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

' 2 4 Aglllculttrlt‘tl Water Demand Projcction

In general agrrcultural waters to be evaluated for water resources development are
irrigation, water consumplion by livestock and fish culture.  Since water consumption by -
*fish culture itself will be negligibly small, only 1rr|gatron and water for livestock were
exammcd to cstimate future water demand.

2 4 1 Pro;cctlon oflmture Agrleulture _

To estimate water demand until the target year 2020, it is necessary to pl‘O_]CCt l'uture
agriculture in Scrgipe. . Based on analysrs of agrrculture statistics, the following projection
and assumptrons were m'rde

1y Sincc crops are _diversiﬁed dependlng on market 'productlon of traditional field
- crops will be decreased. - However, state self su{hciency of staple food, such as
beans and cassava will be mamtamed :

: 2)_ Productron of frults wrll be mereased

3y Cultrvatron of vegetablcs such as tomato cabbage lettucc 'md SO on, for the
SR __supply to u1ban areas will expand : ' |

4) ' Imgatron will be applled to cash crops such as frults and vegetables rather than -
. traditional field crops (beans sugarcane etc). - o

- S) _ Produetlon of livestock wdl fluctuate dependmg on the market howcver al least
. average ﬁgures in the last 10 years will be mamtamed ; = .

. 6) ~ Irrigation will not be applted to pasture due to its hrgh cost m Sergrpe unless new _.
7 breeds with good profit are infroduced. N

'7) ~ Increase (1 %) of fumre GRDP w11[ be achlevcd by exPansron of rrrrgatron
' pro_]eets R ' -

__242 FutureIrugatronAreas o

Irrrgatlon potentlal areas were exammed in terms of sml propertres and topography, and .
- successively future irrigation areas were determined for water demand pl’O_]CCllOIl 1n terms

. of cllmate water quahty and future agrleulture prOJected

| : '(1). : Sorl Propertres and Topography |

" Based on soil data and a soil map (1/400, 000) avarlable in “Exploratory Research —~
- Recognition of Soils in Sergipe State” (EMBRAPA and SUDENE, 1975), irrigation

-~ potential of soils in Serglpe were examined in cooperation with EMBRAPA, Recife. The
", soil map with scale of 1/400,000 is good enough for only initial identification of irrigable
sorls Thereforc sotl nwestigatron in morc dctall is rcqu1red for the further study '

The results are shown in Flgure-2 1 and Iable-2 il In general so1ls extended in the
 tropical humid regron (near. coast) show characteristics of low fertility and low salinity,

" while soils in the semi-arid region is fertile but their salinity ranges from medium fo high.

" Table-2, 11 shows that 15 % of the state land, 330,800 ha, is possible to be irrigated;

" however, Ce, BY, V, Ae and NC class soils require specral management for salinity, such

_ - _ as leaching, selection of crops by salinity tolerance and so on. Exisling inigation projects
- are_located mainly on PV, LV, PE and NC class sorls Projects on NC class are
susceptlble to sallne problem S -
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Table-2.11 Sefls Suitable for Irrigation |

CSIZ':S .o Name K?éin(?.gi) l;‘;::h Drainage | Fertility| Salinity | Irrigation Class
Ce¢ _|Eulrophic Camblsol 16,000 M1 © H M-~H 35,25, 45
BV _|Reddish Brunizem 4600 1 “M M-G | H M Ist, 25,45
V |Vertisol e 4,700 D P H M-~H 2s, 43
‘Ae |Eutrophic Alluvial Seil - b 8200 - D P H M~H 25,35, 45 -
PE |Eutrophic Red Yellow Podzollc Sonl 106,100 | . D <} G : M L " |2s,2st,3s, 35, 4s
LY |Red Yellow latosol 44,700 D - G "L Vi, s
PV |Red Yellow Podzolic Soil 74,900 D . G L~ VL 3s Ist |
NC {Non Calcic Brown Soll 37,200 M M H M-H - 4s
RE Regosol 34,400 D - E L VL 4s

e " Total 330,800 | © - L - - -

Ratio to State Arca{%) - - 15 - s - R B o

Vli:iverylow .-

. H: high, M:medium, L:low, D: deep, G good, * P:poor, E:excessive, :
1: most suitable ~ 6: not appllcable

Ierigation Class was determined based on eriteria of U. S. Bureau of Reclamation. -
Subscripts of irrigation classes denote deficiency.  s: soil, t: topography * )
Source evaluated by EMBRAPA Recnfe based on "prloratory Research - Rccognmon ol‘ Serglpe Sml"

® A T SO e
In general climate factors in Scrgape, cxcept ramfall are sultable for agrlcultural pracuces

- Seasonal and spatlal variations of rainfall require proper ‘selection of crops and cropping
calendar for rain-fed agncu!ture in the tropical humid (Leste) and troplcal sub-humid

Chmate --

- (Agreste) reglons while irrigation is necessary to grow most of crops in the semi-arid

*--‘212

_ - (Sertao) region. If annual fluctuation of ramfa}l is considered, mlgatlon should be_
7 promoted to ensure and mcrease productwnty even m the Leste and Agreste reglons

: -Potentlal evapotransplratlon or reference crop eVapotransplratlon (ETp) is another chmate
factor to examine necessity of irrigation. - ETp was estimated by Penman:Monteith
. equation, using meteorologlcal data from 7 stauons (see sectlon 1 4) as shown i in F able-

2 a=025

b=05

. degiee: | degree south for latitude and degree west for longitude - f':!

