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PREFACE

: In responsc to a rcquest from the Government of the Federative Republic of Brazil, the
_ 'Government of Japan decided to conduct a Development Study on Water Resources
Development in the State of Sergtpe and entrusted the study to the Japan Internattonal :
- Cooperatlon Agency (JICA) ' : :

JICA selected and dlspatched a study team headed by Mr Masatomo Watanabe of

Yachtyo Engincering Co., Ltd. to Brazil, three times between May 1998 and February

) 12000, - In addition, JICA set up an advisory commiftee befween May 1998 and March
2000 whteh exammed the study from speclallst and techmcal pomts of view.

The team held dlSCUSSIonS w1th the ofﬁcnals concerned of the Government of

e .Federattve Republtc of Brazil and conducted field surveys in the study arca. Upon

returnmg to Japan the team condueted further studles and prepared thts final report.

I hope that thts report will contrlbute to the promotlon of the pro_lect and to the

RS enhancement of fnendly relatlonshtp between our two countrtes

L Fmally, I WlSh to express my smcere apprecnatton to the ofﬁctals concerned of the _
. Govemment of Brazll for thetr elose eooperatlon extended to the team.

" March 2000

K_imio Fujita
i - o President o
Japan International Cooperation Agency






_ S March 2000

- Mr. Kimio Fujita

President .

- Japan International Coopemtlon Agency
Tokyo, Japan

Dear Mr. Fujita, o
LETTER OF TRANSMITTAL

_ We are pleased to submit to you the final report of the Study on Water Resources
Development in the State of Sergipe in the Federative Republic of Brazil. = The report

- contains plans of water resources development projects, taking into account of the advice

and suggestions of the authoritics concerned of the Government of Japan and your Agency. -
Also included are comments made by the State Secretariat of Planning, Science and
. Technology, the State of Sergipe, the Federative Republic of Brazil, through technical
- discussions on the drafl reports that were held in Aracaju the State of Sergipe, Brazil.

' The report consists of the master plan for water resources development in the State of
- Sergipe, as well as the feasibility study for the Project on Water Resources Development
and Supply in Vaza Barris River- Sergrpe (PROVABASE). * Inthe master plan, the water

- resources development plan of the six (6) main rivers was formulated for the whole State, -

targeting the year of 2020, We proposed the private-tap systems with integrated and
- independent pipelines for urban and large rural areas through direct river intakes or dam
‘reservoirs as well as the public-tap systems for rural areas through deep wells, and the eight -
~ (8) irrigation projects were also proposed. As for river basin management, institutional
. plan, water resources management plan, management improvement of water supply and

- drought measures were proposed. In the feasibility study, a new system was introduced to -

. the dam plan and design, in order o make it possible to use reservoir water as potable and
irrigation water, bypassing the river water with high chlorine concentration in the dry

© " season to the downsiream of the dam. ' In the planning, negative socio-economic impacts ~
- (resettlement and land acquisition) and effects on the natural environment were minimized

- as much as possrble, and positive environmenta! mitigation ptans such as reforestation
" were also proposed. Finally we came to a conclusion that the proposed pro;ect was
feasrble in the techmcal economlc, financial and envrronmental aspects. -

:‘ In view of the urgent necessnty for water resources development and supply in urban, large
. rural and small rural areas, especially in semi-arid areas, and of the nced for the

" infrastructure development in the State of Sergipe, we recommend that both the State and

 Federal Govemment 1mplement the pnonty projects proposed in the report as a top _
pnorrty R S -

- We WlSh to take thls opportunrty to express our sincere gratltude to your Ageney, the
~ Ministry of Foreign Affairs and Ministry of Construction. We also wish to express our
"deep gratitude lo the State Secretariat of Planning, Science and Technology, the State of
- Sergipe, the Federative Republic of Brazil for the close cooperatlon and assistance
o extended to us dunng our mvestlgatlon and study '

Very tr’ul.y your's,.

