The Strmf; on Wa ler Resources Developmem inthe Sla!e of Sergipe, Brazil

CHAI’TF R l

MASTFR PLAN OFWA1 ER RESOURCI‘S DEVELOPMENT
71.1 o General _
1.1.1: Objectwes ofthe M'lstel Plan -'

Toward the targel )ear of 202(}, a plan of water resomces (levelopment and mamgement
which is a state vision from the water scctor, is proposed through sustainable water
resources development for the purpose of securmg stable llfe of the state people The
abjectives of the pl'm are set as follow : -

i

e improved . living standards..

)] r____lo supply clean fmd suﬂtc;ent water for the state people through thc pubhc water )
.o o supplysystem. . L o e _
-.2) - To supply mdustrtal walter through the publlc water supply system for the growth
ST ofmanufacturmg mduslrles i . N
©-3) ' To supply 1rftgatlon water to agrteulturally potenttal land for the achlevement of :
Lo ---4-7hlgh produetmty e o - .
- 4) _ To maintain enwronment'tl quahty through sustainable' water resourees_
S development o : : o
_ 1]2 . Prlnclpal Polleles for Preparatlon of Plan -
Plan Umts and Composmon of Plfm s N
_' " The Master Plan is to be formulated by river basms and eonsls{s of water resources‘
_ devclopment and supply for mumelpallmdustrlal water fmd 1rr1gatlon water Table-_I I
'_ shows rtvcr basms and mlero regrons in Sergtpe State R B
o '_ Table 1 1 Rlver Basms and Mlcro Regtons in Serglpe State
Rl\er Basm S. Franctsco Japaratuba Serglpe Vaza B'i_ms : l_'lam Real --.Total-
\hcro Reglon | River Basin [River Basin | River Basin | River Basin | River Basin | River Baslll L
Area )| 72163 | 220 36730 25590 426020 25580 [ 22,0503
Composilion . (%0) 33.0 - 18 16.7 - 116 © 193 11.6 160.0
{01} S. do Sertaodo‘;l* 4,899.6 ©120.6 4358 —- e e e | 5,456
(02) Carira . — — 974.7 9085 [ — - . 1,8832
(03) N. S. das Dores 3204 1 3767 | - SN2 — ) . 1,2688 |
{04) Agreste de ltabaiana — — 4394 - 6664 0 = ‘1,105.8
(05) Tobias Barreto - — — L= 3 ~ 2,060.6
| (06) Agreste de Lagarto = = i - © 11,4909
(07) Propria -~ - tome | | e = ) = ] L0148
(08) Cotinguiba_ W—i"g”;;_; N 5701 188.1 e B o~ .. 758.2
 (09) Japaratuba_- - 1,011, 4 423.3 — — — — - 1,464.7
(lO)BaNo(,otmgmba o 2200 3169 ( ~ — | — o= 1310
(D Arcaju =° - Lt 2 5135 36| — | o ] 8593
. {(12) Boquim R e — ] 1,0796 816.8 | - 1,8964
g (I3)l§stancia - — — 329 3[_)4.9 1,_562.2 i_54.5 2,054.5
_(2) _ Water Demand Pro;ectlon LU

_ Concernmg mummpal water demand the servrce level tmprovemcnt demand refers to the
- demand made necessary by increase of per caplta consumplion and supply rate, resulting in -
: - The. popuhllon increase -demand - is. necessary to gauge

~ -+ demand for the posstble cases where population movement from rural areas (o the cntles :
contmues and urban population coneenlrallon reaches a peak. LT
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Industrial water demand and agricultural water demand are strategic water demands .
concerned with cconomic vitalization.  Since this is demand for water needed to achieve
the correction of rcglonai disparitics i in the state and the ‘mitigation of poverty (important
issues in walter resources development projects), it is necessary fo strlkc a balancc wrth thc
long-terin dwclopmcnt plans 'md mdustml dev clopmcnt plans. * -

In this Study the strategic scenario, in WlllCll popuhtton and mdustr) was rcdlslrrhutcd in
consrdcrahon wrth dcccntralwauon lS ‘uloptcd for thc mastcr plan : '

3 Watcr Resourees Potcntnl PrOJcctlon

~The water resourccs to be targctcd are surface water and groundwatcr wnlnn Scrglpc gtale -
Surface water (o be targeted for development refers to the waters of the six rivers that flow

~ through Sergipe State, i.e.- Sao Francisco River, Jap'tra(uba River, Scrglpc River, Vaza
‘Barris River, Piaui River and Real River.  Sao Francisco: River, which is a major river
flowing through seven states, is the most stable water resource of the sald rivers. Watcr' 3
quality, especnlly sahnc contamlmtlon shall bc tal\cn mto 'lccount for watcr resources
(Ievclopmcnt e : o : '

Although groundwater can not bc expccted o provrde as much watcr potcntlal as surlace
“water, it is a cheaper and more convenient water source. Groundwaler sources could be
made use as the domestic water for ‘small and mcdmm tou’ns, and mbreover 1t could '
complcmcnt surface water sources for urban and large. rural crlles :

. (4) Development Facllrt) Plan

Conccrmng surface water development facnllues cxammauon slnll f'nrst bc camcd out on
the plan for water convcyancc from Sao Francisco River, which possesses the most stable -
and abundant - potential. Xmgo Dam,- locatcd in- the northem tip- of thc ‘state, is a
promlsmg intake point that allows water fo be suppllcd over the widest possrble area.
Regarding the other rivers, mtakc Wurs dams, reservons and other deVelopment facrlltles
shall be cxannncd : SR

_ ln districts Wthl] cannot bc covcrcd b)' thc abovc water (.onvcyancc plan or mt’tkc wcn‘
dam and reservoir plans, the approprlatcncss of groundwatcr use shall bc asccrtamcd ,
Concerning groundwaler that possesses high salt concenlrahon thc feasrbrllty of usmg N
desalmauon to nnprovc water quallty shall be exammed ' : SR .

1

, (5l - Water Resources Management Plan ,

An. nnport'\nl factor in water resources develo;)ment and management is the achievement ,
“of an 1ppropmte distribution of lnmted water rcsourccs to each consumer sector and thei '

proper operauon of the dlstrlbuuon system ‘ ln vrcw of thls thc followmg measurcs are_ S

= rcquircd

S Settmg up of a system for coordmaung the mtcrcsts of each consumer sec’tor{ e

(public water suf ly, power cncrauon mdust ,tounsm env:ronment etc
g iy, |

- '_Parucrpauon of users and resrdents, and deccntrallzation m the area of water e
. Fesourees management and devclopment S C e

R Instnutlonal dcvclopmcnt for thc impleméntatron of muiu purposc prolccts L
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12 Future Watcr Dem‘lnd Projcction SR

l_.2.1 Future Socro -cconomic Bramcn ork

o In Scrglpe Statc the 1996 ccnsus populatlon was l. 62 mllhon or 1 03% of the nauonal

_ populatlon ~The average gro“th rafe of the state popuhtlon in 1990°s was 1.7% with
- higher average 2.6% in the urban area. Meanwhile, the population in the rural area was
: decreasmg " The state GRDP in 1995 (in 1998 market prices level) was 4. 4 billion or
- 0.55% of the GDP in Brazil. This GRDP is composed of Ist mduslry 12.4%, 2nd
mdustly 30. 2% and 3rd mdustr)' 57.4%.  GRDP in Sergipe State grew at a rate of 1.0%
~ per anhum on averagc for six years (1990 1995), whilc the annual average GRDP growth

- rate of 3rd industry in the urban area was higher (3.5%) due to the high population growth.

" GRDP per capita (in 1998 market prrccs level) was R$2,770 whlch was only 54% of the
‘ natronal GDP per caplta (R$5 160) : , o .

o Thc Serglpc Statc is composcd of 75 mumclpahtles These mummpahtlcs are dlvrded

- into 13 MRH (Homogeneous MICI'O -Regions: similar characterrstlcs in natural and socio-

- economic condmons) [‘he _present reglonal _socro cconomic framework by MRH is
j summamed as follows : ' . . -

S Concentrauon of the state S populauon for ccntml rcgron (Grandc Aracaju) i
- composed of MR- Aracaju and MRH- Baixo Cotmgmba is high and reaches
- " about 42% of the state’s one. Moreover concentration level of 2nd & 3rd
o economic sector’s GRDP for the same rt,glon is very hrgh level and reaches -
S about 75 % of the state’s one.
Ll Difference of thc GRDP per caprta among MRIIS is very wrde Thrcc MRHs
" which have rcglonal corc citics, namely MRH-Itabaiana, MRH-Lagarto and
o MRH Fstan01a, have apprommately from 35% to 40% of GRDP per capita of
 the central reg1on And ‘other MRH’ s GRDP per Caplt"i lS eshmated reachmg
l‘only from 10% to 20% of the central reglon sone. .

To estlmate future water demand it is nccessary to decrdo the futurc socio-economic
framework The' main factors: state population and GRDP to decide the future socio-
econonnc fr‘amework of the Serg1pe State are obtamed as follows

SUPES in SEPLANTEC provrded populatlon pl’O_lCCllOllS for the state with a
. breakdown of its, municipality. level during the perlod 1990 to 2010 in the
- 1996 annual pubhcatlon - These projections were based on the result of the
© - 1991census.- - In this study, thc future population is projected on the b"tSlS of
- the 1996 census résults, applymg the method of the SUPES projection. . The
P 'projected state population in 2020 is 2.78 mllhon and lhc growth rate IS 2.3%
o . on average betweeit 1996 and 2020, .
.= Official GRDP projection is not available, although the rcport of “Plano
" .. Purianual 1996-1999; Governo de Sergipe” tried to give the projection. = Only '
" the national " development plan named “Perennial-Year Plan 1996-1999,
LN Messagc from Natronal Congress” proposed the target growlh of 4.6% per
o 'i'_'}_'__annum on avcragc durmg the plannmg pcrlod The plan, howcvcr, prcsents
- the prOJections only untll the year 1999. ° After that,.no pmJecuon scenarios
- were suggested in any of the- dcvelopmcnt plans at present. ' Therefore,
7 _GRDP in the future are eslimated on the following assumptions. Till the year
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2000, GRDP of the state will increase at the same: growth rates (5.0%) as
GDP’s growth after 1997.  Beyond the year 2000, GRDY is assumed to keep
the same rate of 5.0%, in order to alleviate the economic disparity between the
national average and state level. GRDP by Sector Agrlculture Sector wnll be
assumed to grow at the rate of 1 % per annum after 1997. - The annual

- growth rate of mdustrral sector and scrvrccs sector 1fter 1997 was estrmatcd as
536 % inaverage. . ¢

" By 2020, GRDP of the state will reach to R$15 0 bllllon at 1998 constant
- prices.  Itis 3.4 times of that (R$4.4 bllhon) in 1995." Thus, it accounted for

~ 0.8% in Brazil, which become larger than the perccntage (0. SS%) in 1995.
" GRDP per capila is cstimated at R$5,400 in 1998 constant prices. " Itis 1 95

" times of that (R$2 770) in 1995 and 58% of the national average, whrch

" become larger than that (54%) in 1995. © Thus, the regronal disparity could
'_ _shrmk and thc people s lrves would get closer 10 the natronal leVel for thrs B
: _perlod L . L :

' On the basrs of the futurc populatron and GRDP obtamed as mentroned above, the two

SCCH&I‘IOS

1) Trend - Scenario “and 2)° Strategic Scenarlo for future “socio-economic

_ framework are proposed to estimate future water dernand. Summar}, of the scenarios ‘is.
shown in Table-1.2.  Refer to Figure-1:1.... For the formulatlon of the master plan'
: Slrateglc Scenarto is employed due to the foliowmg reasons -

‘ _Prospected hlgh level of concentratlon of populatlon (42% - 48%) and_ o
. economic actlvrty (GRDP 75% - 80%) to the central region estimated by =

. _Trend Scenario has’ qurtc a possibility. which break out the new problems
. regardmg to social area and enyitonmental area. And it needs a large amount
~ of investment to solve these. problems ‘ i : '

_.:_Although the rise of GRDP -per- caprta.“m central reglon 1s estrmated to be | -
- about R$3,700, those in reglonal core: cities and other arcas mrght range from =
- R$2,200 to R$300. - It means that socro economrc drsparrty among the\: L