- EL.

_Penman- Monlelth equallon was used in Potential [:vapolransp:rauon calculauons '.mh ihe rollowmg \alues e
for Angstrom s CoeRicients: L . . ‘ oo

_ - Tahle-2 12 Potentlal Evapotransplratmn o o
- Siation Name Catifornia Cotmgulba Jacarecical Piavi - | Boguim | Jabiberi | Airport
Altitude (EL.m) | 2070 | -+ 7.1 161.0 160.0 | - 1640 | - 177.0 9.5
| Latitude (degree) | ~ 970 | - 1027 | 71073 | - 10.93 1114 | C 11.08 10.98
Longitude (dcgree) 37.82 | - 3635 © 3733 - 37.65 - 37.62 37.95 37.07
Data Available Year | ~ 89-97 90-95 - |  89-97 '90-97 | - 75-97 |  89-97 85 97
s TR T Polentlal Evapotransplrat:on (mm/month) - ¢ :
" |January 185 170 180 162 - 150° | 169 | - 159 :
February 169 - 150 - 15_9_W - 143 127 . .] . 151 - 143
March 175 162 166 |~ 150 142 | - 160 153
~ |April 135 127 122 ] 118 108 . 120 T 126
- |May - 113 102 102 | - 100 95 101 116
2 [June 92 | 87 |8 |8 | 8 [ 8 -] 104
Sy o) 96 94 | 90 |8 | 8 | 8 | 112
o |Augast - o 120 - | 104 - 104 -97 1 - 9% | 101 - 117
" September = | 147 7 | 120 | 120 116 | i | 122 | 124
2 {Octobér ot U186 144 | - 158 | ¢ 149 136 | 160 144
* INovember - | 186 . 143 o164 183 137 - [ 159 147
December - 187 - 165 178 170 145 .| = 173 ~ 150
Total - 1791 1,568 - | 1,628 | 1,524 ~ | 1414 | 1,586 ] 1,595

" elevation above mean sea level, Data Available Year: year ; avallable for meleorologlcal data - i

iNollce Sunshine duration was estimated by a relatlon beh\een ba:omelrlc pressme and temperalure due to no da!a
avallable fo; Cmmgu:ba and Alrpon IR -
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' The Study on Water Resources Dévelogrn ent in the State of Sergr'pe.' Brazil

Annual ETp in semi-arid, tropical sub-humid and tropical humid regions, arc
approximately 1,800 mm/year, 1,600 mm/year and 1,400 mm/year, rcspectwely - Those -
figures are consistent with characteristics of climate. - Etp decreases in the dlreetlon lo
the sea. ETp at the alrport is an exceptron because hlgh wind speed along sea governs
drying power of the air. Seasonal variation of ETp is distinct, high in December and
January (a dry summer scason), and low in June and July (a ramy wmter season) Thls
'clnractcrtstle is apphcablc regardless of loeatlon L R

(3) Water Resources Quahty

The Study Team conducted quahty analysts of surt‘ace water and groundwater as d;scussed _
in section 1.6. Based on the analysis, avallable water resoulces for lrrlgatlon in terms of -
quahty are summarued as follows SR - : o '

| 1) .. Semt—Artd Regton

* Surface water, except Sao Francrsco Rlver is contammated by salt I'AO criteria =

classify surface water quality in this region as severe hazard in terms of salinity -

.. and specific iron toxicity. Groundwater is also not available due to sahmty (refer .

. to Chapler 3. . lherefore, water resource avallablc for 1rrtgatton is only Sao
o F ranc1seo Rtver : Lo S '

) 'Iropleal Sub Humtd Reglon . S ; S
' Surface water quahty is most]y classtﬁed as moderate to severe hazard however '
~good quahty was observed in several rivers, such as Jabrberr Fundo, Jacarecica
.. and Vermelha rivers. Meanwhlle groundwater is not avallable due to quahty, :
.- except some in the upper reaches of Vaza Barris and Ptaut rtvers and Boqulm
- Micro- Regton where fresh water rate is roughly 30 % -

- 3)  Tropical Humid Reglon , _
o Both surfaee waler and groundwater have no restrrctlon on use '

@) Sltes for Future Irr:gatlon Pro;ects o

330 800 ha of the state land have potentlal for n'rigatlon in terms of sod propertles and o

topographreal features Those areas were re-evaluated by ehmate and ‘water quahty .

discussed above to determine future lrrlgatlon sntes by the year of 2020 1he result IS :
descrlbed inthe followmg sectton . co IR ¥ ; o

1) Seml Arld Reglon

One of crucial issues to determme trngatton sntes is water resources. Slnce only '
. Sao Trancisco River is available, . fcasnblllty of irrigation projects depends on

~ distance between proleet site and the river. - Considering cost for conveyance of - SERR
* water and crop prices, future project sites should be near thgo dam that has two N

conduits avallable for water supply of 20 m’/s T

2) ' s.Troprcal Sub Humrd Regton _ c b SN S : .
** Propria Micro-region has 12, 300 ha of 1mgable land in terns of sml properttes B

~ and topography; however, there are already 4 projects rmplemented and total area .