‘ Masatomo Watanabe
- Team Leader ' -
- The Study on Water Resources Development in the -

- State of Sergipe i in the lfederatt_ve Repu_bl_r_c of Brazil







Downstream View of Xingo
Damn, Intake pump station
for California lrrigation
Project

wa_ intake conduil of
Xingo Dam for the State of
Sergipe

S#o Francisco River
Downstream of Xingo Dam

(Photo-1)



Jabiberi Déltl_
(Tobias Barrelo)

Piaui Dam.
(Lagarto) -

Marcela Dam 7:
(llabaiana)

© . (Photo2)



Cajaiba Dam, Pump station
to ltabaiana is seen

Ribeira Wier for Itabajana
Water Supply System

Jacarecica [I Dam
{under construction)

(Photo-3)



Pump Station for Neopilice
Irrigation Project

Irrigation Canal in
Neopilice [rrigation Project

Micro-sprinkler for Banana
Farm in Neopolice
Irrigation Project

(Photo-4)



Pump Station for Sio
Francisco Pipeline for
Aracaju City

5 sets of Pump in the
Station for Sio Francisco
Pipeline

ln.t_ake Weir at Poxim River
for Living Water lo Aracaju
City '

" (Photo-5) -
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Well Water Sup.ply System
by COHIDRO, Public Tap

Well Water Supply System
in Campo Pequenho by
PRO-SERTAO and
COHIDRO

Desalinizer with Well
Water Supply System in
Campo Pequenho by PRO-
SERTAO and COIHIDRO

" (Photo-7)



Public-tap in Campo
Pequenho

Rainfali Collecting System
(30 m?) at Elementary
School in Campo Pequenho
by PRO-SERTAO

Rainfali Collecting System
(30 m*)at Elementary ‘
School in Campo Pequenho
by PRO-SERTAO

- (Photo-8)



Upstream View of Yaza
Barris River, near '
ltaporanga de A’juda

Upstream \r_’iew of Vaza
Barris River at Dam Site

Downstfeam View of Vaza
Barris River at Dam Sile

. (Pliot0-9) ) i



Cileck Dam Site, Upstream
View of Vaza Barris River

VTlle.V‘aza Barris Estuary
(Mangrove) '

3 {Photo-10)
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Tize Study on Water Resources De\ elopment in !he State of Sergrpe Brazil

SYNOPSIS

“The Study on Water Resources Development

in the State of Serg:pe in the Federatwe Republic of Brazil
. - .. Study Period: June 1998 March 2000
ReCIplent Ageney State Secretanat of Planmng, Science 'md Technology, the State of Scrglpe

1 BACKGROUND TO THE QTUDY |

.' Serglpe State (area 22 050 km?, populatlon 1 600 000) the targct area of the Study, is
located in the northeast of Brazil.  The main issue currently facing Sergipe State concerns
" increasing statewide sogio-¢conomic levels and mfrastmcture development and cspecially

- the comprehenswe deve.opment of water resources is an issue that requires urgent attention.

Since agncullure is unable to absorb the natural increase in the rural populauon a
‘movement of populatlon from rural to urban areas is taking place. . The mcommg
population is being absorbed and secondary and terfiary industrics are expanding in the

urban arcas. ~ As a result the water demand has mereased so much that 1nfrastructure

development has been unable to keep up, and there are shortages of domestic water and

industrial water. Moreover, semi-arid area has been suffermg from chromc water

i shortage because of the lack of adequate water sources in quantity and quallty '

2 OBJECTIVES OF THE STUDY

AThe ObJCC(lVCS of the Study, targetmg the whole of the State of Serglpe are as glven below

1) To compile a master plan, havmg the year of 2020 as ils target year for water

- resources development in cach river basin;

- 2) To conduct a feasibility study on priority proyects selected wnhm the master plan in
 order to ascertain the suitability of each project; and - TR : '
3) At the same time, to carry out the transfer of technology {0 the counterparts in Serglpe