" regions would become larger

A harmomzed development of the state is expected wrth a full use of water _ o
‘resources, human resources and other natural resources. ' From these

. ‘vrewpomts, the decentrah?ed progress 1s desuable

Table~1 2 Scenarro for Future Socro-economlc F ramework

. Hems _{f . ,Trend Scenano s :_S_trategrc_ Scenarro_- ;5-‘ P
: Scenario dra\m under the assumptron “Scenarlo ; drawn ;:" on'“- .the_;-, pollcy
: that = the present - socio-economic decenlraltzallon to allevrate the foreseeable
lteature framework will continue up to the target problems such as oVer—concentrated situation of
R year wnhoul any change e 'populatron and ‘economic’ actmty in the central
e Ll g o | region, and 167 ‘alléviate the Iarge socroeconomlc
'drsPanty among the¢ regrons
Population C<oChange> T T <o Change>

" GRDP “<<NoChange>> "~ .| T T <<No Chiange>>

i, s " Summary
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: S it (Unit:1,000 persons)
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:i,'Flgure-l.l Populatlon Pro;echon in 2020 by Mlcro reglon
: '1.2.2_ Future Water Dcmand
tl) Domeshc Water Demand Pm]ectmn o _
- The future water consumptlon rate was prOJected based on lhe aclual consumplron data of
_ DLSO in 1997. . The peak level of lhe year was multiplicd with 125% conSIdermg the
- water supply restriction in the same year.  Thus the prolected water consumptlon rate was -
sel as shown in lablc-l 3. The ‘consumption rate of public tap system in small rural area

s _was set at 70 htterslcaplta/day The whole water demand of the state by slratcglc scenario
is estlmflted at 433 000m3lday Lo i _

Table-l 3 r Pro;cctcd Domestlc Water Consumptlon Rate

Uml ]:Iters/capm!day

Reglon k| . Residential - | Commercial - {. Public L . Total
Aracaju ¢ oo o185 s 20 o s s [ 190
UbanArea 0 | 135 - | .13 |2 160
Large Rural Aréa ER PR I:Of)" L ERORE S 12 120
Smalt Rural Area - | 70~ p 0 — __M 70
: ._S‘mnm;i; :

s
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(2) * Industr nl Watcl Dcmand Pr010c11011 |

The industrial demand in 2020 is estimated at 668, 500 m /d'iy, showmg 1. 5 umcs of‘
domestic water (lemands in 2020 by stratcgic scenario, '

3 Irrlgatlon Water

Prescmly nine irrigation pro_|ecls are undcr the operahon and total w'lter supp]y volumc for
the lrrlgatlon amounts to 1,043,300m/day. " However, the 1mgatlon water demand is
cstimated to inerease to the volume of 1,850, 800m /da) by 2020 due to the proposcd elght
lrrlgatlon prolects in thc Matcr Plan. :

. 'Table-1,4_ Summary of Futurc Water Demand Prolectlon

_ River_Basin; 8. Franc1sco Japaratuba Sergl_pe Vaza Barris|  Piaui . Real "} Totalor
Mems - *_JRiverBasin| R.Basin | R Basin |River Basin| R.DBasin | R.Basin Average
(I)Popu!ataon(lOOﬂpe;sonﬂﬁ T ” S e e sl T
2000 - Trend Projectiof 212 | 92 S8l 168 | o 294 ot I8 LT50
-2010-. Trend Scenaricy : 266 | - o 1!6 ': 1,106 | - ;"- '20'3 o -3 j:.:.: 411 .—..2.,16:3

: SlrafegrcScenano oz 1241 1026 0 - 210 S361 | o0 MO SR
_2020' - Trend Scenariqq - M| 7 Lagdl 253 - 380 " ;_' 7 |- 2778
Stmregchcenarw 961 - - 163 1,327 267 - 453 | L0 I -
2) GRDP (Million RS in 1998 Constant Pnce) R R e R
_-?900 'irendPrcyeclwn TEe 352 B X 11 3,90? T 485 Tio 460 125 757,660 '

. Trend Se SR ¥ 532 = 6523 ] o166 01 ) o M|

cgrg | rerdScenariq 3 ;.;-f'- 50 IURESAA IR ISR TP
Sfmregw Sr:enarfa - 828 662 T S8 | o M4 . T63 ) 165
-202b - 'kTre.nd_Scefmr_w i 163 | 983 . 10,868 .-j;_:.__;l,om, Sl 23 1;0-'20

" Strategic Scenariol T 1,262 | . 1,080 9680 [ gt}  nsig)oaes| o
(3) GRDP per Capita (RS in 1998 Constant Price) © - =« =fis o0t o RERT
-2000  Trend Projection] - 1520 | .~ 3400 | 4,650‘

2,890 1,560 | - 1,060 | - 3.230

poqo - Trend Scenarid 1970 | 4590 | " s.900 [ 73,770 _"_'_"__2_;_'156_" ____153“0” 4210

o S!m!egr'c Scenario 2,?401 - 5,340 __‘_'___u§7l0 35401 . 2,670 iR 1L,L1SO | 4,270
sy Trend Scenario w 2300 | 669 | . 7270 |, 4310 '__,_233'7‘6‘_ RN R
o Slrareg!c Sc‘enarw 23, l90 - 6,610 7300 - 4460 - 3,390 L340 | .

(4) Water Demand (1000m*/day) : : B e T S A

<D0mesi|c Use> ~ : oo N S ; B R

2000 . Trend Projection ___'_:__'L.M_JI.2 RN T T O e R TR

- Trend Scenarief -~ 312 \' 166§ 1903 | 290 | T 453 | aslo | 3374

-2010 - ol RS IRt STPT
- Srm!egrcScenano : 429 | - 178 '1746 1 30.1. . 300 188 ) 3343
2626 TrendScemarid 480 | 21212363 | 39| s8] oa3s | adsg

<Industriat Use> o S A TR o
- 2000 TrendPro_;eclmn 82y lSl 1650 166 ] - 287 o 2374
.20'“5 : _Tre.ﬁffScenfrrto ‘;: 137 39.9 27_8_-5 -' '297 ' s 456_-77 4008

" Sirategic Scenariqt [~ 202 | 325} 2614 |0 337 507 R
2020 Trend Scenarid " 229 1 | 520 | 4640 | S22 752 ¢ 635

Strategic Scenariq 426 | - s68 | 4ans| v e08| - 913
< hirigation Water> SRt B T R IR SR S FERTIR
-1998 . Curenf o 8104 .} 260 10851 - 558 - 415] 11,0033

Strategic Scenaridd  $82 | 90 ams | e | eis | s ams| o

22000 - kstimatd 22948 | - - L 1208|3600 |- o767 ] ans| 2|

S!’("'?fﬂ'y o
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1.3 \Vater Resorl'l'ees l’otential
.'1.3.1 Su:f’tce Watel Potcntlal

Surface water potentnl for the six l‘lVClS in Sergtpe stdte was evaluated l‘rom the basm
main ramfall and flow regime analysis for each river basin. Reference points were chosen
and the main river basins were divided into sub- basms based on major tributarics or
relevant landmarks such ’iS brldges : Lo :

. _ill(l) qum Mean Ramfall an(l Rlvel FlowAnalysrs

“ Of the 59 rainfall gauges mcluded in the SUDENE (htabase 29 were selected for use in the
- water resources assessment, based on the avallabrltty of data and distribution of the stations.
Thiessen i’olygons were drawn and Thiessen Cocfficients were measured for each of the

“reference points.” Basin mean rainfall was then calculated for the sub-basins usmg the .
average annual ramfall data for the 30- year perlod from 1968 1997

. l“low reglme analysrs was undertakcn usmg the lustorlcal dat'z from the 12 ANE{IL river
. flow gauging stations. - The dlscharge at cach reference pomt was then caleulated from the

: :l\nown discharge at the gauging stations based on the ratios of catchment area and basin
~ mean rainfall. . For each reference pomt the average low flow and drought condltlons
. 'were calculated SRR : : 2

. ._(2). = Surface Water Potentlal o T _ §
- Thereare several possrble delmmons of surface water potentlal The maxrmum potentlal

is based on the average ﬂow conditions and assumes that flows in the wet season can be
stored untit the dry scason. = A more practical definition is based on the low flow eondltlon,

- for example the avérage mmlmum 7-day flow, and corresponds to the potential that can be -

- achieved without the constructlon of storage facilities.  In Brazil, the Q(7,10) indicator i rs
used as the crlterla of low flow - that is, the 10-year return period minimum 7-day flow.
" Suiface watér” potentral was calculated from the flow regime results at the most
_ downstrcam reference point (river mouth) The results based on annual average flows and
. low flows i in both an average and drought year are presented for the six main river basms in
- Table I. 5 - : : :

Table-IS Surface Water_Po_'tent__ial B

"lf_\'_v'erage ‘Annual | Ave Min - Annval - | 10-yr Min. | - Annual

‘.Ri'ver_ Basm ‘F_l‘ouf'_{' l’otenllal _ 7 day I'low_ ' Potential - 'l-da;i( Flow | Potential

N ""(ﬁP/s)"f : -"(MCM/yrj @) | M| e | ey

' Sao Franclsco |780 00'3 56,1340 1640 000' 51 7I90 - 1,279.000 -; 40 335.0

. Japaratuba 1o | 3343 L9 | e | o215 | 63

|sergipe e | a3 s b3 e [0 6s

- |vaza Barns o osea | a2 | a3 | w9 | eas2 | -'15.5

i ~-f.'_"2292_- a2 cesd | ams | 4w

o reat | 2046 | eas2 | o203 | a0 | 7L 0437‘_ 138
. Notc Avcrage Flow : . Anmual average ﬂowaldounstreachf l’t (mermouth) .

" Ave. Min 7-day Flow - 1 Average 7-day minimum flow at downstream Ref. P't. (river mouth)

10 yr Min 7 day Flow : 10- -y1 return period 7-day minimum flow at downstream Ref, Pt -
S8 FeE - {except Sao Francisco data at Propria ANEEL gaugmg station)” :

R Srmmmry
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1.3.2 Gmnmlw‘ite: Potentlal

Aquifers i in Scrglpe Shle are dw;dcd into 14 units.  Groundwater development potential
of the aquifers depends on three (3) f'ictors groundwater recharge, well capacily and
groundwater quality. ~ The groundwater development potential was analyzcd based on
Well Data-base analysis, field survey and numerical simulation. = The result of the analysis
is shown in Table-1.6. As shown in the table, there are greal differences in the
groundwater potential among the aquifers.  The integrated evaluation of the groundwater

* development potential by '1qulfcr which is decided by the three (3) factors, is shown in
Table-1.6 and Figure-1.2. - ‘The total groundwatcr development potential of all the Sergipe

_ Statc is estimated at 66.15 m3/s (2,086 MCM/ycar) and at 46.07 m}/s (l 453 MCM/year) if
water qualuy is consldercd : :

f [

* Table-16
o Groundwater | * - - Well Capacity -+ Rateof : ]  Potential .
. Aquifer Rcchargc | Expected Yield | Success Rate | Fresh water |~ Rank of
B m¥s - m’/day % s Aquifer .
Alluvium covering Sergipe! . 12.11 . 600 .| .95 o 100 - |-, AB
Alluvium covering Craton | ~. 234 600 95 A R
Sergipe covered by Barreiras . 2] 31 140 80 T -85 . AB
Craton covered by Barreiras sor g Ciogs e 9 |- B
Tucano Basin : .08 2100 760 60 - B
Sergipe Basin - - 8.54 2140 70 60 | o AB
Caninde Belt . - Co027 . oo a0 | a8 S U D -
Poco Redondo Belt =~ | = - 033 - 40 v b T A4S T 10, D -
Maranco Belt =~ . 2018 L) 40 o as 10 D
Macurure Belt 234 - i 4000 o 60 R I Do
Vaza-Barris Belt © - 505 g0 s | 400 S C
Estancia Belt 227 Sso | 10 o T s0 D
Sao Francisco Craton o3 | 40 |- | 30 | ©
llabaianabomeCfatén ; 162 - | 70 YA 3 CC
" Total - 6615 - - e
Note: - ‘Fresh water’ meanschlormeconcemrallon {CI) is less than 250 ppm. D ‘
‘Rank’; A :High, B:Medium, C:Low, D: VeryLow ;. ¢ -
Rank of | - Available Scale of
Aduifer | Groundwater Development