~of the 4 projects (13,480 ha) exceeds the potentral area,” " Therefore; it can be
- assumed that there is no area remamed for new pro_]ects in the lower reaehes of Ea
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- Sao Francisco River. Surface water is available for irrigation only in several
rivers, such as Jabiberi, Fundo, Jacarecica and Vermelha rivers, excluding Sao
Francisco River. Soils in the upstream of those rivers, Red Yellow Podzolic Soil
(PV) and Red Yellow Latosol (LV), have irrigation potential with low salinity, too.
Thercfore, irrigation is possible by means of water resources development near
project sites, such as dam and weir, but area of irrigation is limited by cost of

those structures and undulating land.  Meanwhile, some of groundwater with
satisfactory quality is suitable for irrigation by individual farmers rather than
pl‘O_]eCl seale due to low expeeted yield. :

'3) ' lrop:cal Hunud Reglon

Rainfall in this region is eons1dered sufficient to grow crops currently cultlvated

- such as sugarcane, coconut, orange and banana. . Orange out of those crops is
- possible to be irrigated because of higher price compared to other primary crops;
- however, research results show that orange production in this region can be

" improved by denser planting but not by irrigation. - Therefore, iwigation will not .

. be required as long as crops do not vary.

Irrigation is expected to play an important role in future agriculture in Sergipe; however,
_ since irrigation is intensive agriculture, it requires large investment in facilitics and
materials. On the other hand, markets require eompehlwe crop pnces " Therefore, future
project sites ‘were selected from the potential sites by 1) minimizing investment espeelally o
water resources development and 2) conSIdermg appheabnhty of proﬁtable crops. '

Since Xitigo" 'da'rn has two conduits available and lhe Sludy Team has propdsed Vaza Barris
~ dam for domestic and indusirial waters, cost of water resources development can be
.. minimized if jrrigation water is condueted fiom those sources. Therefore, the Study
~Team proposes two projects, Sao Francisco and Vaza Barris irrigation projects. As a
- result of water requirement estimate, roughly 16,000 ha and 2, 500 ha of lands are nrlgable
B by mtake from Xmgo dam and Vaza Bams dam respecuvely - :

Fruns for not only raw consumptlon but also agro 1ndustry should be cultlvated in S‘IO
- Francisco project because of favorable climate for fruits. Since Vaza Barris project has a -
good access to Aracaju, which is the largest consumer of agricultural products in Serglpe

- cultwatlon of vegetables m most of land and frults in steep land is recommended

h Proposed pro;eets by COHIDRO and CODEVASF ‘were also exammed and Qul‘(abena
Ladelrmhas, Jacarecica 1I, Entre Rios and Estancinha were adopted as future rrigation
- projects. - Factors considered for selection are soil, climate, water quahty and possibility
- of water resources development ‘Although the study phasc vanes dependmg on lhe
o 'prOJeet the furlher study is reqmred to reahze the projeets '

) _Locations of future and ex1stmg 1mgatlon prOJects are shown in Flgure-2 2.
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2 4.3 Water Demand for Irrrgatron

Condrtrons to calculate water demand for rrrrgatron are as follows

1) - Crop water requrrement (ETcrop) = potential cvapotransprratron (L'l P) X ciop
coefficient (kc), where Penman-Montcith equation for E’l p and ke avarlable from
FAO Irrrgatron and Dramage Paper 247 . :

2) 75 % probablhly Trainfall is adopted as dependable ramfall and is dctermmed
" based on monthly rainfali for 30 years(l968~ 1997 .

3) - Eftective rainfall (water stored in the root 1one) is estrmated by the relatron
bctween Elerop and rainfall (“FAO Irtigation and Dramagc Paper 24”).

4) Since some of sorls ‘and waters in Sergrpc havc salmrty problems, lcaclnng
requrrement is exammed TR _

5) Overall 1rrrgatron eﬂrcrencres, that are mtegrated values of convcyance efﬁcrency
~ field canal efficiency and application efficiency, are 0.6 for a project consisting of
- conventional sprinkler and tnckle 1rrrgatron, and 0.75 for a pro_lect of trrckle
1mgatron - : : : :

o :;PrOJect water requrrement is mtegrated value of net 1rr|gat10n requrrement leaclnng

~ requirement and irrigation efficiency. . Project water requrrements were, estrmated for
o proposed pl‘O_]ECtS and results are shown in Table 2. 13 : '

R Hargreaves table (1985) is eommon to estlmate rrrrgatron requrrement in Sergrpe due to
- lack of meteorologrcal dala. " Since the Study Team conducted meteorologrcal analysrs
 using the latest data, 1rrrgatron requrrements of projects proposed ‘by COHIDRO and

- CODEVAF were also estimated, based on JICA Study Team analysis. - For the existing
* projects, original figures were adopted as project water requirement because rmgatron
facrlltres were already mstallcd in accordance wrth those ﬂgures

"' 2 4, 4 Water Demand for leestock -

- As mentroned in projectron of future agrrculture lrvestock populalron depends on markel

- but average population will be maintained. *© With this assumption, livestock population in
- 2020 was estimated as follows, and successively water demand for livestock was
. calculated. Since the latest year of ]rvestock populatron data is 1995, it was assumed that -
- the current populatron (1997) is equal to that i in 1995 Cattie, poultry, prg, shcep and

e goats are major water consumers in Sergrpe -_ -

L ot | '_i L 797,000 heads 1,000,000 heads
:'%f':-;_Poultry L 3'04i 000heads 3,100,000 heads -
Cpig :__ .. 99000heads - 100,000 heads
' Sheep&Goats et 175 000 heads L © 200,000 'hleads'

T . Main Report
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It is necessary to consider water intake by means of pasture to estimate water demand of
herbivores, such as calttle, sheep and goats.  Since pigs and poultry are not herbivores, it
was assumed that there is no water intake by means of food. For the calculation sake, the
following figures were adopted.

