on d|scharge

- 7'(5) Speenf‘ cations of the Plan of Vaza Bams Dam

_ Based on reservoir operatlon smulatlon, reservo:r capacnty dislrlbutlon was set as shown in
L Flgure-2 6. Planncd specnﬁcatlon of Vaza Barris Dam on development discharge, dam
- Teservoir allocatlon, Dam/Splllway, check dam, low ﬂow bypass is summarlzed in Table-

211

R o Summary
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lm!(xm)w) _ ,,,,,,.,,.,,,,, . R '..'.,.__,'KA,,V',',L' i,,.,,, "'1500
' Variation in Reservoir Volume - Yaza Bareis Dam :
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Annual Average Discharge | - -
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. 92“ Top Level EL.53.20m

N.W.L. EL.47.50 m

Water Utilization Capacity: - - 65,000, 000 mJ
- Domestic/Industrial and L ;
lirigation Water Capacity: 64 000,000 m _
- Maintenance Discharge Capacity: * 1,000,000 Effective Storav» Capacity
Water Quality Capacity (for dilution): = 24,000,000 m: 91 000 000 m’ -

F\a?orauon Loss Capacu) o 2 000 000 m Total Storagc Capacnly
' : ' 93 000 000 m’
IWL EL2860m :
Scdlmcnl Capacﬂy SR 2 000 000m R
¥ Dam Foundatlonlcvel [‘L 500 m

: F'igu:re'-2.6 : Schcmatlc Dcscrlptlon of Capacu} and Planmng Walcr I.cvcl

rTa.blc-Z.ll Planed S_p'éc_i-l";ic'a.tibn. of Vaza Bai‘rié Dém

T llems 4‘;':- o . - Unit | - Spcc.iﬁcalior‘i___ S ‘Remarks -’
Development Domesllc and Induslnal \Vater I m¥s | - 0.887 : I _
Discharge |4 ioation Water (Max. /Ave) | m¥s | - 291271507 - Vs:;gi:mslmganon R

| Total (Max.JAve) | wis | 3.19972.394 -
Dam . |CatchmentAfea - “~ " “J'km’ | ~7" 15560
Reservoir | Reservoir Area (NNW.L) - Ha L1950
' Total Storage Capacity ' m’ | - 93,000,000
Effective Storage Capacily - m' | . 91,000,000
Water Utilization Capacity | m’ | . 65,000,000
- Domestic/Industrial and m’ - ' U
Irrigation Water Capacity | -~ 64’000’00;0 R
- Maintenance Dlscharge L m e Mamtenance Dlscharge
| Capacily - - o , 1'000’000* _|.044 m’!s L
Water Quality Capacity . - m’. | . o
" (for dilution) o D -24 000 000
' Bvaporallonloss Capacny m’ 2000 000 R
B BT R lO m3fkm2!year, 100 years
Scdlmcnl Capacuy el om _2,000,(_)00 (IOMm mto (,heck Dam)
| Normal Water Level(NWL) ELm | -~ 4750
Low Water Level (L.W.L.) EL.m 2860 Sedtment Level
Damand R : S oia, b | Probable Maxmmm
Spillway Design Flood Discharge - | m'/s = 3,600 (10,000- yr Return Peno d)
: gemgn DI:SC:hi-i-l'ge Of Encrgy ms | o I‘200 100 year rc(um penod
issipater : A o
Design Discharge of Dwers:on m3fs Concrete Dam 200 . 2-year feturn period -
... = | Channel during Construction | " '~ | Fitl Dam: . - 720 20- year relurn pcnod
Check Dam |Dam Type =7 =~ I R Concrete Dam - it SIS
| Dam Top Level S ELm [~ " 63.00 kS D L
g : : l 2 Ilmes oflOO )car
De51gn Dlscharge of Splllway Am)ls‘_ o }400 o relurrlgeno 4
. Sedlmcnl Capacnly R | 10 000 000 w Level at EL.63.0m
Low Flow - R o : SRt
Bypass Des:gn Dlsqharge R m. /s o 0.75_ RS

C24
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243 Design of Vaza Barris Dam
1n Selectlon of Dam Srte