State durmg the course of the btudy 1mplementatlon

OUTLINE OF THE MASTER PLAN

31 Plannmg Pollcy -

: Based on the socio-economic condltlons and hydrologlcal feature as wcll as current water

| supply COIldll!Ol]S, the planning policy on water resources development ° was set as follows:

l) Goal - Setfing: “Strategic Scenario” of regional development for water resources
development is adopted instead of “Trend Scenario”. Public water supply ratc was set
-~ as 100 % in urban areas and 85 % in rural areas at the target year of 2020. ~ As for the
T mdustrlal water sipply, the 28 % of the demand is supplied by public water system
o 2) Publle water supply systems are divided into following two categories: ,
L Urban and large rural area; municipal and industrial water supplled by prwate-
S tap system. (Integrated System and Independent System) -
o - ‘Small rural: area: domestic water supplied by public- -tap system through
groundwater development (deep wells) with desalinizer if necessary -

3) Irr:gatlon water supply: Agnculture water is classified into: 1) Imgatron 2)

. Livestock and 3) Aquiculture. - Hrigation water is mamly discussed in thls study,
.. because necessary waler amount of the others is considered to be very small. -

' "'.4) Compensation Discharge and Low Flow Security: The 20% and 100% of Q[7, 10]
" (the 10-year return period minimum 7-day flow) is applied as compensation discharge
i for dlrect intake plan and for dam plan respectively. Low flow security has been set

- to.ensure the abstractlon of new devclopment dtscharge even 1n the worst drought in

ten years : : :

" Summary



: Tt:-e Smdy on Water Resources Developmenl in the State of Sergipe, Brazil
32 Proposcd Project and Progr ams

The proposed pl‘O_]CCtS and programs for water resources development and managemcnt m :
the State of Scrglpe are descnbed in Table 1. The pl’OjCCt costs arc shown in Table-2.

T ‘tble-l Water Resources Development and Management Pro]ects

2| Developed
Wnter Resources De\ elopment Pro;ccts ' Water Water Resources Management Programs
o - (m*day)
1 Mumctpal and Industrlal Water Supply S 5M7,103) 1 lnstatutlona! Plan . o
1.1 Urban and Large Rural Area (Integrated System) 379,399] a Management Organization Sel up.
| _a Project Expansion of Sao Francisco Pipeling System 151,600 | b Charging to Use of Water Resourees '
b Project Expansion of Agreste Pipeling System - 22,200 § ¢ PublicInvolvement - o )
¢ Project Expansion of Piauitinga Pipetine S)stcm : 30,200 | d- Cost Allocation for Mulll-pt.rgose Facﬂrtles
da AracaJu Well De\e!opment Project el 23,292 2 Water Resources Management Programs -
e Pro;cct Expansion of ltabaw.nmha Pipeline S) slem B 13, 32 1 _ Lr]n &%;n;::: i';';g‘;ffaﬁ’;\‘;ga‘_‘”- Supply
" f_Projeet Expansion of Propria Pipeline System .- | =~ 6,189 | b Management System of Rural Watcr Services
g Project Expansion of Alto Serao Pipeline System < | - 5,495 1 3 Management Improvement of Wa(er Su ppl)
h__Projéct Expansion of Sertancja Pipeline S)stem = | % 6,493 | a. Classifications of Waters - - -
1 Xingo Dam Pipeline Project " - 43,999 | b Enhancément of Hydrological Assessmenl
j Vaza Barris Dam Project Lo e 76,610 | ¢ Water Quality Monitoring .- ¢
1.2 Urban and Large Rural Area (lndependent S)stem) i 158,351 d Establishing a System for Effluent Control ]
- |1.3Small Rural Area (Municipal Water Supply Only) 9,353 e Regulation of Land Developiment and Use
2 ]rngahon Water Supply s 1 906 301 4 Operatlon agamst Drought
R : Table-2 Pro;ect Costs L
Domcshc and Industrial Water Supply (W/S) Pro_leets | o+ Imigation Total
Integrated W/S _|Indeperident W/S |Small Rural W/S Total . | WiS Projects

R$701.94 mil. | R$ 170.00 mil. | R$73.86 mil.. | RS 945.80 mil R$ 427.50 mil RS 1,373.30 mtl
Note. Cost estlmallon as ofAugust 1998 US$ l = R$ 1. 18 ¥ ]41 40 ' Tl . ‘.