Cattle: 25 liter/day
Pigs: ' 5 liter/day
Sheep and Goats: ~ LSliter/day
Poultry: ' : 0.2 liter/day

Current and future water consumption of livestock was estimated by multiplying
population by the above rates. As shown in Table-2.14, total water consumption by
livestock in 1997 is approximately 21,290 m*/day and it will increase to 26 430 m3lday in
2020. Increment is about 24 %.

© . Table-2.14 Water Demand of Livestock
Unit : 1,000m*day

: ' Sheep/ ‘ “ . I Sheep/
Division Caltle | Poultry | Pigs Goat Cattle | Poultry | Pigs Goat
_ L a9esy | 1995y | 1995y | (1995) | 2020) | (2020) | (2020) | (2020
Sergipana do Serlao do Sazo Franciscoqy 3.275| 0.078} 0.067 | 0.0193 4.100| 0.079 | 0.070 | 0.023
Carira ’ ) 1.263 | 0014 ] 0.016| 0.006] 1.575| 0.014 | 0.015| 0.008
Nossa Senhora das Dofes ~ . . - 1.653| 0018 0009 | 0.004] 2.075| 00187 0.010] 0.006
Agieste de Itabaiana - | 0918 0.065 | 0.027 0005 | 1.150| 0066 0.030] 0.006
Tobias Barreto -} 1,863 | 00671 0.122] 0.130 ] 2350 00681 0.125] 0.149
S| Agreste de Lagarto ' | 2367] 0072] o141 | 005s| 2975| 0074 0145 0.064
Slecopria . . | 0824} 0008] 0023 0.002| 1.025] 0.008 | 0.020 ] 0.004
'§ Cotinguiba . 1.320| 0.028 | 0006 0.001]| 1.650] 0.028 | 0.005{ 0.002
Japaratuba - | 1013} 0015 0006 0004] 1275 0.015| 0.005| 0.005
Baixo Colinguiba . 0.868 | 0.034 | 0.006 [ 0.001| 1.100| 0.035| 0.005] 0.004
Aracaju _ ' 0.386 | 0.055| 0.005| 00602] 0475| 0.056 ( 0.005{ 0.002
Boquim . ' 2588 0.040 ) 0049 0028} 3250 0040 ] 0.050| 0.034
Bstancia . .| 1590 o111 0016 0.006 | 2.000| 0.113 ] 0.015| 0.008
Sao Francisco _ _ ‘ 4,667 | 0.087{ 0084 ] 0021 ] 5.834| 0.090| 0.0890] 0.028
- ;E&;;@a : R 23791 0.034| 0.012] 0002] 3.003]| 0.033 | 0.01i| 0.009
§ Sergipe _ ' 3.128 | 0.134( 0042 0008 ] 3914} 0.136| 0.034| 0.015
,g Vaza Barris . S 2003 | 0.105) 0058 0021} 2501 0.108 | 0.064 | 0.023
“Ipiaui o 5200 | 0.192] 0094 | 0092} 6656] 0194 | 0.199| 0108
Real S S 2462 0.053] 0103 ] 0.115] 3101 0.053| 0.105] 0.134
CStateTotal oo 11993 [ o6l | 04| vie [2500. | 061 050 | 032
(1995) ngres denotc year ‘ ' V

. Main Report
(i-84) '




The Srudy on ll’a!er Resources Development i the Smte of Sergipe Brazil .

CHAPTER 3 WATER RESOURCES PO I‘ENTIAL
3.1 Smface Water Potentlal S

3.1.1 DrschargeAnalysts _
(l) _ Dtschargcat ReferencePomts o

Reference pomts were chosen within cach nver basm and the basins sub- dtvtded as shown
in I*rgure 300 In general, reference pornts were chosen at the conflucnce of major
tributarics or at casily identifiable locations such as bridges.  The catchment area of each
sub-basin was measured from the available 1:100,000 SUDENb maps “The river basin
sub- drvrsron is shown schemahcally in Frgure 3. 2 o

Bascd on F h1essen polygons drawn for the 29 selected ramfall statlons, basm mean ramfall _
was calculated for the sub-basins using. the annual average rainfall data for the 30- year
rperrod 1968 1997 ' : : D SR

_']n prmcrpal the dtscharge at each refercnce ﬁoint is estimated from the known discharge at

the ANEEL dlscharge observation station by using the catchment area ratio and the basm
mean ramfall ratto, in accordance w1th the followmg equatlon _

Q Q]x(A IA )x(R2/R)

where R R : T
‘ Q, - Eknown dtscharge at Flow Measurement Pomt R
Q.. trequired discharge at Referefice Point