Dam stte was selected taking account of river dlseharge reservoir volume, valley shapc
- geological condition and water quality. The arca available for dam construction was
specified based on the river discharge and the topographlcal condition that Vaza Barris
~river suddenly becomes wider in the down-stream. ~ Then four (4) sites were selected for
candldates of dam site with preferable topographical conditions for dam construction.
Finally one site was sclected for a dam site with the best gcologlcal condltlon of the four
candrdates - o o '

(2) : Topography and (,eology of Dam Srte

: Topograplucal units constituting the Vaza Barris dam  site and sprllway site are; l)
tablelands forming peneplains, 2)valleies dissected down by Vaza Barris river, 3)river
floors and Alluvial traces in the both side of the river ﬂdors Geology of the Vaza Barris
river consists of superficial sedlments and basement rock. Supetficial sediments consists
of river deposit (Rd) in the river floor and terraces of the rwersrdes and colluvial deposit
(Co) on the slopes behind the river terraces. The basement rock consists of phyltite
distributed in whole the dam site.  In rock mass classification, the phyllite is classified -
_mto Cpoor Cy classes under the river bed, and is classified into D, CL ,Cu classes in the
slopes of the river sides , The rock mass classification is shown in Figure-2.11. "The
 rock of the site is' more or less permeable at the depth of less than IOm “On the other hand,
~ the rock is almost impermeable at the depth of more than 10m. Espeelally, the rock is
extremely impermeable under the river floor. Around the dam site, it is seems to be
difficult to find earth materials and rock materials suitable for dam construction in quality
and quantity. - On the other hand, the rock materials suitable for the dam construction was
* found in Itabaiana Dome area, thus 1t is most desirable to obtam roek matemls from
: Itabalana Dome area. ; : : : '

E 5.(3) : Selectron of Dam Type -

R our )] dam types gravily concrete dam, rock ﬁll dam wrth zone type, rock—ﬁll dam wrth B
~ concrete facing type and earth-fill dam are compared. Type of Vaza Barris Dam: Grawty

" Concrete Dam Type is decrded due to low cost and workabrhty of constructlon under the

followmg consrderatrons

o ﬂl), 7 Rock miaterial and concrete aggrcgate are procured at the extstmg quarry site
‘27" located near the Cajalba Dam’ and 15 km far from the dam site. (‘onerete type
 dam, necessary material volume is mlmmum is advantageous Lo

2) - _Due to big cles;gn ﬂood dlseharge for spillway, a largc scale of splll\vay facrllty is

R necessary Fill type dam requires large volume of concrete for sprllway facility.

L Sprllway for concrete type ‘dam is installed easily on the dam body. - Concrete
. type dam is advantageous from vrewpomts of constructlon cost and construetlon
L workablhty ‘ - . SRRt e i

3 L Fill type dam can be constructed on the rather less hard rock 0 on the ground surfacc ‘

.. That is an advantage of fill typc dam. - At the darn site, the layer of this “rather
~less hard rock”, namely D-class rock or CL-class rock, is very thin or nothmg '
- Concrete type dam is constructed on the hard rock foundation: Cys-class rock or
: more At the dam snte, the dlﬁ‘erence between ﬁll type dam foundatlon and '

= SR - Summmy
21 7
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4)

advantage at the dam site.

conerete lypc dam foundatnon is very small Therefore, ﬁll typc dam has no -
Near the dam site, layers of soil and weathered rock arc vcry ‘thin, - Therefore, a
large arca is necessary to collect core material and earth material. Considering
the current land use (paslurcland) near the dam sue itis unpossnblc to collect soil

: matcnal in the wndc areas.

' Water depth in flood time is very hlgh duc to low slopc of river channel gradlcnt

“ This high water depth is disadvantage for diversion tunnel during construction
- period.”
~ bulkhead method is applicable for concrete type dam because the design diversion

- Therefor, partial bulkhead for diversion is recommendable. -

discharge is small and concrete dam is resistant agamst dam- -top overflow. . For -

Parual -

il type dam, diversion durmg conslrucuon pcrlod is very dlfﬁcult at thc Vaza

- Barris dam snte R

Speclﬁcatlon of the Dam

: As a rcsult of dam design accordmg to the dam Operatlon plan, lhe speolﬁcatlon of Va7a
Bams Dam is summarlzcd as follows '