A

Available for large urban
Jwatersupply -

A\ ailable for m_ed_imn o
| small urban water supply

Availabl¢ for small urban
J and large rural supply

B
c
.D

[ Available only forsmall :
| tural water supply.
Desalinization is needed. -

Integrated Evalua(mn of Groundwater Development Potentlal

] Flgure-IZ

' .Snmmary v
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_ 1.3;3 Total Water Resources Potcntnl

The total basin area of the six rivers in Scrgrpc is cqual lo over 671 000 Lm , or around 30
~ times the 22,000 km? area of Sergipe state. The average annual rainfall across the state is
1,090 mm/year or over 24,000 MCM/ycar. The total annual river flow volume passing
through the state, or along the borders with other states, amounts to 58,765 MCM/year or
2.5 times the total annual rainfall.  OF this total anual flow volume, 95% is the Sao
Francisco river flow. : AT o S s

Grouudwatcr is available wrdely throughout the statc 'm(l thu groundwatcr potcntral is
~equivalent to 8.7% of the annual rainfall or around 2,086 M(,M/ycar However, if water
- quality consldcratlons arc mcluded the good quahty potcntnl is rcduccd to 1473
. MCM/year R : - -

For both surfacc watcr and groundwater hlgh salmlty is a serious problem in the northem
'selm arid areas of the statc “In order to develop the waler resources -poteritial, it is
necessary to fully consrder the water quality '1spects and 1o propose romedlal mcasurcs or
- 'operatlon and mamtcn‘mce methods to overcome these problcms

Table 1 7 \V‘lter Resources Potentlal in berglpe State ‘

: Rner Basuns - Q Francnsco Japaraluba Sergipe |Vaza Bamis| Piaui Real - | Totalor
Items - T RiverBasin| R.Basin | R. Basin |River Basin] R Basin | R.Basin | Average
Rl\'ERBASlNARLA{km‘) LT e e s Ty e
Tofal Basin Area - - - .. 640,276 .'I 7220 3,725 ] 16260 [ - 4450 ] 4798 | 671,231
| “AfcawithinState | 633000 oo o s2 013,700 | - 188 2240m 647,180

ArcacutofState - - ] i 1276 | - 1722 - 3673 2,560 - 4,262 2558 S 22,050
ANNUAL RAINFALL o7 -0 0 = -
- BBasin Rainfall {(mm/year) . e 128] o 112__ 1233 F 01318 ) 1,23‘_}' 1,090
- Annual Volume (Mm’l)'ear) S 2,206 - 4,084 3,155 5,604 S 3,161 | 24 034
SURFACE WATER R R R T o
Average F_low(m’ls) R B N 10.60 I3 81| - 1564 | 2292 2046 18635
Anmia) Runoff (Mm’, l)'ear) 56 134 L 334 436 493 723 ] - 6-'!5 53 765
FLOWREGIME(ms) - - o~ The i T '

Q-95 day (25%) = 2800 | " 1Lsif o 7 | 60 | 25,59 M16 19 g §§2§
Q-185day(50%0) - .- | - 1,990 - 436} 501 -. 864 1319 | - 752 | 2,0287
Q-275day(75%) . . - 1,143 - L2412 ¢ 2181 - 4535 | - 673 421 1,762.8
Q-355 day (93%) ‘ 1,650 | - L16f - LM} 161 - 265 = 204] - 16586
Min Q- 7day (A\e) oo e L3 o2 1203 . 1,650.8
Q(2,10) ‘ R 1279 . 044 | 0 L2817
GROUNDWATER o s R T
Groundwater Potential .~ e i S e T R
-mmf)car : e - B4 99| -8 M) 9
- Mpr_f);a.r I F. 11 8 253 ¢ oo 34l - 138

1,000 w'rday ers |7 oot | eaa [T TS s
-mis - . ] 1938 1 803 | - 10811 433__
-m’ls.’l OOOkm oo 2860 v 482 ) 3 i4 254 l?l i
Ground\\ater Potential with Good Quality (CI<250ppm) == 7 % 10 o o e T e
- Good Quality Rate : - * LM% | ?4 %l 69%]| - 65_ %_ 5 ‘”.'7.7‘77‘70% 56 %” ~ 0%
-ofyear e 6l I3 oy - e consef 30 66
- Mm*/year 4 S195 | - 334l et 239 o 17| 1453
-lOOOm’/)ear G 1,216 | - - 533 916 | - 449 co654 | - 210 3,978
-mifs o 1407 | el7| 1067 519 - 1.57 © 243 46.10 | -
- s, ooorm S e | 358 290 2030 - 178) 0 095 2.09.

TOTAL WATER RESOURCES POTENT]AL T ! : .
- {Total Potential (Mm'fycar) |- 56,578 | - =529 ] - = 770 | 6571 967 [ - 722 | 602!8
.. Note: - Total Water Resoufees Potential = Surface Watcr (Average Flows) + Groundwater {Good Quahty)

S A\ crage F Iou for Sao Francisco laLen as av crage since thc complctron of Xmgo Dnm :

S T Stmmary
S 19 :
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14 . Water Resources l)evelopment l’lans
1.4.1 Crltcna for the Master Plan :

o GoalScttmg

“Target year for the \/laster l’hn was set at the ycar of 20?0 Strateglc scenario of regloml
development for water resources development is adopted for the Master Plan in Sergipe -
State.  Water supply rate, unit consumption, water loss ratc of munlClpal and mdustrral -
water supply arc set as shown in the followrng tables.

Table 1. 8 : Watcr Supph’ Rate and Loss Rate in Publrc Water Suppl)

SMtem oo 11997 | 1998 | 2000 | 2005 | 2010 |-2015 | 2020
Mu'nicw Water Urban Area - 100% | 100% | 1009 | 100% | 1009 | 10095 | 100¢%
Supply Rate .. | Rural Avea -~ {35.0% | 37.29 | 41.5% | 52.4% | 63.2% | 74.4% |85.0%
Industrial Water Supply Rate | 5,09 | '5.09 | 5.096 | 10.0% | 15.0% | 20.0% | 29.8%

Private-tap System | 42.09% | 41.3% | 40.0% | 36.39 | 32.5% | 28.89% | 25.09

\‘.’atcr Loss Rate '

Public-tap Sy‘stem 10.0% | 10.0% | 10.0% | 10.0% | 10.0% | 10.0% | 10.0%

' ‘(2) Plannmg Crlterla

Publrc water supply systcms are dwrdcd mto followmg two catcgorles 1) urban and lafge
rural area and 2) small rural arca. . In urban and large rural area, municipal and industrial -
- water is supplied by private-tap system, which is divided into- integrated. systcm and "
' mdcpcndent system.  In smatl rural area, domestic water is supplied by publlc tap system, .
: by means of groundwater development Desahnwer is also planned 1f necessary U

' 'Agrrculturc watcr supply prOJccts are classrﬁed 1nto 1) Imgatron Pro_;ect 2) L1Vestock
PrOJect and 3) Aqurculture Project. Imgatlon waler development plan is mainly discussed
in this study, bccause necessary water amount of the others is consrdered to be neglrglble

: In thrs Study, the 20% and ]00% of Q(’i 10) is applred as compensatron drscharge tor dlrect
~ intake plan and for dam plan rcspcctwcly Low flow security in plans of weirs and dlrect S
intakes has been set (o ensure the abstraction of new development dlscharge even in the
worst drought in ten years for mumcrp’rl and industrial water supply, and in five years for |
irrigation water supply.  In the case of dam development both cases of smgle and multr-
' purpose low ﬂow secunly is set agamst the worst drought in ten years S o

Groundwater is developed b)' deep wells and followmg crrtenon are applled for the -
: groundwater development plans 1) Water supply in urban areas requrres large volmne of
water. . Pumped water from one borehole is determined ‘based on the assessment of safe g
-yield. Desalmwer is not installed and pure water wells should be developed, 2) A deep

well in rural areas is assumed to cover an area wrlh 100 pcople ‘A desalinizer should be = |

' rnstalled rf sahne water is appeared

'-'(3)‘ Desrgn (,rrterla

Desrgn of facilities in the master plan has bccn conducted m accordance wrth thc Brazrlran
- and/or Japanese applicable codes and staridards or other 1nternationall)r accepted standards
Allowable stress desrgn melhod in SlfMKS metrlc system 1s employcd

SR Summmj'_':'.f
R B T R
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].4;2 Water Supply Plans _
7(1) Supplv Watcr Shortage Watcl to be l)evelopcd

Supply water shorhge is eslnmted and is shown in lable 1.9.

:Tab‘le-_l.‘9 . ' Supply Watcr Shortage by Rlver Basm i

Unit : m*/day

’ S . SaoFrancboo| Ja aratuba Sergipe | Vaza Barris Piavi Real
Area L Mtems - R Basin RpBasm R. lfaf;a R Basin | R Basin | R pasin | 10
Usban and o | Present Capacity | 28472 14312 | 180270 24,752 9888 | 231438
Large Rural |2000| Demand | 42,395 13935 | 248422 49,403 17,916 | 407,683
Area . { v |Shorage < .. | 13923 4623 68,152 | 6868 | 24651 | 3028 | 126245
(Private-1ap Demand - - .- 97,647 49,174 | 439,622 131329 | 29860 [ 819,120
System) [ 2020 e | eaa7s | 3862 | 259352 1] 106577 19972 | 537,682
| | PresemtCapacity | . 345 - ¢ 165 ] . 418 585 | 217 ) 2179
Small Rural [2000 [ Demand — * | 10104 S aso | - niot | 1,621 739 | 7 5034
Area |- |Shotage | L 668 285 - 686 1,02 | 462 | 3,755
(Publictap [ | Present Capacity | -~ 185§ 89 24| 208 | 33 - u8|  ie7
System) 12020 | Demand © -0 | 0,797 § 809 2408 | 284 | 1408 | 10,520
o | Shonage - 612 ) 720 2,184 2529 | - 1287 9,353
| Prescat Capacity | - 28,817 14,477 | 180,638 25337 | 10,165 | 283,617
: 2000 Demand .- . | 43405 | 19,385 | 249,526 51,030 | 18,655 | 413,617
<Total> || Shotage - 1 14388 | - 4908 | 68838 23693 | 7890 | T130.000
S v, | Present Capacily | - 28,657 | . 14401 | 18049 25065 | 10,036 | 282,605
2020 | Démand 99444 | © 49,983 | 442,030 134,171 | 31,265 | 829,610
. | Shortage * - 70,787 35,582 | 261,536 109,106 | 21229 | 547,035

(2) Water Supply Plan e o ,
- Water resources development plans for mdependent and mtegrated water supply systems _
are graphlcally shown in hgure 1 4

< Independent Water Supply S} stem >

- Independent water supply systems are to supply water to the 35 mumclpahtles In general,
_the ncarer water resources are the cheaper devclopment The first alternative is
.- groundwater dcvelopment if there has good groundwater potential aqulfer In case of no
- good groundwater potential and much developed ‘waler requested surlacc water
' development by welrs and mtake pumps was adopted SR

Table-l 10 Independcnt Water Supply Systcm =

Water Resources i Munigipalities T 0 Devetq)cd Water | Remarks
Surface Water 12 Garalu Nosssa Senhora das Dores, Toblas 89 249m lday R
: w7 | Barrelo, Neopohs Santana do Sao Francisco, SR
Capela, Pacatuba, - Boquim, Cristinapolis,
lndlaroba Itapolanga D Ajuda Sama Luzta do
Itanhy . . e

Groundwater - -1 16: Munbeca BreJo Grande Ilha das Hores 30,152m’/day | 123 Deep Well
S I Divina Pastora, Santa ‘Rosa de Lima. Sieir, [ - .. b

Japaratuba Japoata Ptrambu Sao Francisco,
-Catmopolis,; General Maynnard, Maruim, Santa
| Amaro da Brotas Barra dos Conque;ros Sao
Cnstovao SLR e R
The Both Resources | 7: Malhador Rlachucto, Rosano do Catetc 68,000m*/day { 176 Deep Well
i e | Araua, Pedrmhas Salgado, Estancia . - o

o “Total i 35 Municipalities . - 187,40Lin’/day | 299 Deep Well

I U " Summary
ERSE 00 B B



The Study on Water Resources Development in the State of Sergipe, Brazil

< Integrated W'ltcr Supply Svstem

The area includes the cxisting seven systcms of mtcgrated watcr supply 'md California 1
" System for Caninde, accounting for 41 llllllllClpEllllleS out of 75 mummpalmes in Serg]pc 3
State. Compiling the on-going, existing planned md proposed projects, ten cases of -
alternative plans for the area of integrated water supply are proposcd - Of these -
'lltern'mves the ophmum plan was selecled an(l is conceptually shown in Figure- l 3 '

: }ungo Dan_1 .