A LA catchment area at Flow \deasurement Pomt and at Reference Pomt .
RI , R2 _: basm mean ramfall at Flow Measurement Pomt and al Reference Potnt

_'Wrth regards to Vaza Bams nver the drfference between the ﬂow regtme at Fazenda
*Betem and that at Ponte SE-302 near the border with Bahia state has been used (o evaluate 7
the water resources generated within Setgipe state. ~ Although Vaza Barris has a

_ considerable catchment outside Sergipe- state, the ﬂows generated are low as can be seen e
* from the discharge data at Ponte SE- 302 (average speclﬁe discharge of only 0.31 Vsec/km® -

~ from a catchment area of 14,435 km’) 'For this reason, the difference in flow between the

- upstream and downstream stations has been used in the above equatlon to calculate the L

flow condrt:ons at the reference pomts m Vaza Bams basm R

. lhe same method was employed for the Real river basm because of the lack of ramfall
‘data in the upstream and Bahia parts of the basin, and because of the fact that ﬂow in'the
river is intermittent upstream of Tobias Barreto. | In this case, ‘the difference between the
flow regime at Itanhi station and that at Faz. . Tourao was uged to calculate the dtscharge_
at the Real rwer reference pomts SR SR : SR

_. The re_sults of the discharge analysis at_ the ;efeféné'ef"ﬁoints are given in_Table-Bi I . [huty

| '.:ﬁ l(l—,s's)- ;'_-.f‘-_ f:;:_'_
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_ The Study on IWater Resources Development in the State of Sergipe, Brazil

| Table-3.1 (1/2)  Caleulated Flow Regime at Reference Points |
Sub- Basin Basin | Annual | Flow Regime (m’/s) Q7day | Q¥-day |~ - . ' . T 7 Averape Monthly Flow (m'/s)