Design Discharge for Encrgy Dlss‘lpatcr
Type of Spillway .. ‘
Size of Splllway

Typc of Energy DlSSlpatcr

: <DamBody> T AT el S . RN TEE AR
- DamType . - . - s Grav1ty Concrelc Dam :'
— Elevation of Dam Fop St BL.S32mo
- Elevation of Dam Foundatlon ‘o7 =0 1 D EL.SOm (CM Class Rock)
—~ "Dam Height ", - - s .482m :
- DamTochngth :280m £t
~ Dam Top Width e S 0m L e Leen
~ - Volume of Dam Body Lol w216, lOOm (mclude energy dlssnpatcr) e
~ Slope of Upstream - - . Vertical . g ; '
- Slope of Downstream AT : - 1:0.88 :
- Backﬁllmg Volume of Concrete 43,600 m>
<Splllway> ' ‘ SRR
.= Design Dischargc for Splllway ;- 3,600ms -

C1,200ms o 2
: Free Overflow Type

Overflow Depth 5.2 m -

' L * Overflow w:dth 150 m . - S
(mcludc thc wxdth of the bndgc pier2mx 5 plers = 10 m) L
7 =5 ' Forced. Hydraullc Jump ‘with Chute B

e BlockandEndell R
- Slze oanergy Dlss1pater ~ 77 Basin Width ¢ 150 m ' '
' ©7 W0 Basin Length 26m
LT BasmWalch;ghi ; !gm
<Low Flow Ouflet> .~ - = , ot S
- -DesignOutflow . .. =~ = . 1_044m/ T SO
- -DlamcterofOuilctPlpc L 1. $800 mm SRR
- -Dlametcr ofGatc ' L 49250 mm R

o






Geological Cross Section
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Geological Cross Section
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- Figure-2,7  Geological Cross Section of

Vaza Barris Dam Site -
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() Planof Temporary Diversion Works

Since it is judged based on flow regime and topographic feature that a tcmporary diversion
tunnel is very difficult to be constructed, “diversion ﬂowmg half of river scction” was
adopted in this plan The sizc of temporary dwcrsron is set as follows, while design
: dlscharge is 200 m/s (2-year retun perlod) -

< ExcaVated Opexi'Channcl > _
T rapemum water eh'mnel Base wullh 15 m, Slope gradlent 1; 1 .0, Water deplh 4m - :
| <Rectangular Channel lns:de ofthe Dam> o ' R
~ Width 3-4 mx Helght 3-4m o

_..2'._4.4 B De.s'ign ofCheckDam |

(1.) B Selecilon ofCheck Dam Slte o - S
Site for the ehcck dam was selccted takmg mto account of valley shape, geology and
. functions’ necessary for check dam. - The finally selected site is located almost at the top

end of the reservoir which is formed by the planed Vaza Baris dam. This site has narrow |
valley Wthh can make the volume of dam body smatl, morcover this site has the small

 Alluvial terrace afong the riverside where the facilities can be set for water intake. -

R Furthermore, thére are some rocks found in the river floor and the slopes thus this site also
‘has advamage in geologlcal aspect No other sites can salisfy the above conditions around
lhlssue R S S o - 5

Bt (2) Topography and Geology of Check Dam S1te

Tn the dam sate valley is narrow and its slope is consrderably steep Alluvral terraces -
~ extend along the river but not wide. ' The tock is covered by thin superficial sediments,
- ‘and is outcroppmg in some places i in the river floor and both of the hill slopes. ~ Geology
+of the site consists of river sediments (Alluvial terrace) and bascment rock. River
' sedlments is sandy soil with thickness of 2-9m. The basement rock consists of phyllite
' classrﬁed into C; class of 3m thlckness in the superﬁcral part of the’ rock mass and (,M
' 'class under n ' : : : : o S TR TR

i 3 i Specrﬁcahon of Check Dam

o Accordmg to the reservoxr operauon plan desrgn rcservorr sedlmentatlon volume was set_

o as 12,000,000 m’. -Out of this volume, 10,000,000 m> of sediment volume is to be slored

- in the check dam reservoir, in order to decrease sedimentation in the main dam reservoir.
: ,AS the result of the desrgn the specrﬁcatlon of lhe check dam is summanzed as follows