Ql= };’ui.orc lV'atcl l“).clnanor
Q2= Present Water Supply )
. Q3= Development Water Amount

Caninde System
QI= 20,000 m’/day

Q2= 1,600 m*/day
1 Q3= 18,500 m’lday ;
Alto Sertao System
Sao Francisco Q1= 12,200 m*/day B S N
- Hirigation Project Q2= 6,700 m’fday Sa0 Francisco River
L 10454 m’s Q3 3,500 m’/da) R :
Serlmeja(z) S)slem' Sertaneja(l) Syslem .. Propria System
|| Q1=21,300 mday Qi=13,500 m¥day Q1= 12,700 m*day
Q2=4,700 m'{day Q2= 1000 m¥day . Q2=6,500 m*/day
- Q3— 16,500 m’/day N Q3= 6,500 m’/day - Q3= 6,200 m’fday '
SenanejaU) Systcm
Qi= 14,600 m'/day - - B Ffanﬂsse I'.Ji’_cl"_12§15_‘f_“_‘_ _'_5_1_6_0_0_@’_/9@ ______
. | Qr=5.600m¥day ]
R Q3=9,000m‘fday - 1
Deep WelliWeir ___-_'_' S 1 S E
22 200 m’lda) - Agreste System . Aracaju System | o 2 Deep Well -
. Q1= 74,300 m¥day ;.. Q1= 330,200 m¥day - 23300 m¥day -
Dcep Welll\'.’elr Q2= 12,800 m*day - Q2= 153,600 m’/day N
30,200 m*fday Q3 61, 500 m*/day g}— 174 900 n*day
B ]

- Piauilinga S}stem
Q1=79,700 m !da)
Q2= 12,200 m’iday
Q3 67 500 m’lda)

Water Conveyance |

Ilabaianmha System
Q1= 17,300 m’/da)
Q2= 4,000 m*fday .

e i Va.za Baris

Irrigation Project .

2 912 m’ls lM ax

tWa!er Com e) anee : 39, 300 m’fd a)

] \’aza Barﬂs Dam

' Q3~ 13,300 m’/da)

................................

Deep\\’elll\\’elr_ S L ' . IR
I3300mlda) A TR £

I*ig'ulfeQII.S Optlmum Integrated Water Supply Plan ;.'L o

¥

< Rural Water Supply System > | r

. Deep wells were appllcd for water resources development in: small rural areas 7
that a deep well is installed in cach village that has 100 person with the unit consumptmn :

Assummg ‘

“rate of 70 lit. lcapltalday a deep well should supply 7 ‘m*/day of domesnc water. "As

: expected yield in berglpe State is eslnnatcd to.be. 40~6001113/day, a deep Well has enough‘
potential of water, -
necessary numbers of wells and desalinizers i in 2020 are estlmated by mumclpahtles The - -
- total number of deep wells and desalmuers necessary in Serglpe State are l 242 wells and_ -
566 desahmzers R S - : B :

TS Summary

“Taking into account 10% of: water loss-and fresh water rate, the, B
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The Smdy o Water Resources Development in the State of Sergipe, Bratzil

143 ter 1gai|0n Water Supplv Phns '

- lrrigation watcr rcsources dcvelopment plan is proposed in 'l'lble L1l Of the eighl
proposed projects, Xingo Dam Pipeline PrOJect and Vaza Barris Dam project are newly

~ . proposed as multi-purpose projects with mumcnpal and mdustrlal water supply pro;cct

- Another six projects were proposul by COITIIDRO.

_In view - of water resources, the threc mlgation pro_;ccls to abstract water from Sao

 Francisco River has no water source problem because of plenly waler resources. The

Ladeirinhas irrigation projects is located in the cast s1de of Sergipe State and around here
" has large surface potential.  Although Mundeu River has no flow data, Santo Antonio
- River near Ladmrmhas site has abundant surface potem:al of about 140 mYs/km’ of

Q(7,10) dlscharge The irrigation prolects of Entre Rios and Estancinha, are localed in -
~ Piauitinga River Basin, which has surface potential of 50-120 1113/s/k111 of Q(7,10)
- discharge. fherefore lhese 1rr|gatlon plOJects are esmmtcd to be fCﬂSlble in view of water

. Iesources. .
o :-'l‘able-_l.l_l ' “Plan of Irrigation Water Resources Dc'\;elopm_ent'__: el

st lrrigalion < Average - | Peak lrrigallion cLnl crn
- Project Name | - Area lmgauon Water| * . Water ... ~ | . : Watcr Sourccs L
RN (ha) (m‘fday) _{o'hs) L o

| Quixabeira | 3668 | 95368 [ 2944 - | STR Direc ',"‘ak"’ f“’"‘ X‘“g" Da“‘

_ aTeRe g o e eServeir

-| Jacare-Curilubal : 3,681 R 113,556 “v: 3,051 | SFR: Xingo Dam Condult
-Sao Francisco | 16,000 | . . - 441,863 - 10454 SFR: Xingo Dam Conduit -
Ladeirinhas = | ~. 890 | 2?,309 0,721 Mundeu R/ JR: New Dam =
Jacarecica I © 1,100 S 49,063 - 1.097 Jacarecica R/ SR: Jacarecica Il Dam B
Vaza Barris 2,500 | 00 103,630 L2912 i f VR: Vaza Banis Dam | - -
e T I BT B L -} Grotao R. or Quebrados R. and Plamllnga
.L_ntre Rios . 261_ S 6,550 | - 0.180 ._ R /PR: Direct Intake . _
Fstancinha < | © =109 | -~ 22953 | . - 0062 -~ | Piavitinga River "~ -~
<T0ta|> : ' 28209 7 3 842,292 2[42] Co Co

144 Water Resources Development Plans by Rlver Basm

Plan of waler resourccs dcvelopment and supply in six main river basms for {he targct year '
2020 is summarlzed in Table—l l2 Refer to I‘lgure-l 5. -

(T i'i' ] ; i’fi""

; _' :-_ 1000:1\‘[6&}(
L ol | Target Year of 2020
E bt of
— . i |} 4.l L. -
= ! E
De\‘fg?gecl_ : Sao'l-‘ran‘tis'eo‘ : ‘.laparalub'a'-. -Sergipe aza “B:u'r_is s Piaﬁi _'-' . Real: L

Flgure 1 5 ' Water Resourees Development and Water Use by Rwer Basin

S R .Smmimry
i _1-14 SR ,



Table-l 12 Water Rcsources Devclopmcnt Plan bv Rn'cr B'lSlll
' (Mastcx Plan. Ta rget Y(."ll‘ of 2020)

Umt of \\.’ater Volume lOGOm lda) '

’Hre Smay on Water Resonrces Dev elopment in the State of .Se.r gape Brazil

- 842.3] - -

llems ‘ ' . F;aii?sco Jg;;malpha _Sgr-gibe‘ '[:/;i?s PjaL!I_ : Real ) th;_ll
I P"’j"“d Population "?2.920 ' ws6| 163s| 13266| - 2e0s) o sssa| s 20784
{1000 persons) - . - - -
— Urban Arca . ] 13032 121.9 12028 202.7 302.4 926 22373
— Ruial Area D 4| ae| sl ses] 162 7230 sl
(1.arge Rural) 647 - 291 86.7 45.4 1023 ‘506 3738
(Smalf Rural) 277 X IR Y 39| a7l 1623
2. Water Supply Project = T L : o -
| <Urban and Earge Rural> ) S co e R
* Water Demand — ConsumplaonBase -+ 988 - 803 6335 100.6) 1s526| o 24330] . 1,0900
— Domestic Water 363 230 2209 “32.9) 0 614 220| 4215
-~ (Urban Area) {85 1925 T0s o34 CA0r o 159) - 3759
- (Large Rural Arca) - 78| . o35 - req| i ss| 3| et 456
— Industrial Water 251 < 573 4125 62.7 912 23| 6685
* Public Water Supply = P S e B L
% Supply Water-Consemption Base o %1 I T R X 836 ‘985 24| 0 - 6143
= Domestic Water | Supply Ra | d00%) . 100% 106% o) - 100’/ 100% 100%
(Usiban Area) | Supply . 483 19.5] sy 324 490} 1l 159 3759
— Pomestic Water | Supply Rate C 85.7% 85.7k| | 85.7%| - 857% 85.7%) © 83.7% 83.7%
(Laige Rural} | Supply Volume S6F| 30 0 89 . 47) . 10s] . 52 :-'__,39.__0
» Iﬁduslriat \‘-’élc'.r Supply Ratc . ) 425/ i ?5.!% : 26.?% L 26.3%) _-!_Zg/ "53.9% 29.8%
- 7 | Supply Volume - 130 14 o3| © 1635 38.9 1.3 - 1994
¥ Supply Water - Supply Base -t .= 70 977 92| ¢ 4396 4} 103 209 ¢ 819.1
— Current Supply Capacity - Supply Basé - . 285 v H43] C 1803 237) - 7 <99 - 2814
= Developed Water Supply - Supply Base 692 349 25931 417] 1066 00| - 5312
* Private Water - Consumpllon Base s 2550 44| T 3037 420| - s41 20| 4153
% Domestic Water * - - L1j.w: o 05 A5 038 217 L0965
¥ Industrial Water Co244f 0 429 3022 46.2 - 524 "1l - 4_69:2
<Small Rural> . : S S :
% Public Water Supply (Donnsilc Wate:) v = B :
Y Water Demand - Consumplion Base - 1.9 0.9 261 - L4 31 15 14
% Supply Water- | SpplyRate - |83 833%|  sian( . sia%| . s33%| - 8ii%|  833%
. Consumption Base | Supply Volume BLE: 0.7 22 11 i - 13 95
% Supply Water - Supply Base ' 1.8 L.o08) 24 K i 105
— Current Supply Capacity - Supply Base 0.2 1 | 02 .02 0 BN
= Developed Water Supply - Supply Base S 16 0.7 22 1.1 12 9.3
% Private Water Supply (Domestic Water) 0.3 0.1 C 04 02 © 03 N
< Total Developed Waler Volume > 70.8 356 2615 48.8 W 541.0
<Develojped Public Water Supply> - i e
* De\elopmeni lI'iSIdC the Region - 2435 359 570 98.3 100 - §47.0
% Water Resources | 32uface Water 2393|169 168 98] “88f 4610}
b S - | Groundwater 42 19.0 - 402 55 13 < 86.0
Lo Within the Region 701 340 © 547 © 210 - 97 2635
¥ WalerUse - Out of thé Region Y] T ] TR 0. 2835
* Water Resource of Use inside Reglon - 70.8 156 615 - 488 21. - 541.0
#r Developed within the Region . 2107 7 xe] osa] i 210 To7f 2638
% Developed out of the Region i . © 1 L0 16| - 2068 218 ns| - as3s
3. Irrigation Water Project . ~..  © t | i.o- . R SRS IR i '
% Tolal Tnigation Water - De\elopmenlBa.se 14179 Coef c 618) 1367] 13.8 ,3656
¢ Present frrigation | Area 14843ha|  oOhal . 257ha|’ 1,100ha 2sha{ 17,123ha
" Facitilics - Water Volumc 4376 .0 124 33l 188 . 523.3]
¥r Newlmigation ™ |Area - : = 24.23%ha| . Oha L100hat: 2,500haj . 370ha|- -~ Gha 72872@7@
| facilities - | Water Volume 680.1 0 N 1036 0

His
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145 Projeet Costs
Project cost in the implementation stage is composed of construction cost, compensatlon
cost, consulting engincering services cost, administration cost, contingency and

l’ncc lcvcl for cost cstumhon is Augusl 1998, lUS$*l 18R$*¥14l 40

_ Rcsult of cosl estmnte is as foliows

R$945 80mlihon B (US$801.531hiflion)