Ref Pt | Basin Arca Rain Rain Ave. | Q95 | Q-185 | Q-275 | Q-355 | Average {1ini0yr|  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Ocl. Nov. . Dec.
(km?) | (mmyr) [ (10° ) (25%) (50 3) (75%) | (95%) | (m¥s) 1 (m's) I : '
SAOI-RM\CISCOBASIN* - 1 T - ! _ e § T A - . .
Piranhas Stn. 604000 | - . 2692 N[ A3y 1825) 1600 1606 . B 17L] I VT L 4040 3533 2409 - 1919; 1833 1852 1866 1954 2308f 3012
" |Acucal Sto. 608900 | - - 25681 2986| 2066] 1775) 1589 600 - L339 3713 ¢ 38N - 3392 2383 1908 1785 1778 1777 1362 2187 2851
Propria Stn. 623500 - . 24731 2870) 1979] 16820 1563] - 14} - - © 3268 35371 - 3631 3273 - 2302 1847 1737 1701 - 1735 1762 2073 2697
JAPARATUBA BASIN B T N R - S : o - o _ : _ _ - - ,
Al 362.5| 10060{ 369.7| 178} 193] 073} . 036|. 049 0189 0036 . 046 - 0.50 081 162 334 3.44 439 237 LM 1.35 0.59 0.79
Al-2 36.7] 10935 401 o019 o21| 008} -004| 0.02] - 0021 * 0.004 005 - 005 009 - 018 - 036 031 - o048l - 02 017 015 0.06 0.09
PJ-1 _ 4042 10139 4098 197|214 o081| 039 021 02i0] 0040 051 - 056 090] - 1.80 370 asll 48 0 263 1M 1.50] . 0.65 0.88
S A3 | 2334 13325) 3ol 149 162 oe1| 030] 016 0159 ©@030f . 039 . 0421 068 - 136 281 289 369 199 - - L32 L4l . 050 067
Pl-2 1. 6376| 11306 7208 346| 376 142| 069  038| 0369] © 0070| - 050 098] - 158 . 3.16] - 6.50 670 855 462 306 261 L15| - LS55
Sl A4S L1983 14703 )] - 2916) 140 152] o0s8| o 028]  0as| c 0.849] . 0.028 “036] - 0d40] . 064] o 128 263 27 3.46 1.§7] - L24 107 047 0.63
| ALsS 3640 13483 4908 236 -256| 097]: 047{ 026 0251 - 0.048 o6l “os - 108 .. 205 - 443 456 582 3150 208 179 078 - 105
P3| 1199.9| 125287 5032 72.22| 184 297 145] - 079 0770]° 0.147 1.87] - 205 3.30 6.60 13.56 1393 17.83 964 - 6.38] - 550 240} 323
] AK6 | 1951 14970 2021 014]° 015] 006| 003] 002{ 0015 0003 004 004 006 - 043} . 026] .. 027 035 . 019 S002] oo 0.05 0.06
| AR 4168] 130771 5450 262 284 108| o0s2|  o029] 0299 0053 - 068 - 07 120 0 o239 - 4m 507 - 6471 . 350 2m| o or99l . 087 1.17
Pi-4 ] 163624 12607 20774 998 1084 400f 200|109 1064 0203] 258l o 284 4S8 0 912 18.714 1932 - 2464 1332 881f - 760 332 4.46] -
AlS 858 14971 1285| o062| o067 025] . 012| 007 0066 0013 . 016 0.18 028 - osef 118 o019 o 152 0.82 054 047 021 - 0.28
P)-5 | 17220 12810 22059 1060 1.51) 436| 212|116 L129| - o21sf o274 301 - 481 9.68) 7 1990 20.52 26.107) 14 M4 936 . 807 35|  4m
JaparatubaStn | - 7060 1161.9] " 8203) 394] 428] ‘162| 079| o043 o420) - 0080] - 102 - L2 1.80] = 3.60f 7.40 763 - 9| o= 526 348 3000 13 - L7
" SERGIPE BASIN b g b ' - T S B C R RS R o ' T . o
AS-1 52370 7913 | 4218 1401 19 051 022, 012 0.123 0021| . 049 o041 - o42] 18] o 2066 2760 - a6l o 150 123 - o067l 048] o0s8
) Asae 36| 8221|3109 104| o088 037] 0.16{ 009| 0091 - 0016 03| o030 com| . oss] o196 . 203 7 340 o n1gl 1. 090 0.50 035 - 0.43
pS-1 o | 8953 osos1| 7327y 244 207| 0881039 020] 0214 0037 - o085 - on|  om 2000 463 479 8.00] - 260 213 o 17l o8 1.01
AS-3 48501 - 87061 4297) 143 12| o0s2f  023f o0.a2{ o025} 0022 0500 042 - o042 117 27 281 a9 oo 13 125|068 . 049 0.59
AS-4 | 2187 "967.1F 2153F 072 o061 026| - 011| 00s| 0063 oon| .. 025 021 - 021 059 . 136 ¢ 14t 235] - 076 063 034 . 025 . 030
PS-2 1 .o | 15990 8166| 13777 459| 389| 166 072 038| 0402 0070 1600 134 0 136) 376 o 8.70 9.00 1505 . 489 . 4.01 2200 157 1.90
R 4967 11234 s5679| 189| 160| o068 030| o0.16| 0.166 0.029 S 066 - 055 - 0.56 1ss| o 3s9p - 37| 0 6200 202 i nesp 091 065 - 078