3-3 Proleet Evaluatlon B

(1) Social Evaluatlon ’ Sl e TR RN SRR
Through the nnplementatlon of the Master Plan pro_leets the followmg soelal effects wdl
beexpected ST : R A
- Increase of Employment Opportumty and Actlvatlon of Reglonal Economy

* Improvement of Safe Water Coverage and Public Hyglene R

- Mitigation of Fcononnc Dlsparnly and Allevrauon of Centrahzatlon to the State o S

Capltal

(2) Economlc Evaluatlon

Economic efficiencies of the prOJects are evaluated as shown in Table—3 EERR of the

_ prOJects cxclude the small rural water supply prOJects exceed the opportumty cost of 10 %

Table-3 3 Results of the Economlc Evaluatlon
R “ Projects s < EIRR - - NPV (RS mrlhon) - BIC -
(l) Mumclpal and Industrial Water Supply Pro_|ect o118 ' 1 R A B
- (1-1) Integrated System -~~~ 2108 329 b Y006

" (1-2) Independent System -~ " o e 8T 182

{2) Small Rural Water Supply (S1ngle WellSystem) Ce 298 e ) 0088
(3) lrrigation Projects .. © . S22 e L 148
o <<Total ofPro_]ects>> ' (l)+(2)+(3) SO 13 | 2072 e L 123

oy Fmanelal Evaluation - . .

~The initial investment cost for Public Water Supply Systcm amoun(s to R$ 950 milllon of L
' whlch R$ 660 mllhon of 70 % concentrates in the ﬁrst deeade (2000—2009) The R$ 390 S

o Summary
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million would be possibly be arranged by the state budget and public enlities are assumed -
to share the financial burden of 10 % (R$ 66 million). Conscquently, an amount of
-R$ 210 million should be raised from a soft loan in the first decade.  However, initial
mvestment m the second decade (?OIO 2019) eould be covered enurely by the state l)udget

' (4) Imtlal E nvlronmental Examination (lI* F) : ' '
_ The 1EE on the projects proposed in the master plan were condueted and have ldentlﬁed _
, the followmg issucs on potentlal enwronmental lmpaets and momtormg

Tablc 4 I’otentlal Fm’rronmental Impacts and Momtormg

Projects . Potential Environmental Impacts Mitigation and Monitoring
- Water |+ Land acquisition and relocation .~ - |- Well designed pipeline alignment
Pipeline |- Damage to the wildlife - . - - Well planned Iand elearmg and tree cuttmg
__Projects . | - Water and air pollution during construction. | -
© o - |- Land acquisition and relocation . - A Well planned land e]eanng and tree culling
Vara Barris - Damage to ecosystem and riverside forest | - Dry season work (o minimize erosion

- Sediment load reduction, Obstruction of| - Reforestation and green buffer zone

D_am P _m.J"?Ct fish migration, Damagg to mangrove forest - Environmental monitoring (dlscharge water

: : - Water born disease 10 ~ quality, sediment, fish, ecosystem)
Well Dev. | - Over pumping results in ground sub51denec - Monitoring on groundwater level and \'.ater
_ Projects and sall water intrusion - quality : :
Irrieation |~ Salt damage of tand and waler loggmg © {- Well-planned land eleanngand tree cuttmg
rrigation - - :
: Projects - Damage to the wildlife and the soil : - Monitoring on’ water quallty caused by

- Water and air pollullon durmg constmctlon | agncultural chenneal
3-_4 Recommendatlons

Z l) . lmplementauon of the master plan on water resourccs development and management
B accordmg to their priority - : T
3 -~ 2) Revnew of water resources master plan every ﬁve yeals L
3y Fmanemg a part of the project cost through a forergn soft foan -
4 (,ontlnuous l:,ffort to Collectmg, arehlvmg and proccssmg hydrometrrc data