. Water Supply Project -
- Irrigation Project . - R$427.50million .. - (US$362.29million) -
Total Cost - R$1 373 30mllllon (US$I 163. Shmlhon)
'lable 1 13 Summary omejcct Costs _ L
: : e o _ Unit: R$ million
RIS Domestic and Indus!rlal Water Supply S I
' '.r;__‘,'r__ilem' S lntegrated Indepen- |- “small Total Trrigation | Tota] ;
o W dencwss | Ruml Wis | ——"‘*‘;-! -
L. Construction Cost - .|~ 600.98 | ~14547| 6331 | '§09.76 | 354.72 | 1,6448
2. Land Acquisitionand | g | 6| oo | er | viad | raas
- Compensation Cost R R R o e
3. Consulting Services Cosl 6017 1457 633 | 8107 | . 36.65 117.72
4. Administration’ Cost 695 | 168) 073 | 936 423 13.59
| 5. Contingency - -~ =330 | f"_'8.02_ 1348 | . 4460 20.16 - 64.76
6. GovernmentTax N T SR G T S
[Grand o 0198 | 170 00| 7386 | 94580 | 42750 | 137330
Notc Goxémment Taxlsmcludcd in Conslrucnon Cosl L Ce : nl
o Breakdown of mam prOJect cost lS shown m Table-l 14
Table-l 14 Cost of Mam Pro;ect
" Proiect N o Cost .. S
PrOJect Namc (RS m:lhon) R_e_marks _
lmegraled Water SI.I_[}U ijccts s R : N
|- Xingo Dam Plpelme T 0 145.66 - | Water Supply Volume = 43,999 (m*/day)
" -|#.Propria : : ‘. 481 | Water Supply Volume = - - 6,189 (m*/day)
= Alto Serlao ©20.52 - | Water Supply Volume = 5,495 (m'/day)
- Serlaneja 73315 ] Watér Supply Volume = 6,493 (m’/day) -
- Itabaianinha C34.30 Water Supply Volume = . 13,321 (m*/day)
- Aracaju - ©285.02° - | Water Supply Volume = - 174,892 (n’/day)
| Agreste - - 8942 Waler Supply Volume = - 61,476 (m*/day)
- Piauitinga co0 0 89.05 0 | Water Supply Volume = 267,534 (n’/day)
<Tofal> | o 701,930 Water Supply Volume= 379,399 (m’lday)
| Irrigation PrOJecls TS PO T o e e
1= Estancinha - - 1.00 - |Irrigation Aréa = © 109 ha
- Entre Rios - - - - - 240 Irrigation Area = 261 ha
- Ladeirinhas ... Co 2874 - Hligation Area = . 890ha
b _-'Sao_Frz;i:ncism“‘ ce o 223,07 - |Irrigation Area = 16,000ha -
-+ Vaza Bamis ' - Low 548400 | Irrigation Area = | 2500 ha
“QuiXabeira | . .735.05- ° |Irrigation Area = "3668ha
|- Jacarecicasll v . " 44,55 - |lhrigation Area= "~ 1,100 ha
- Jacare-Curituba - : 37.85 - Irrigation Area = -~ 3,681 ha
<Total> " 0} - 427,50 ¢ |[rrigation Arca= - ' - 28,209 ha
o Summary
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1.5 Water Resources I\'Iﬁl'mgenicnt and I\-I'f'tintci'lancé'Plans
1.5.1 Instifutioml Phn

(1) Orgammnon PI'm ; S

Accordmg to the State Policy of Water Resourccs water resources nnnagement can be o
managed with the organizations shown in Figure-1.6. The SRII has to be slrenglhcnt.d to .
discharge the following major duties from the beginning period. Proposed organization at
the first stage is illustrated below. - In the future, water agency (WA) could be separated as
an independent organization for operational functions for water resources management as -
‘the second stage.  Finally, (he State Fund of Water Rcsources (I UNE RH) could bc ;
cslabllshcd for managmg thc fund from the chqrgmg systcm e :

: “ | State Domain (Sergipe) : o , : _ B " ‘Federal Domain
. N VWW 7
\ ?Naumj ol / © MMARHAI
SEPLAN EC - of 7 ‘ .
: ! C : \ é\\ate(;csourcesy/ / - (Federal)
‘\\\\\ State(‘wnculof //// r//
%\\\\ \\\\\\ N Vit Rescurces \\\ % o 27 ///
, § CosRIL \ \\\\\ SRH {Federal)
%\\\\ \ N I
) \ State Fund of National Fund of
- ‘\ Water Resources’ \ “aletRewmces
\ (FUNERH) \ . (Teiitative)
\ N : 1 /ﬁ Z 7 7
Water Agencics {3 ?‘J:;:gnﬁ?cs:; RJ.\E; S.ul»B.agin ’//j R“e‘ B;;i":' /Wa:e'rAgency 'Ri.;"e'gg‘sl;"- /\‘fa!eri\gencles L
Aol N (cmisyor Commitices B ACOT™¢ (COIDEA () of Sa0 Commitees | “(waspet i ff
Sergiﬁznljﬂ’:'am\ Japaratuba, \ot‘Saol_"rahcisco ? Saoi‘:\ancisct:!.; Fraiséo y/ 'b_l'\iauﬁsznis 7'Va.zaBamsand :
Ri\m Sergup;naﬂnihaku; N R!\err. 2 y Ri\er % 2 .;-Rne_r. ﬂ andReel Rivers Real_R‘u.'ers‘
\‘&\\\\\ OOO;: T // o
) \\\ AN\ N/ 2
C‘“‘ 0‘83“'13“ ciil Organizations le Orgamzahons R 1% SR
of - s of el I of ot Organizations of
\\a!eleCun:es % ater Resources N Water Resouries / V&faler Rgsc«l._ﬁces /
\ ________ DUIINN -}}\.\&3&\.\.\}‘:---.{/././{{/././{/.{f_-_-_-_%_-_.fff..?.!éf{..léiﬁ.-_i--.. %1 5
Se;_""'1" R e e T
Seigipe - S _icd_er_al__ RS L_ i ,S.ffg’_’f_mﬂa__. _|

I'igure 1 6 ' Organuatwn Bramew ork in |hc State Pollcy of Water Resources

. ,;'__;'-_;._';‘_:_':_"_'5 | SEPLANTEC -} S
L[ CONERW/SE_J1-++-s-=7mrcor T

: :|BasmC0mm|ttee|} """"" rnese Ll e
Lommaamaaaa au s i e SRHO - l i

Deliverative Function = -

——-~{ Publlc Relatlcm Ofﬁce |

[ Coordinator  J—— -

e F ] ey
; R . _ ] | by i :
LTI | Sectionof Water | F ool Set,non of bl e e
Sectionof .| Regulatory ¢ | ©p 0 ees s |4 Developnient and ;. Operational .~
Administration Function ™ ¢ | - ™ U BN N T P ) ! . Function’
L : ' Management S g Opeération b
N IS G AT SO I L"-___.__'_'.'_'._'____'_....._'

. Figure-17 - Organization Plan of SRH at First Stage
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@ Water Rights and Charging System

<Gnnt ofWatel nghts> =

; Allocatlon of water resourecs is fatally nnporhnt for efficient use of lnmted water. ~ The
institution for water rlghts granting should be established nnlnedntely Priority order in
the grantmg can be use for i) support of human lives, ii) keepmg natural & social
environment, iit) publlc utilities, iv) economic activities, v) amuscment. The competent
~ agency should examine the following eon(lrttons to control water quallty an(l quantrty and

- to allocate water rlghts efﬁcrentl) and equltably

]-)7 ln case of water mtake to m‘nntam water b'rlance takmg 1nto consrderatron of
B water avatlabrlrty, mﬂuence of downstream and extstmg water users
2) To promote multrple -use system to utnlue water resources el‘rectwely ..
3) _' - In case of efMuent dramage to ellcctuatc the ecologrcal balance as well as not to
"~ " decrease the avarlabrlrty of other users

: 4) \ﬁ' To avord the grant {o water use for pollutant dllutlon because the drlutlon does not
- make the quantity of pollutant ‘decrease and makes the treatment of ef‘ﬂuent
- __-diffrcult technologteally o : . o

ln the future 4 new meehamsm would be necessary for reallocatmg water to merease
_ aggregate economic benefits In advanced countrics in the field of water resources -

o alloeatlon the followmg mechanrsms are app]red for maxmnzatron of beneﬁts

< Chargmg to Use of Water Resourees >

As stlpulated in the st‘rte and fcderal policy of water resources, waler is a l.md ot economre

o goods - Optimal allocation can be achieved by charging on use of the resource.  US$50

- per lrt/sec is_tentatively set up to cover annual expenscs of WA in the future. If the -
) chargmg system takes a firm hold in the state and is accepted by water resources users, the '
' system mlght shrﬂ to market tradmg system of w'rter resourees o

| (3) Partrclpatton of Crvrl Organuatrons

Partlcrpatlon and decentraluahon is a must in thc water scetor partlcularl) in rural water

= supply, and they should partlclpate into the management “Then, they will take the .
responstblllty for their-water system “In fact, the stronger the partlcrpatron of users and '

. theit sense of ownersh1p of water system the more successful the project will be. The
. parttctpatlon of crvrl orgamzatlon rs lo put mto praetrce through CONERH and RB(,s : '

e (4) Cost Allocatron of Multl purpose Faclllt:es

' “Separable Cost Remammg Bcnefit Mcthod” is recommendable for Brazrl to allocate the
c eosts of mnltrple -use facrhtles :

S - Summary
co 118 Dot



The Strrdy on Water Resources Deve!opmem in the State of Sergipe, Brazil

1.5.2 .Water lltﬁources Conservatio‘n Plan :'" _
(1) Classrﬁcatton ol' Waters Accor dmg to the Pr cdommant Use '1 .

- Waters of upper strecam ncar the mtake pomts for public water supply and irrigation
])I’OJCClS are rccommended as Class 1. Waters whose waler thly may affect those -
sources are recommended as Chss 2. Watcrs of msrgmﬁcant use may be classrf’ted as
Class 3. - Classification with eomprchcnswe 'malyses on all t)'pes of water use 'md on
l‘uture land use devclopment is necessary for each basm :

(2). II) dro- meteorologlcal Observatlon and Watcr Qualtt) Momtormg g

A system of regular observation and momtormg on ‘Water volume and quahty by river basm by :
rcglon and by SCason should be nnplemented to assure present and future avallablhty of water.

1) - Meteorology Obse1 vation _
- 2)  Surface Water Observation
3) Groundwater Observatron N
4) Vater Quahly Momtormg _

lhe results of hydrologlcal assessment and watcr quahty momtormg should be pubhshcd |

. preferably as annual reports, T hesc reports are useful for users of water.  The -

~ publication i is also ell"ectlve for the promotton of awareness on water resources of the_
pCOplC L . S o

G Control ol' Efﬂuent Dlscharge iv

ﬂ Obhgatron of momtormg quahty and quanttty of eflluent can be attnbuted to factorles or -
~industries. < A system should be cxamined for licensing environmental audttors The
system will promote proper and feasible monitoring of efflient, - As for pollutlon control
caused by agricultural activities, close cooperahon wnth entrtles in charge of agrrcultural S
~ extension scrvrces can be recommended ' 5 N S - '

(4) : Regulatlon ot‘ Land Development and Use for Water Resources Conservatmn o

; Change in land use may cause elTects on ava}lablhty of water resourCcs in quahty and in
quantity, causing changes in regloml hydrological cycle or contamtnatlon by land users.
Land use should be regulated COllSl(lCl‘lllg waler resources conservatton m quahty and in

: quanttly . o , . :

(a) ~ Forcst Development Preservatlon and Management _7 i

£

In the rechargmg arcas for aqulfers of intensive use and of rmportance, afforestatton should L

- be promoted and forests should be preserved and well managed, .. In the rdent;ﬁcd forest _
fire protection is unportant Compensatton for restrleted land use or foreslry acltvrtles can

“be funded from collected fees in water rights granting. Forest belts along courses of u.ater , '
~ should be developed and preserved o protcct the water quahty and to prevent

sedlmentatlon n reservorrs and rivers;

(b) Restrretlon of Contammatmg Aetlvrtres near Sourccs of Water -'

,]Ilegal dumpmg along walers should be stnctly prohtbtted Waste dtsposal srtes should be"
located with sufficient distance from the areas of groundwater rechargmg and on the :

-"_valleys of rivers of Class 1 and dam reservoirs. - In the recharging areas for ground walers | L i
*of importance, especnlly, all drschargmg of efﬂuerlt to the ground should be prohtblted or .- o

restricted.