| AS6 4972 11562 | sssa| 19s| 16s| 07| 031 016] 047 0030] -~ 068 057 - 058 160 .- 369 - 3.82 639 208 170 093 0.67 0.81
PS3 | - 25929 ] - 959.0| 2530.7| 8431 714] 3.05| 133]| 069%] - 0739 o128 - 294 - 246 - 250 690 - 1598) 1653 - 2764 - 899 - 736 403 - 2388 3.49
AS-7 | - 885| 11967| 10728| o036} o030] 043} 006] 003]  0031) - 000s| 043 . ol0f © 011 . 029 - 068 .. 070 - LI 038 - 031 017 012 0.15
PS4 | 26814 | . 9668 26385 879| 745] < 318|139 072 0770 - 0.A33]. - 307 . - 2.56 261 - - 7200 . 1666 17.24 28820 e . re7l 421 3ol 364
- AS-8 61021 14805] 91941 306 259F Lit] 048] 025( - 0268| 0046 107 0 o089 09t 7 o251 T s81f - 608 1004 327 267 o 147 - 105 1.27
| As-@ 38141 153871 59741 199| “169] 072|031 o0.46[ 0.1 0030] o069 .. 058 . 059 - w63} o3| 390 65y o212] -0 1LM 095 .. 068 - 082
PS5 | - | 3810 inns| o 41sszt 1384 13| osonl o 2a8| 4] t213] 0 0210 483) - 403 - 4000 . 1133] 2624 - 2705 - 45381 1476 12.08 6621 47| . 54
SR.deLima | 19600 8932 17507 583] 494| 211{| 092] 048] = 0520 0090 - 207 L] v L76] - 486 11.35) : 1164] - 1946] - 633 5.18 284 203 - 246
VAZA BARRIS BASIN A T - - - : : o - : ' - : -
AV-1 4475] 83s6| 3139 S - - . o ' G L S T R - -
PV-1+] 4475 | 8356| 37139| 4d44| 349] 202§ 134} 086| - 0820 - 0380] - 489 - 724 . T 458 - 951 847 4.09 302 L6 o 132 1.06 1.20 4.86
AV-2 2804 | 1009.5| 2831 122| 145] . 072) 035 008] o0062| 0012 - 042] - 050 c1.02] 088 . oL 2200 - 298] 155 110 0.75 032 1.27
| Av-3 5342 9579 si17] 220| 262 130§ 063 015 . 0013 00221 . 076] - 091 185 1S 3| o398 0 s39) . o281 -n9gl o 13s] 058 . 230
PV-2 cop o121 9357|7948 786| 755 44| 232 109 0995 0414] . 607 - 866 - 745 . 1197[ - 1330p ¢ 1027 1139 - 6020 . 440 3.06] - 2100 8.
S AV 1930 11936} 2304} o099| 1.18] o0s9| o028] 007] 0051 o010 . 034 - 041 - 083 .07} cn40p - L9 243 - 126] . 089 - 0.6] 026 1.4
PV-3 1455.1 | 10174 | 10251 | 885} 873| 463] 260| 116 1045 0424} - 641 0 907 - 828 1268] .- 14700 1206 - 1382 - 738] . 530 - 37| 237 9.47
] AV-S 1785 12664 2263| 097) 116! 057| 028] .007| 0030 0010} . 034} 040 = 082 - 070 . 137 - 176 238] 1A 0.88f - 060[ . 0326 1.02
. AV-6 23941 1311.20 3139| 135 - 160f - 080 039 o009|  0069| 0013|047 - 056 1.13 097 v 191 - 244 33| - 172 1.22 0.83 0.36 1.41
PV-4 1873.0] 109797 1565.11 11.17| 1149 - 600| 327) 31| < Lisd| - 0447 - 7220 - 1003] - 1023] - 1435 1798 1626 ~1950] 1031 - 739 - s520f . 298] 1190
: AV-7 28100 151371 4253} 1.83| 217| o8] os2| 012 0094 0018| v 063 076 o usal ou32f o o259] o 331) 0 448] - 233 . 165 112 048 1.91
PV-5 | 21540 ne64| 19904 13.00| 1367 708 3.80| 144 . 1258 - 0465 o 7.85 - 10.79] . 1L77| 1567 . 2057 1957 - 23.98 12.67 9.04] 632 346] 1382
AV-8 4050 15150 6136| 264 3.44] rs6{ 076) o048 0135] 0026 . 091 9l - o222 U 190] . - 3| - AT 646 7338l . 238) 162 070 2.76
PV-6 25590 12333 2604.1] 1564 | 1680| 864 455 61| 1393 0492 - 876 0 11.88) - 1398 . 172.57) 2430 2435 - 3044 1604 ¢ 1142] © 795 416 16.58
Faz BelemStn . | 15740 b o- ] 12461 1302]  676) 364|140 1.230{ - 0460 - 7.66] - 1056] 1131 o 1528 - 1980 - 1859) - 2265 - 1198 - 855 5.9 332 13.25
Ponte SE-302* | 14122 ool 444] 349 202] 134) 086] - 08201 - 0380) - 489 - 7.24] . 458 951 847 409 3.020 0 L7613 C 106 120 - - 4.86
Difference 161801 11485[ 18583 802} 953 474 230 osa] 04|0 T 0080 - 271 AW 6.73 5.7 - 1L33 1450] - 1963 1023 723 7 ae3f 212 839