= ‘DamType AR IT 4‘ 'Gravrty Concrete Dam L

- = Elevation of the Top of Waterway CEL.630m oo '
. _. ) S]ze of Watenvay T R \Vldll‘l 70 m X Waler Depth 4, 95 m
'~ Concrete Volume -~~~ : .y 28 400 m’ (mclude sub dam works)

L Summary
Caa0 o
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24.5 Desrgn of Low Flow Bypass

To convey low flow water not entering reservoir and to decrease sahmty of reservow watcr
the followmg two types of the low flow bypass are planned as alternatives:

Open Type:  Open type channel is installed along the periphery of rcservolr
A channel crosses a vatley or steep slope as a bridge.
- Closed Type:

Closed type of plpelme or box culvert is mstalled in lhe boltom '
of the reservoir. '

Table-2 12 shows the comparatwe cvaluahon on the altematwe dosrgns of low flow bypass
In this Feasibility Study, the box culvert bypass of the closed type was adopted as a low

flow bypass, which is Supel'l()l‘ on eeonomy, workabrhty 'md envnronment although 1t has
difficulty on mamtenanee : L . : :

Comparrson of Low Plow Bypass S

e Tablc-2.12 '

Items Opea Type: Open'Channel Cl_osed Type: Bo?c Cul_ver__lr Closed Type Plpelme

Location Reservoir edge with higher| Crossing through the dam body Crossmgthrough the dam body

T élevation of the dam top by plle with flow coiitrol valve by plle mth flow control valve
g tn “| s Conerele reclanglllar_.' Concrele box culvert: ¢ ¢ Steel pipe:

(DEEHON | channel: WLSmx H13m| 7 W1.05Smx H1.0Sm . C$1L,000mm -

- Length © 300km 2 277 km 207 km

- Head .. 80m C380m “38O0m i
_Flow Type _Opentype - " Pressure type B Pressure type
Flow Velacity ' 06mfs 3 07mfs ' lOmfs '
Construction'{ -~ o i R
| Workability e Bad in some Good Good :
C‘_’“f:"o‘;f"_"'? ' R$47.1 m_illion ' R$ 32. 3 million  RS445 mll]lon
Maintenance | - = Easy. - ‘ D:fﬁcult i leﬁcult
Impactto: '} - .. Large impacts © Almost no impacts 7 Almost o impacts -+
Environment' . (Exeavation of slopel {Submersrble box culveﬂ) ¢ (Submersible box culvert)
_2.4.6 : Plan and Desrgn of Water Conveyance

o

Plannmg Condmons

Water supply reglons w1ll be { agarto and Itabalana regrons
Planning conditions arc as follows L g -

“Target year

Water Supply Rate .,

- Water Supply Populatlon
Effective Water Supply Rate i
Water Supply Load Factor -
Average Desngn Dally Water Supply Volume per caplta

- Urban area :
Large rural area

12020

C100% ol
:Laga.rto regron 229 700 Ilabalana regron 309 800 -

A%
83 3% .

: 160 llter/caplta/day
1120 llter/caplla/day

Average Desrgn Dally Water Supply Volume S
s Plaumnga reglon 37,334m Iday o

_ Agres_te region

39 276m3/day e

221

S Summary
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(2) Pump Facll:ty Plan

Pump facrhty will be divided 1nt0 two pumpmg systems namcly water intake pump and
water lift pump, so as 1o prevent the technical difficulty caused by the long distance water
conveyance, the high suction head of 30m and high fluctuation of seasonal change of water
- intake level in the reservoir and to assure easy operation and maintenance of whole
pumping system. Number of pumps will be taken'as 3 or 4 pumps with 1 stand-by pump
included considering the risk dlSSlpatlon flow volume control and the construction works
" in two phases.  Electric power wnll bc supplled from the exnstmg Cajalba substauon v1a
new 69kV trausnussxon llnc

< Water Intake Pump Statlon, WIPS >

: Water Intake Pump House WIPH with water mtake tower wdl be constructed in the Vaza |

~ . Dariis reservoir at the right bank of the river near to the Vaza Barris Dam. - WIPH and the