PR  Summary
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.53 - Pmposal forlmprovemcnt ofOperalron and w.llntcnance e

(1) Uiban W'tter Supply Systcm B S
< Implm ed Fffir:rency of Management of DESO >

Streamlining of the st'tft allocauon and rarsmg motivation of cmployees is common in the
management of private business. * DESO have to make annual objcctrves of sales, profits
and tasks to achieve the objectives. ~ Each section should have allocated tasks to achieve
- the norms and objeetwes with indicators to measure the att'unment Salarics and
3 promotron of each person would preferably be determined by degree of contrrbutron to the
“achievement of the normis or objechves In response to the expansion of the operation,

" the staff in: the admmlstratwc scclions should move to the operational scctions. If
ﬁnancmg cost of workmg capltal for a month is less than the cost of tarift collection in a
month, tariff colleetlon once: m two months will serve for lmprovcd efficiency.
~ Outsourcing is an effective meastire to introduce competrtlon in a monopolized sector. - To
obtam the beneﬁt of the competrtlon restlueturmg of the sectlons should follow. - -

< Tarlff Control >

- Strengthenmg the accountmg system with enhanced cost analysrs capablllty should ﬁrstly
' 'take place. In\'estrgatlon on water use should accompany. - Current tarifl structure by

- purpose of water use is preferably ch'mged to that by diameter, where reasonable allocation
. - of capital-or capacity costs is possible. © A delibérative committee should be orgamzedk
 with the lmtIaIWe of SESP." Yard- stick tariff selting should be discusséd in the commiltee.
Small users up to 5 mi*/month, as ervrl mininium, could be the target of the social tariff.
g The soc1al tfmfl‘ less than R$ 2 for a famlly 1n a month can be rccommended A system

......

-exempted The loss caused by soeral tarrﬁ could be cross—sub&dved by large users

) Rural WaterSuppl) Systcm T
' .< Responsrblhty Re‘allocatlon in Agrlcultural and Rural Water Management >

I’arts of the l'unctlons of LOH[DRO and EMDAGRO mcludmg agrrcultural extensron

: servrces should be addcd to the responsrbﬂlty of the autarchy

-. ,‘< Operatmg and Supportmg Entltres for Rural Watcr Supply >

. Basreally, water supply in small vrllages should be oper'lted by local commumtres hiring

~-one person in charge of operatlon Technical assistance, mcludmg training of operaling

.. persons, periodical facrllty mspecllon reparr and leplacement 1s mevrtable 'md should be :
= dlscharged b)' the autarchy Ce : T N T

| i3'?“:_< [‘arlff Col!ectron and Iﬂnaneral Arrangement for Rural Watcr Suppl; > E

Operatlon and mamtenance cost excludmg deprecratlon, should be covercd by tarrﬂ

: ',:"""-"'colleetlon from the’ begmmng Gradually, the tarifl’ collection should’ bé enhanced ‘to
*-. " cover the repair and depreciation cost... Repair and deprccntron cost should be collectwely '

raised: as reserve fund, * Repair or. repl’tcement can be paid from the fund. Even in that

L case; some. part of the cost should be born by the ‘community, because: full paymcnt from
the funds may sp01l the mtenlron for careful opcratlon and nmntemnce Umﬁed t'mff of

Summary
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RS 1.4/person/month can be set, despite the vari'ttiou in oper'atiug cost, with cross- subsidy
system should be examined by SAGRI because the per capita operation cost of water
supply in some small villages or villages with desalination may exceed’ the affordabrhty
Introducuon of unified tarlf ['may increase dutics of the 'tutarchy ' - :

< Fstablishmg \Ianagement S\stem ot‘ Irr rgatlou >

Operauon and maintenance of nngatlon f‘tCIllllCS should be operated by farmers

community with technical assistance by the autarchy. - The tariff should .be set to fully |

cover operating costs and mvestment costs, except | the cost for fechnical assrstance by the
autarchy. To attain the full cost recovery, careful agronomic, marketing, economic and
financial analysis is necessary in feasibility studies. - Water tariff for 1mgat|on should be
charged by volume of water used, from the viewpoint of water resources management
Payment to bulk water supplier, i.c., SRH/WA should be detenmncd by volume.  For the
equitable « demand control and proper water resources development, ‘charging to individual
farmers or o users group would preferably charged by volume as much as possrble N

1 S 4 Operatlon agamst Drought
M . Conditions of Droughts = | e
COﬂdtllOllS of droughts or water shortage in Serglpe can be summarrred as follows oA

- _' At present 65% of the rural populatlon do not have pubhe water supply schemes
.- .. depending their water supply on unstable and vulnerable ralnf'all colleeting system
. Water tank trucks of Civil Defense is dlspatched frequently ‘

. — Inurban and farge rural arcas, water shortage occurs due to 1nsuﬁrcrent capacrty of R

S the factlttles and unstable sources, and the water supply is often rcstricted

L= Even in 2020 15% of the rural populatlon will 1ot _have - publrc water supply .
: schemes and water distribution by ClVll Defense wrll strll be an - mtportant

measures in case of droughts

~ = Although in most of urban and large rural areas water supply wrll be stable after

2020, water saving and restriction in water supply will be nécessary in case - of more

- severe droughts than the designed onc except the areas whose water source

- *. depends on the Sao Francisco river or groundwater . .
—  Livestock brecding whose watering sourcé depends on “aguadas (watermg ponds) '
~is seriously affected by droughts, especrally in 1nland areas. :
'~ Rainfed agriculture is directly affected by droughts e s
— . Public water supply schemes whose water souree are boreholes w:ll have a httle R
- :damage by droughts ' co RN G

i

(2) Measures agalnst Droughts -- )

Measures agamst droughts regardmg domestlc 'lnd agrtcultural water are proposed in order o
to make effective and efficient use of lmuted water for the perlod untll stable water supply S
proposed in the Master plan is realtzcd e R e :

< 1)omestlc Water > ; : i

Against droughts 5 water savmg would be necessary ﬁrst of all In case further severe .
water ' shorlage, 2) restriction of water supply - should be conduoted Flnally, when -
mtnlmum requlrement can not bc met, 3) emergent water dlSll‘lbllll()n should be oamed out .

2
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Promotlou of \Vatcr Sa\_mg

* For the promotlon of water saving, tlllOl‘llt‘lllOll on the preseat and prospecttve avallablc
~volumes of water as well as on cffective manner of water saving should be provided
concretely and undcrstand'tbly to users. ~ Campaigns for water saving should be conducted
- through the network of Civil Dcfense whlle SRlI 'md DFSO should provlde the
: mformatlon for the effectlve camp'ugns ' :

: Water savmg for the supphers especrally in pnvatc tap system, is prevention of water loss.
" Currently, DESO is implementing a project of meter installation to detect the points of

water loss. [Llarly implementation of the project as well as subsequent prOJeets for the
: 'reparrs of detected pomts would be ll]tporl‘tlll -

‘ Introductlon of seasonal tanﬂ in pubhc water supply wrll enable el‘ﬁelent use of lmnted
* water in dry seasons, giving incentives for economically feasible water saving. - The
* scasonal tarifl increment should not be applled (o the basrc charge (up to 10m3lmonth for

L resrdentral use). ©

l_{es_t ctax_ofMer_Sunpﬂ\ i SRR RT : O
- There is an example of uneven restrtctron of water supply by areas wrthm an mtegratcd :
- water supply system. - In order to reduce overall social and economic losses cansed by

water supply restriction, aerial- drl’ference in the restrtctlon should be avorded wrthm an
_ mtegrated water supply system Lo o Lo AR

: Bottlenecks m pubhc water supply schemes al tnnes of droughts should be analyzed l‘lte

. parts to be lmproved or enhanced in the processes of the system should be clanﬁed o

~ minimize the restrrctlon of water The measures for the improvement should be exammed

~ whether the measure is feasible for the perrod up to the project 1mplemenhtron proposed in

- the Master Plan and whether the nieasure is effectwe even after thc pfolect 1mplementatlon
‘ of the Master Plan o SRR : . : '

- In case ol' the restnctton of water supply, each household wrll store the water in some

o contamers To reduce the damages of the water supply restriction, manner of storage and

 use of stored water should be guided ‘through campaigns. Collaboration with pubhc
. health sectors m Mumcrpal Governments and the State Government would be requlred

. Purther efforts should be placed for the plannmg of the emergcnt dtstrtbutton
- Information should be collected and accunlated by analyzing the data on dtstrlbutlon of
s v1|lages and rural populatton avatlable volume of water at times of droughts or in dry
~ seasons in the rural areas through current water facilities, and past and prospected damages

¢ caused by droughts, . All of the sectors related to water resources management and water

E supply in small rutal -areas, such as SRH/WA, the autarchy proposed in Section 5.3 (or
'I-_COII[DRO and EMDAGRO) should collaborate wnth le Defense for the planmng of

| eﬂlcrcnt emergent water supply

' _Corrcspondmg to development of pubhc water supply schemes in the arcas nerghbormg o
- the areas: where the water supply is: serrously affected by droughts, the emergent water -

= _."dtstnbutron can be more efﬁcrent ‘In case of some severe droughts, the water supply in

- the developed schemes can be restneted for'the emergent distribution. “Collaboration for
- better distribution programs should be conducted by Clvrl Defense and thc related entltles
- mentioned above :

SRR Summm;'-
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< Agr rcultural Watcr >

In the following section, measurcs agamst droughts in w*tter supply for lwestock breedmg
and rainfed agriculture, which are vulnerable to droughts are dlseussed

Lu_estogk Breeding

DESO has installed taps on the plpelmes of some tntegraled water supply systems and
supplled water in emergent cascs to livestock farmers ‘with some fee colleetlon lhe
emergent tap installation should be applied as far as technically possible on the water
pipelines to be constructed in the fulure. Fund raising by groups of small-scale f'rrmers
should be promoted for tlrem to apply tlns service. et e : e

Techmeal assrstance for antl drought measures or drought resrstmg lwestock breedmg '

__should be enh'ulced Loan programs with low interests or partial subsidies for borehole __
~ drilling or other anti-drought- measures by groups -of small-scale- farmers should be . -

ex*umned However in case the measures are not eeononneally feasrble, whose economre
internal rate of return are less than 5%, these measure should not be conducted or
'encouraged and it would be better to promote adequate scale or rmnner of Ilvestoek' :
breedmg sultable to the ellmatologreal eondltrons of the area, - -

B_aLlfQﬂ Ag eu ture

Agriculture is also a kmd of economic actlvrty I‘armers should take rlsks of drotlghts in
- principle,’ However, small- scale farmers do not have resources, especially those for -

capital 1nvestments " Loan programs for borehole drilling or other anti- drought measures ‘

~ by groups of small scale farniers can be recommended “Technical  assistance - for -
* provision “of information and gurdance ls iniportait for the farmers to eXamme the rtsk o

takntg Collaborahon W1th FMBRAPA 1s mevrtable L T e s T

< Accumulahon and Dlssemmatlon of Int‘ormatron on Droughts > _3_3::; -

" Data on 1) dlstrrbutron of vrllages and populatlon i) current conditions of agrlculture and

its drought resisting capability, iii) water supply. capacity of the exisling water facilities at . -

- times of droughts, iv) records of past restriction of water supply and emergent- water
distribution, v} degrees or amounts of damages caused by past droughts, vi) available water
resources in terms of quantity and quality - at times of droughts should be co]leeted
- analyzed, assessed and disseminated. . These data and mformatron should be collected in
the database of SRH/WA as an part of mformatlon system of water resotlrces management
' Studres on damages eaused by droughts ml] be necessary - T

.\

: l 6 : Implementatron Sehedule ir_i- :-!‘ : Sl

: The followmg drstmetlons ‘were - sct o glve hlgh pnonty to the water resources"f.'{;-z'
‘ development projects: l)]arge water shortage and rate of beneﬁcrarres, 2)Iong perlod for L

~ plan and construetron 3) Large constructron VOlume and 4) Multr purpose prOJect