3 i__'_4' OUTLINE OF THE FEASIBIL[TY sruuv

of the water resources development proleets proposed in the master plan “T he PrO_[CLt of
S Water Resources Development and Supply in Vaza Barris River- Sergipe (PROVABASF )’
- was seleeted as the most priority project. = This project has the target to supply water to
0 Agreste and Pnurtmga Prpehne Systems (Itabaiana and Lagarto) through constructlon of
e Va7a Barrls Dam and water conveyanee plpelmes to both elttes ' ' :

L4 4 1 Planmng Pollcy

(1) Newly Developed Water Amount
Water Amount newly developed by the prolect is as follows

Domestlc and Industrlal Water .. 0.887m s, o '
- ]rrlgation Water e _' . L2912 mYs (1. 507m3/s on Avcrage)
- "-' ~Total: ST 3 799m3/s (2 394m3/s on Average)

'(2) Concept of Reservmr Operatlon Pian o - - : ', e
- Vaza Barris Dam has the functrons of not only “Stormg W'lter but also “IrtlprOVement of

Reservmr Water Quality”. To 1mprove reservoir water quality, a new system of a low

flow bypass was- mtroduced into - reservoir operatton plan, considering water quality

.+ behavior.that river flow has high chlorine concentration only during low flow condition but

not durmg ﬂood Then, high chlorine concentratlon water is bypassed around the dam
: reservorr and clean or low ehlorme eoneentratlon W‘tter ts stored in the dam reservoir.

- Summary
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4-2 Outlme of the Pl OJeet

The component and spemﬁcation of lhe proposed pl‘OjCCl are shown in T"lble 5 Prolect
implementation is divided into 1) phase-1 from 2002 to 2006 and 2) phase- 2 from 2012 to
2016. The total project cost is estimated as R$ 265,444 thousand (Phase-1: R$ 208,564
thousand, Phase-2: R$ 56, 880 thousand) Price level as of Septembef 1999, US§ 1 =
R$ 1.92 =¥ 106.95. L T RIS SR

Table-5 Pro;ect Component and Specaﬁcatlon -

- Project Components .~ - I g S Speuﬁcallon
(l) Vaza Barris Multlpurpose Dam R ' Ll L
Main Dam - Type: Grawly concrete dam llc;ghl 48 2m Cresl L ength 280. Om
Spillway ~ - = ..o oo Design discharge: 3,600m*/s, Width: 150m, Height: 5.2m e
Check Dam (or lnlake Dam) - - | Type: Gravity concrete dam, Ileight: 20.0m, Crest Length: 127.0m -
Low Flow Bypass - - " " | Concrete Box Culvert: 1.05m x 1.05m, Length: 27 7 km Q 0 75m3ls

{2) Domestic/Industrial Water Supply Facilities: <ltabaiana Cily Area>

Treatment and distribution facifities | Itabaiana, AreiaBranca, Canpo. do Brito, Macambira, Sao Domlngos
(3) Domestic/Industrial Water Supply Facilities: <Lagarto Cily Area>

Treatment and distribution facilities | Lagarto, Pogo Verde Slmao Dlas Rnchao do Dantcs i
{4) Forestation for Pntlronmental Protection - - :

Forestalion - Tl lTolal 300 ha (mam dam 150 ha check dam 50 ha reservo:r IOO ha)
{(5) Irrigation Water Supply Facilities : . -

Water Conveyance Pipeline .- - | Pump station: 2 912 m’fs, Cast iron pipes : '
Irrigation Fac1l|t|es R : lmgallon area: 4,553 ha (Lagarto ltaporanga de Ajuda Salgado)

4-3_ _PrOJect Fvaluatlon .