- fight bank’ will be connected by a “bridge and water intake pipes will Tun along the both
sides of the bndgc toward the conncctmg reservoirs. ' WIPS will supply water for
' Plaultmga and Agreste water supply systems. * Nuriber of pumps will be 4 with 1 stand-by
- pump included. - Pump specification will be vertical flow type, total head of 40m,
_dlscharge volume of 10. 7m3/m1n per pump, rotation of motor of 1,775rpm, power of
. 110kW and requtred eleclric power of 440Vl60Hz/3 phase Surface water mtake wrll be
effected by stop log operatron O t L

: ,< Connectmg Reservorrs >

Remforced concrete connectmg reservorrs wnll be constructed on the rlght bank of the river _
) approxrmate]y 80m apart from WIPS. The connecling reservoirs will be constructed in

" order to secure smooth water flow to water lift pumps even when emergencles such as

operauonal troubles in the water mtake pumps or power outage will occur. * The capacily
of the reservoir will be 3, OUOm for each reglon determined consrdermg the frequency of -
" occurrence and duration of power outage The reservoir will be dwrded into two basms :

L wnth 1,500m’ of storage capacrty for the easy mamtenance of the reservonr

< Water Llft Pump Stations, WLPS >

WLPS will be constructed next to thc connectmg reservorrs one for Plaultmga water

supply system and the other for Agreste water supply system.  Number of pumps will be 3 -

with 1 stand-by pump included. Pump speaﬁcauon will be horizontal type, total head of
. 161m, discharge volume of 7.8m*/min per pump, rotation of motor of 1,780rpm, power of
294kW and requlred electrlc power of 440V/60]ld3 phase :

- <Water ConVeyance Plpe]me 5 L

o In prmmplc all pipe ‘materials will be ductlle cast iron. Class of push -on Jotnt Type plpe
~ willbe K7 in accordance with the water prcssure in the pipeline. _
Plpelme from Vaza Barris Dam to Piauitinga region will be installed along the extstmg :

f. roads passing through Jempapo Brasilia; Acuvelho and Urubutinga villages. Pipelme' :
o U with total length of 25.4km is divided into three portlons namely 1- qS’IOOmm pressure
. pipe w;th 10.4km long up to Brasilia, 2- ¢600mm gravily pipe with 7. Skm long and 2-¢
0 500mm gravity pipe with 7.2km long up to Lagarto One plpelme of combmatron of ¢

' 600mm and quOOmm will be constructed in each construcuon phase. Countermeasures

s _for water hammer in the pressure plpellne w1ll be one way surge tank and ﬂywhcel Two

L e e _Summary :
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surge tanks will be provided between WLPS and Brasilia and flywheel will be provided to
 the water lift pumps. Connecung reservoir will be constructed at the connection point of

$ 700 pipe and ¢ 600 plpe wnh thc samc slructural dclalls of thc conncctmg rcservonr at
WLPS = ;

P;pelme from Vaza Barrls Dam to Agreste reglon will be laid along thc emstlng plpelmes -

- of DESO passing Ribeira, Cajaiba and Carrilho villages. Plpelme with total length of .

24.0km is divided into three portions, 1- ¢ 700mm pressuro pipe with 8.8km long up to
Ribeira, 2- qSSOOmm gravily pipe with 7.7km long and 2- ¢600mm gravnty pipe with

7. 5kmlong up fto ltabaiana. - One pipeline of c_ombmatlon of ¢500mm and ¢ 600mm
will be consteucted in cach construction phase. Countermeasurés for water hammer in the

- pressure pipeline will be one way surge tank.  One surge tank will be provided between

~ WLPS and Ribeira. - Conneclmg reservoir will be conslructed at the conncct:on point of
3 qB'TOO plpe and ¢ 500 plpe wﬂh ihe same slruclural delalls of the connectmg reservon at ' _

- Thcre wnll be no large river crossmgs along both routes of plpellnes and column type -
‘remforced concretc siructures can be appllcd for such nver crossmgs '

(3) Water Treatment Statlons and Water Dlstnbutlon Facnhtles o

Plan and DeSIgn of Water Trealment Stailons and Water Dlstrlbutlon Famlmes in
Pnaunmga and Agreste regions will be executed at the implementation stage of this Praject.
_ The construction cost for these works will be obiained by adjusting the constructlon costs g
for these works estlmated in Master Plan multlplled by pr1ce escalauon rato
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