Vlrnplementatlon sehedule for ivater resourees nmnagement plans is formulated wnth the R
. following concepts: 1) For the 1mplementatron of s sequenee of programs, a‘program, whose L

: lmplementatron is prerequisite to another program is plaeed carlier, 2) For the: preparatlon e
of a 'program of social interests or multrple sector, wo years are eonsrdered as necessary,
“and 3) 0verburden on a dtvlsron of the govemment is to be avmded

- Based on 1 the above of ltenon 1mplementauon schedules are shown in tho followmg tables

A S s Swnmmy__
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"l‘abl:c.-l.l'S | _lmp!emcﬁtatioh _S_é_hedule of Water Rcsouréés Dcvelopmént Project

|V ) ) First Stage Fourth Stage
Proposed Projects 2000 - 2004 2015 - 2019
' 00301 19[20]
A Waler Resources Development Project
1 - Industrial and Muricipal Watér Supply
1.1 Urbanand Llrgc Rural Aru (Inlegrate\l Syslfm)vi
__a P&'o;edE\pansmofSao Ftam‘lsco Pipline S)skm H#Eﬁ ,
b ijoct L\pans:on ongresle Pipeling S)s!emm e
7c‘ij-c\tf I:‘;panson of Plaultmga P-pdme S)s!em sl
4 Asacaju Well Dc\tk\p(rwn! ijecl ol o ﬁ‘# R
¢ Project E\pansim of itabatanicha Pipeline S)'sl.ernr #:?ﬁ:
| ﬁoj&tﬁxwﬁsibnofﬁofﬁa Pipeling Systern ' b
g 'ije;; i—fxpansioh of Alt) Sextao Pipeliné Systen " 1
_h Project Expansion of Serfaneia Fipeline S)'sten'n—mmw H 1
1 Xingo Dam Pipetine Frcject B P - 1
"} VazaBaris Dam Project IR el o
1.2 Urban}nd Eargé Rueal Aréa (Il-ldepend'énIS)stém) S R B B e ]
1 Small Rural Area (\Iunklpal Water Supply OnI)) : gt iz g His
3 Iérigation Water Supply - . :
a Quiabsia 0 -0t o 363%ha
b JacareCuiths. .0 1o 368tha | [
ﬁ‘__:-:SaoFrmis_c_o _," coenl 16000ha -
& Jacareﬁca![ B PP i.loaha lﬂ! o
2,500 ha
261ha e
“ oh wru _ 109h 3
- Note: '“ Plar)‘a.ndrli‘),ersign- #h‘# Costruction -
[B Water Resources !\ianagement Pragram_ o
1 Ihsi_itutiona! Pian '
a - Grant of Water Rights R t: E
-b nging!oUseoﬂValerResbqr_ces ; bt St e ) P
€ OrgamzalmSetup . S .“'! Ll BT o G #5#4 .
4 Cost Ailc-cauon forMuTu pmposcFacﬂxucs_ e "" o fﬁf #i-:t : i#ﬁ -
1 Water Resources Managemtnt Programs
Improwm;tm'éﬂinmcyof“’alcl Supply N .
- it Urban and Large Rural Afeas’* . 410005 00 :
| b Maiagement Systemof Rural Water Sevices o sl
3 ,\lanagtmenllmprm ment oi\\'ﬂer Supply i N
Wﬁam Class:ﬁcabonsofWalers "" had s b ; ’r#r
) .Enhamemenloﬂl)ﬂre!ogscal:\sscssurcn! heid Raad ud E<2H ; J;‘#i f-’#i iH 0
- Wl Quahinon;%omg Ttz i T [l s 5| -
4 E.stabhs}mgaS}stem for. FIT!uentContml Liat Ran iR
~ ¢ Regulation of Land Dev.e!op.ne;uamwsc LOE. A*;., a
4 Operahon against Drought ' 3 B, 2 i i

Nete: **: Legislative arrangement, msuluuonal sel-up, initial training or olhef preparations
o ##: regu!ar npcrallons and managcmenl “Ilh gradual enhancemenl and peﬂodical mstt[ulmnal FEViEW

Summary
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1.7 . Evaluatlon of the Master Plan -
1.7.4 chhmeal I valuatron

The proposed Mastcr Phn of Water Resourccs Devclopment in the State of Sergrpe was
planned accordmg to the following technical information, standards, judgment 'rnd proper
planning procedures and is assessed to be lechmeally feasrble asa rcsull :

1) F he mformauon related to socio- cconomic conrhhons, topographrcal and lrydro- :
- geological conditions, hydrological conditions, cnvironmental conditions, water
- usc conditions and so on are collected from the data and information that the

Federal Government and the State Govérnment own ‘and was applied to the Master L
© Plan after precise cxamination and careful selection. - And the standards - S
established by the Federal Government were applied for the planmng and desrgn =

“required in the Master Plan. However the mternatlonal standards such as in
- Japan and USA were also used when neeess*rry ' '

2) The long term prolectron of the state populatlon for the estrmatron of futtrre water
" demand was conducted applymg the same method of the State Government based
- on the latest populatron census of 1996, However, population decentralrzatron

was reconnnended in the Master Plan to allevrate the centrahzatron of economy L

~ and populatron in the st'tte capltal and to mltlgate the econonne dlsparrty among
reglons ' Co : : P o e

3) To attain the sustamable water resources development the plan was estabhshed S
- based on the study of possibility of safe water supply cstimating water resources_ :
potential by regions and considering’ probabrhty evaluation. . Concretely, -

“probability draught discharge for thé surface water and safe yreld for the;-_

' groundwater were apphed in the Master Plan

4) . The projects were planned suttrcrently for lt}-year return perlod draught year as to‘f '. N
- the safety of supply. - Current water supply sysiems don’t always mamtam the -

safety of supply. - However, when kept meehanrcally in good reparr as proposed_
: .rn the Mater Plan, the safety could be lrt’ted asa result. ' S

- 5) The catehrnent area should be found near the demand area ﬁ‘om the economle _
L vrewpomt Therefore the resources that contain small quality problem such as
~ high sahmty concentratron surface water and - groundwater ‘were “also
 recommended_ for development The simple desallnatron equlpment for rural

- water SUpply in the semi-arid regron and surf‘rce water quahty |mprovement of :

- Vaza Barris dam by stormg mundated water are the good examples

- 6)  The information and opmrons concermng the basic polley of the Master Plan and
T alternatives of the plan were exchanged aggressively between the Study l"eam and
' orgamzauon related to water of the State Government through 10 workshops

lhc proposcd Master Plan of Water Resources Development m the Serglpe State was set_" :

for target year of 2020 based on the populatron and economic growth projection conducted e

by the Study Team. Therelore the plan should be reviewed and changed if necessary' i,

- according to the change of soero economrc condlttons and accumulated collectrons of LoE

- hy drologrc data.

 Summary
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1.7.2 Soclal I‘valuatmn S :

. Incl case of Fmplovmeut Oppor tumtv and Actn rttmn of Regwnal l* conomy

~ Construction works for projects such as dam and pipelines for ‘domestic and industrial
water supply and irrigation water supply would offer a new labor apportunity to the people
unemployed and underemployed of the region in construction sector itself and the related
- sectors.  The consumption by the workers will stimulate the business activitics of the
,‘ region. . Thus, this increased consumption by new workers will induce a multlplred
economrc cflect to thc region, whrch acttvate the reglonal economy asa whole. '

.(2) ;. Improvemcnt ofSafe Water Coverage and Publlc Hyglcne S

~ After the completron of the pro_iects in 2020, all mcrement'tl urban populatron and 85% of -
rural populatton (only 37% in 1998) eould enjoy their living conditions with safe and .
- sufficient potable water. According to the water use survey conducted by the Study Team
. ‘on August 1998, almost all (93%) of rural inhabitants without residential water supply
: systems desired an mtplementatton of the pl‘O_]eClS for prlvate tap system in the atea.  The

- most rermrkable reason that was seen in the survey was a hyglemc mrprovement in Agreste - -
- ISergtpano meso-region, while stable supply in the rest of meso-regions.  Also accordmg

to the survey, those mhabrtants spend around 2 hours for carrying water to sattsfy their
. demand for living. . The expansion of potable water supply could decrease water- borne
 discases and mortahty rate in the region. ~ And it is clear that the inhabitants not supphed )
- with potable water at moment in the diellings can reduce significantly the time spent for '

- : carrymg water These tlmes saved could be used for another elTecttve acttwttes

Mmgatton of Fcononuc Dtspant) and Allcvratron of (,entralrmtmn in thc State Caprtal

o :lhe mdustnal water supply rate currently assumed at only 5% of the demand - The ._
mdustnes supphed by public ¢ entrtres pointed out instability of water supply They are not

' _5_: .. satisfied completely with current water supply system. - Consrdermg this, the mdustrlal
- water supply rate will be lifted to 30% by the target year of 2020 in the master plan.

h lmgated agriculture projects could produce many benefits as follows: 1) higher yields per .
unit arca of land, 2) extension of cultivating season and possrble multl -cropping, and 3)

. safe croppmg pamcularly durmg droughts and so on. - Thus, the projects will alleviate the -

- 1mpact of water scarcity in the’ project arca of the state that will attract the manufacturmg :
companies to set up its plant in the region and also give agrlcultural farmers an incentive to

- cultivate harder That will stimulate intensively regional economic activitics and bring :

- the people more sufficient living conditions there.  As a result, it could lead the mitigation
'_ of economic drsparrty compared with the natlon level and the allevratron of economlc 'md .
. demographlc centrahzahon to metropohtan area hke Aracaju '

-u\

o 173 Economlc Evaluatwn _i. o

o _54 pl’OjCClS are analyzed in thrs sectlon 10 prOJccts of Integrated System 35 pmjects of
- Independent System, Small Rural Area System in cach mumelpahty (aggregated to 1

| protect for analysrs) and 8 prOJects of lmgatron Water Supply System e

o F or economlc evaluatlon, Economic Internal Rate of Retum (l:.]RR) of the pl’O_]CCt is used -

' -':to ascertain the economic vtabtltty In addition, ‘other economic indices such as Net

" Present Value (NPV) and Benefit- Cost Ratio (B/C) are also uscd to venfy the economic
" viability. Several conditions and assumptions are apphed in esttmatmg cost and beneﬁ '

X -oon the basrs of economic value to'get these mdtces

Lo e o Srm:mmj;
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The EIRR of total (54) projects resulted in 13.1%. The EIRR of 37 pr'ojects or 70% of 54
projects exceeded opportunity cost of 10% As a whole, thc pmJeets are assessed to be in
“cconomic cfficicncy and worth promotmg eIy R

: Table-l._lo Economlc l«fﬁclcncy

(l) Domestlc and lnduslnal WaterSupply Pro_;ect RN T S T ] IS I R A ks
(1- l)lntegrated System . - : - 108 329 0| . o6 -
- 1) Project Expansion of Sao I‘ranc:lsco Plpelme S)’stem D Y 343 - LIS
. 2) Aracaju Well Development Project ¢ .. -7 b o136 [ 100 ] 0 128 &
3) Project Expansion of Agreste Pipeline System .. { 82 | = -48 . T 086
4) Project Expansion of Plamlmga P|pclme Systcm ] 256 190 | 159 ¢
'5) Xingo Dam Pipeline Project = = L SR 8 TR (R I A 076
6) Vaza Barris Dam Project - - o o0 2 {3t | T L9
- 7) Project Fxpansmn of Itabaianinha Plpelme System' RREN W S0 T 067
_ 8) Project Expansion of Propria Pipeline System ™ - 8 |3 | 126
9) Project Expansion of Alto Sertao Plpelme System | #4838 | 056
10) Project Expansion of Senaneja Plpelme Syslem bw | loe | 036 0
(1-2) lndepcndenl System . e BRI N e Y N 182 -
(2) Smiall Rural Water Supply(Smgle Wcll Syslem) ol b eraaes b 0as
(3) ‘Treigation Projécts = - i : ool T2 ey L 148

‘) Quisabeira o T STl 69 04 [T 103
2) Jacare-Cutitiba = 0 ool s hnas il o g e 37 o | e

'3) Sao Francisco = - ¢ Lo ociooo b o3 |83 w168
4 Ladeirinhas 0 - T oo 02 T T [T 102
-5) Jacarecicall " i o oo a3, b a163 | 085
L 6)VazaBares © .- o s i b s o 18 s 1de
MEwreRios o oo aa - [ e ] e
. 8) Estancinha - R Coldd 00 T 122