Water Conveyance Pipeline Pump station: 0.546 m/s, Diameter ¢»500 700mm, Length 25, 4km -

Water Conveyance Pipeline .~~~ | Pump station: 0.52 m’s, Dlameterq':SO{)-?OOmm Length 24 Okm Sl o

: 1') " Sosial Evaluatlon a) Increase of Bmployment and Actlvauon of Reglonal Economy,' e .
- b) Improvement of Safe Water Coverage and Public Hygiene, and c) Mltlgatlon of SRR

" Economic Disparity and Alleviation of Centraltzatlon in the State Capital

- 2) Economic Evaluation: The EIRR of PROVABASF pmJect resulted m" 1479%, e
- which excceds opportunity cost of 10%. NPV was R$75million and BIC was l 59 P

‘Accordmgl), the projeci is assesscd to be in economic efﬁmency o S
3) Financial E valuatlon The phase-1 project is evaluated to bc finan(nally feastble,

raising the fund from a soﬁ loan and the State Govemment wuh thc sharc of 50 % U

~ respectively. : S N : wa
~4)  Environmental Impact Assessment° Vaza Bams Dam pro;ect has potentlally

adverse Jimpacts on many e11v1romnental 1tems such as resettlement, rwermde forest, .. .
_mangrove and fishery in the estuary. - \/lore detailed 1nvest1gat10n is necessar) but ..

some adverse effects can be avoided by suntable mlttgatlon plans as follows
- Careful and adequale treatment on resettlement L :

- Rcforestatlon plan around dam and reservoir -
- Anntnl monltormg on ﬁshenes actmues

4-4_ Recommendatlons

1) lmplementation of the PROVABASE Pro_]ect (Flrstly phase I pro_lect)
2) Financing of the 50 % of the Project Cost through a foreign soft loan -,-;" ' j_ -
© 3) - Necessity of Additional Study before the lmplementatlon of the pmJect RS
~ 4) Necessity of Water Quality Momtormg for the future prOJect 1mplementauon e .
-~ 5). Arraugement on basm development and management between Serglpe and Bahla ﬂ L

A Swmmary
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Symbol of the proposed Water Supply System

3780 1T S

Symbol | Project | Svmbol | Project
Integrated Water Supply System
1T 01 Sao Francisco Pipeline ITO06 | Vaza Barris Dam Pipeline
IT02 | Aracaju Well Development ITO7 | labaianinha Pipeline
IT 03 | Agresie Pipeline ITO08 | Propria Pipeline
IT04 | Piavitinga Pipeline IT 09 § Alo Sertac Pipeline
ITO05 | Xingo Dam Pipeling IT 10 1 Sertangin Pipeline
Indenpent Water Supply System
IDCL | Gararu ID 19 | Carmopolis
ID 02 | Muribeca 1D 20 | General Maynard
ID 03 | Nossa Senhora da Dores ID 21 | Maruim
1D 04 { Malhader 1D 22 | Riachuelo
1D 05 | Tobias Barreto 1D 23 | Rosario do Catete
1D 06 | Brejo Grande ID 24 | Sanwo ! Amaro das Brotas
D07 | Hhadas Flores 1D 25 | Barra dos Coqueires
ID 08 | MNeopolis ID 26 | Sac Cristovao
z ID 09 | Santana do Sao Francisco ID27 | Az
38 W ID 10 | Capela ID 28 ! Boquim
Legend D41 | Divina Pastora 1D 29 | Cristianapolis
ID 12 | Sanw Rosade Lima ID 30 | Pedrinhas
——: Existing Pipelines 1D 13 | Sirir ID 31 | Sulgado
= : Proposed Pipelines , ' 1D 14 | Japarawba 1D 32 | Estancia
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'_s:f e  :Village 1D 16 | Pacatuba 1D 34 | haporanga D'Ajuda
~ (O  :Existing Wells. _ ID 17 | Pirambu ID 35 § Samta Luzia do ltanhy
O : Proposed Wells . I}? IS. Sao I‘:rancisco
—-w : Boundary of River Basin Irrigation Pr:o;ectl -
. River IR0 | Quixabeiva IRO5 | Jacarecica I
=== Block Divisio‘n of lntegr.ated Water Supply ' ]I:E gi JSZC:;‘riZ::::J ii gg \E/Zixti‘l:i:
® : Proposed Irrigation Project Roe | Logeminnas TR0 | Esancinna
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