. <<Total 0fPr0jecls>> (1)+(2)+(3) o3 2072 ] s 123
(4) Multi-purpose Projects ..o oo o T e T
- Xingo Dam Pipeline ~ - @ - oo o152 0 ] 654 | 133
-Vaza Barisdam . .- 0000 T 2129 ;249 0 oo L26 -

-~ Main Assumptions: Price L e\el { Augustl]998), Opponumly (,osl of Capnal (10%) Slandard Comers:on Factor (0 85)
_ Nole #(negame EIRR) ] i : LT T ) L

- (1) Water Supply PrOJects A

- Generally the mtegrated system is coslly However the F[RR of ﬁve prOJects exceeded

the opportunity cost of 10%. The EIRR of the Integrated System resulted m lO 8%,
' sllghtly above the oppor‘mmly cost lhough ﬁve pro;ects resulted in less than 10% TR

Independenl System rcsulted in good economle efﬁc:eney of 27 7 % mamly due to the_! :

- lower investment cost. + The FIRR of lwenty-five prOJects execcded the opportumty cost
: of 10% ' L :

Sma_LRu dl\_ate__sup_px DRI ey et e
Itis qulte cosily to provide water to snmll mral area lhat showed the negaIWe h[RR

N SRR Snmma.ry
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(2) o Inlgatmn Watc: Supply I’wjects

‘The BIRR of all pr0]ects rcsultcd in 17.2 %. The FIRR of six projects out of total (8
projects) excceded 14 %. " As to the Vaza Barris, Ladeirinhas™ and Jacarecnca 11,
investment cosl per hectare is terribly high due to the dam constructton Howcver the
Va/a Bams pmJect rcsulted in 15 0 % of EIRR that mcans to be in economic v ablllty

'(3) Multl-purpose Pro;ects o

" The EIRR of two Prolects exceed oppcrtumty cost of 10 % respecllvely 'lhe bolh
- projects are assessed to be feasible.  Xingo Dam Pipeline Project showed higher EIRR of
15.2 % duc to economic contnbunon of agriculture sector. However, Vaza Bams Dam

_' Pro;ect snuated an advantageous posmon in both domestle and mdustnai scctor ) S

: 1.7.4 Fmanclal Evaluatlon

o ;l Domestnc and Industnal WaterSupply Pro;ect _
'_ _Water supply lnveslment was mostly prowdcd to DESO -and COH]DRO Thc avcragcd

~amount during 1994 to 1998 was R$ 20.3 million. The amount was 3. 1% of the tax

revenues in the state budget. - The public entities spent R$ 24.0 million on average during -

1995 to 1997, more than prov1ded from the state budget of R$ 14.8. . They have raised the

" difference mostly from the state banks generally w:th the condltlons of long teml matunty
'and low mterestrate. , Pihe e e - it

S The amount of water supply mvestment in the Master Plan was esttm‘tted at R$ 950 mllhon. :
s However 70 % (R$660 mtlhon) of mttlal mvestment concentrate in the ﬁrst decadc

'lhc amount of water supply mvestment in the state budget was 3 1 % of the tax revenues

on averagc during five years from 1994 to 1998. - Tax revenucs would increase gencrally
. with economic growth that would take place. - Thus the future amount of water supply
~investment during 20 yeats from 2000 to 2019 was estimated at RS 900 mlllton For the
ﬁrst decade the amnunt would be R$ 390 mllllon : S : -

~ lhe water supply mvcstment of the state budget is consndered the prmcnp‘tl source of funds '
- which woutd be R$ 390 million in the first decade and R$ 510 million in the sccond decade.
Public ent:tlcs are assumed also to share the financial burden: 10 % of the initial
. invesiment.” Asa result, an amount of R$ 210 mllllon ‘should be raised in the first decade
" as shown in the Table. Howevcr, initial mvestmcnt could be covered enfirely by the state -
i budget in the second decade, morcover the excess amount of R$ 250 mllllon could be used i
,as a repayment source for debt ' : I ' o

Table-l 17 Fstlmated Sourcc ofFund fnr Water Supply Pro;ects c |

Cltems B " decade_ 2™ decade | - Total . Remarks .
Initial investment .~ (RS million) | -~ 660 | 200 | -~ 950 | MasterPlan .
MSWourc'e'ofFund e (RSrn;iHion) 450 o540 - 990 - State own fund = - - -
'State Budget . . 390 | 510 000 3.1 % of fax revenmue
Public Entities . © - e [ r 30 | 0 900 | Self-finance (10%)
Balance ~ . (R$million) | (%210 © | 4250 | 440 | Amount to be raised (*)
. | . - T .Summary
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Judging from the current debt service ratio which was 7.7 % in 1998, the state government
financial sitvation is expected to keep stifl healthy condition if the additional funds of
R$ 210 million would be soft lo‘m wnlh long term m'nunly and low mtercst ratc

The recovcry of ﬁn'uu:mg cost (R$ 70 mllhon) in Ihe rural watcr supply cannot bc cxpcctcd
As to domestic water suppl), some portion of the cost could be covered by the entity in the _
second decade after expansion of the service and enhancing the mamgemcnt cﬂicnency
So ﬁn’mcnal burdcn of thc Slate Govcrnment could dccrcasc in (hc sccond decade

(2). Irrlgallon Watcr Supply Proy:cts :

_ In thc Master Plan lolal initial mveslmcnt cosls for 8 prolccts amount to R$ 430 nnlhon '
. However, 70 % (R$280 mllhon) of costs concentrate in the first dccadc lhc funds for
- investment costs should be covered by the State Govcrnmcm 001131dcrmg (hc swc of

mveslmcm costs 'md fi n‘mcnl condlllons of 1grlcultural producers -

1 7 5 Inmal Envlronmental F\ammahon

"~ The Imtlal Impact Assessments on each pro;ect ldentlﬁcd in thc Master plan Study were

" conducted. - Environmental items on-the social and natural envifonment, and the T

envnronmental polluuon during the conslructlon slage: and’ operation slage was checked
ihc resuh of the asscssmcnts and lhe mltlgatlon measurcs are shown in Table-l 18

129
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Result of Initial Impact Assessment on Each Project

Table-1.18
Assessmieit ) T e - '
Project (Construction [ Main Environmental Problems Mitigating Measurcs
- d 05""3"0“) : B, " /Remarks .

lnlegraled Waler bupplj System

Dust, noise, vibratien and teaflic jam

Machinery control.  Propre consteuction ptan.

Serianeja Pipeliné Project

Dust, noise and vibration dunng

‘ eon;lrucuon W orks

Project Expansion of Sao B/D
Francisco Pipeline System o [during construction works.  Water right.{Major impacts are limited at conslruction slage,
Aracaju Weil Dey e[opmenl D/C - [Noise, vibration and turbid « \\atei during |Machinery control. - Propre construction plan.
Pm_[ecl -+ [eonstruction works. Water quality monitoring. .
' © 7 ISaltwater inlrusion. : Major impadts are limited at cons!(u-.lion

Project Expansion of - B/ D Dust, noise and vibration dunng Machinery control.  Propre construction plan.
[tabaiana Pipeline System S construction works. Major impacts are limited at construction siage.
Project Expansion of B/D Dust, noise and \.lbratmn dunng Machinery control.  Propre construction ptan.
Agreste Pipeline System S construction works. - Major impacts arg limited al conslruction stage.
Project Expansion of B/D  {Dust, noise and Vlblallon during Machinery control.  Propre conslruction plan.
Plavitinga Pipsline System | - - "~ {construction works. Major impacts are limited at consiruction stage.
Xingo Dam Pipeline Project B/D + iDust, noise and vibration during Machinery control.  Propre ¢onstruction plan.

) R ’ ‘. tconstruction works.  Loss of vegetation. [Major impacts are limited at construction slage.

s Sl e At [Waterright. i+ |Reconsideration of water sight.

Vaza Bantis Dam Project . | - A/JC o [Relocation: Dust, noise and vibeation  |Propre retocation plan and compensation.

. - - . [during ¢construction works. Lessof . |Consideration of dam design and operalion.
vegelation, Change physical ... .. |Machinery control.  Propre construction plan.
enviconment. Change of hydrological [Creation of buffer zone Monitoring program.
situation.  Effecton fisheryand -~ Edmahon prog(am o o -
ccosystem in'downstream area, . g

- <o fn ncrease in water botne disease. : s - S

Project Expansion of B/D ¢ (Dust, noisé and vibration duiing - |Machinery control.  Propre construction plan.
Itabaianinha Pnpe!me oo leonstruction \‘.orks IR Major impacts are hmlled at conslruclton stage.
System ! o s :

Project Expansion of . -, B/D .. Dust noise and v:brahon dunng Machlncry control. Pmpre construction pTan
Propria Pipéline Sysiem 7 Jeonstruction works. Major impacts are limited at construction sfage.
Project Expansion of Alto © BID - |Dust, noisc and vibration durmg Machinery control.  Propré construction plan.
Sertao Pipeline Project -~ | - construction works. Major impacts are fimited at construction stage.
Project Expansion of : B iD - Machinery control.  Propre construclion plan.

Ma)or |mpacts are Immed at construction slagc

fndependent YWater Supply S) stem

B/D

: D_ust, noise, \'ibralion and traffié jam

Prople construction plan.

$a6 Francisco River Direct Machmei) mmml
Intake Projects . - du;ing construciion works. Water right.{Major impacis are limited at construction slage. |
Deep Well D\,\elopnlent “ BIC - |Noise, vibration and turbid \\aicr during {Machinery control. Pmpre consltruction plan
Pro;ecls : anom T |consliugtion works. Water qualily monitoring. - o
P o - |Saltwater intrusion. Major impacts are limited at conslmcllon =lage
Ri\'e; Development Projects B/C - |Dust, noise, vibration and lulbld water  [Machinery control.  Propre design and
o L - SR dunngconstmct!on works. Inéréase in [consfruction plan - Water quahl) momlormg
water borne disease. i . jEducation program.
Jablben l)am Rabmg . - BJC  |Land acquisition. Dust, neise, - ﬁf’ropre compensalion. Consuduahon of dam
Pro_]ect L c vibration and turbid water during = design.  Propre construction plan,  Turbid
. ; construction works. ~Loss of vegetation. jwater control.  Education program. =
L e . lncreasem“alerbomcdlsease : U S T
Small R'glral Water Supply Co : : . : : .
Single Well S)stems el BlIC Nolse vibration and turb:d \\aler dunng Machinery control. Pmplc construchon p]an
(Publlc Taps) i St leonstroction works. -~ |Water quality monitoring. ST r

" {irrigation Water Suppl)

* ISaltwater inlrusion,

Major |mpacts are Immed at conslmcnon s!agc

- BIC

Turbid waler duzing construclion works.

Jacare-Curiiuba Irrigation”

Salt damage. Increasein water borne
discase.  Water right.

© 1Quixabeira Jrrigation Machme:y control Pmpre design and
D Salt damage. [Increase in waterbome  {construction plan.  Soil quality momtonng
o © . |disease.  Waterrighl. ’ Education program. -
B/C Turbid water duting construction works. |Machinery centrol.  Propre design and

construction plan.  Soil quamymomtonng.' ;
Education program.

Sao Francisco lrrigation

Turbid water during ¢onstruction \\orks

Machinery conirol.  Propre desugn and

Salt damage. _ Increasé in water borne  |construction plan Sonlqua]ltymomtonng.
L o SR IR discase Walc: right, B o Education p‘rggiam
Ladeirinhas Irrigation =~ D/D - v . DI . here
Facarecica Il ligation . " BIC Dust, noise and lurb:d water durmg Machmcry contml Proprg design and
R - fa constrvction works.  Salt damage. censtiuction plan.  Soil quality monitering.
Vaza Barris Irigation B/C - [Dust, noise and turbid watér during Machinery control.  Propre design and )
e i ST v (eonstiuction works. - Salt damage. - - ¢ Jeonstruction plan.  Soil quality menitoring.
Enire Rios Irrigation SpID L R R
Esfancinha Irrigation CDID - -

Ai High Negative Impaci,

B Low Ncgah\t. Impact

“C: Unknoswn Impact,”

I3 No Impact -

i 30
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