Note: - Sao Francisco River — Average values for 1968 - 1997 (30 years) T s
' - ¥aza Barris — difference between Faz. Belém and Ponte SE-302 taken as flow generated in Sergipe A
Average values for same period 1985-93 used for both Faz. Belem and Ponte SE-302
Catchment area measured from 1:100,000 scale maps — different from ANEEL values -
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The Study on l'Va'_.'er Resources Devélapmenl in the State of Sergipe, Brazil

Table-3.1 (212) ‘Caleulated Flow Regime at Reference Points

o Sub- Basin | Basin | Annual - Flow Regime (m*s) . Q7-day | Q7-day | . : S ' Average Monthly Flow (n¥fs) - :
RefPt]| Basin Arca Rain Rain Avc. Q95 | Q-185 | Q-275 | Q-355 | Average | 1in10yr| Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov, Dec.
— | AkmY) [(movy)] (10° m) L esw | 50 | (75%) | 93%) | (mfs) (m/s) e - - ' | T _—
PIAUI BASIN L _ - - _ : o : . - _ R
AP-1 325.0] 11803] . 3836]  1.34] 186|017 - 035] 009 - 0061 . 0036 1.34 1.34 1.34] 134 134 1.34 134 134 - 134 1.34 1.34 1.34
. AP-2 955.0] 10230 - 977.0[ - 341f 3970 195 090 - 0.22 0.135] 00931 - 341 = 3.4} 341 3.41 341 3411 341 341 - 341 341 341 3.41
PP-1 - 12800] 10629  1360.6] . 475 s552[ 272 1250 030 0216]  0.29]  4.75 4750 . 475 - 4751 . 475 475 . 475 4751 . 4715 4.75 4750 . 475
AP-3 6720 137143 92350 - 3.22] 375 L84 . 085 020 . 0.46]  0.088 322 3221 322 322 322 3221 322 3.22 3.22 3220 322 3.22
o AP-4 | - 6736| 12193] © 8212} 236 3.33 S1es| 076l 0.8 - 0130 - 00781 286 @ 286 2.86] 286 286] - 286 @ 2.86] 2.36 2.86) 286 2.86] . 2.86
PP-2 { . 2625.6] 11827  31053] - 10.83] 1260 . 620 286] 0.69 0492] - 0295 10.83] - 1083 1083 1083 - 10.83] 1083 -10.83] 1083 1083 1083 1083 1083
Ap-s | w2 16518 1356] © 047] - 055 © 0271 . 0.42] 003 . 00221 . 0013] 047 = 047 - 047] . 047 047 0.47 047t - 047} = 047 0.47 0.47 0.47
. AP-6 ¢ - 407.3) 14708 ¢ 5994 - 5460  s27p - 3.a9]  21s] 154 - 1.280] - 0.860) 226 .- 2.48 3.46 6.13 11.02f . 846] - 875} ~ 638 - 481 3.65 289 297
PP-3 311508 12327 38399 16.76] - 1842} . 9.66|  5.13|  226] - 1.794] - 1168 13.56 13.78) 14.76] 1743} 2232 - 19.76] 20.05] - 17.68) 1611} . 1495 1419 14.27
AP-7 | 1147.0] 15388 17650 - 6.16] . 716}  3.53] - 1.62] - 035 - 0280 - 0.168 6.16 6.16| . 6.16] - - 6.16]  6.16 6.16] = 6.16 6.16] - 6.16]  6.16] - 6.16 6.16
PP-4 | 42620] 1315.1|  5605.0] 22921 2559; 13.19]  6.75| . 2.65 2.074 1.336) 19.72] - 19.94) - 20.92] - 23.59] 2848  25.92] © 26.21  23.84] 2221 2111 20.35| 2043
“ U REALBASIN - | - oo o - 1 b N ' S o R - _
AR-1 - 548.0] 6967 - 3818] - 0.69] 044 . 0.07] 004 - 0.02] - 0009 ‘- 0000 0.12] . 044  064]. 0 092] - 1421 121 . 178 091 020 " 007 - 028 0.80
AR-2° | 7110 6967 . 4954 - 0.89[ . 057) 009 005 0020 0011f - 0.000] 0.15| - 0.58 083 LI9}] - 1.84] . 1.58 230 - LI8 026  0.09 037~ 1.03
PR | 1259.0} 69671 - 8771  1.58] - 1oyl - 04s] . 0.10] 004 - 0020 - 0000 027 - vo2] 147 0 2.0} . 325 0 279 4.08[ . 209 - 046] - 0.17] 065 . 1.83
= AR-3 1235.0  779.1 9622{ 173} L] o047 - oa0f 004 - 0022l  0000] 0300 102 . 1.6l 231f - 3571 306 448 - 230 050 - 018 . 071]  2.00
. AR4 | - 4240] 8686] - 3683]  066f 042 007 004 - 0.02] - 0.008 0.000] 0.12 043  062] - 089 137  LI7 .71 0.88] - 0.19] - 0071 027 0.77
PR2*{ . | 29180] 7566] - 2207.6] © 3.98] 254 039 - 024] 009} - 0050 ~ 0.000] 0.69 257 0 3.69F 0 531 .19 7.02( -1027) 527 - LIS] o 042 1.63] . 4.60
AR-S 924.0{ 10790] . 997.0] . 7.06] - 585 * 3.06| . 1.70 084 ~ 0870 = 0187 - 140| - 3.55 - 421 - 6.28] 1755 - 14.90 4.64] - 238 052 . 0.19 0.74 2.08
|- AR-6 | . 467.0[ 11670f . - 545.0f - 3.86] . 3200 167 093 . 046 . 0476 01020  0.76] - . 1.94] - 230} - 343 9.60] - 8.14 2.54) - 1.30] - 028 - 0.0 040{ 114
FR-3 0| 4309.0f 11085 . 1542.0] 1490 . 1059 . s.a2| - 287 139 . 1346 0290 - 2.85{ " 8.06] 1020} 1502 3534] 3006 - 28.03] . 2331 - 7.75| = 5.58 458 1129
oo AR | 2120] 16025 3397 o241 U oL99) o rogf o oossl o 028 - 0297 . 0064 o048 - 121 143 2.4 5.98 508 158 o8] 08l 006 - 025 071
.| AR-g | 2020] 16025 3237 229f - 190 - 099 055 027 . 0283 . 006l 045 o L1s| - 137] 204 5701 - 484] LS5l 077 0.7 0.06] ~ 024 067
PR | . 47230| 1221.8)  2205.4| 19.60{ 1548 . 7.45| ~ 401 - 194 - 1926] 0414 379 - 1042 . 13.00]  19.19] | 47.02|  39.97] 3567 - 3107 10.58] 7.8 C5.850  14.17
Sl AR9 | 7 o7s.0f 16023) 1202 L 0851 T 071 037( - 021 . 0.10 0.105 0023 0.17] ~ 043] 05t .076] - 242|180 - 056] <. 029 = - 0.06] -~ 0.02{ - 009 - 025
[ PR-5 | 4798.0] 1237.0] 23256 2046) 16.19] 7520 - 421] - 204 " 2031 - 0437 395 10.85] 13541 19950 © 49.13| ~ 4177 3705 ° 3248] 1110 .~ 821]  6.08  14.69
_ IanhiStn | 43200 - .| - | 1680 13.16] 594 333 . 1.61f . 1.630] - 0340] 323 - 901] - 11.33] 1670} - 40.05| 34.06] < 31.11| . 2644 - 8.89] - 648 - 509] 1245
" |Faz. Tourao* | 28950 - | T - 398  2.54f - 039] - 0.24] 009 - 0050 - 0000] 069} .- 257 - 369 - 531 8.19 7.02] - 1027 5271 . 115 - 042] 0 1.63] @ 4.60

Difference - 1558.0] 11615 1809.6] -~ 12.82{  10.62 5.55] - 3.09 - 1.52) . 1.580 0.340] 254} - 6.44 7.64 11.39 31.86) - 27.04] 20.84] - 2117 7.74] - 6.06 - 346 7.85
. Note: Real river — difference belween Itanhi and Faz. Tourao taken as flow generaled S Lo ) I : o o ’
Catchment arca _mcasured from 1:300,000 scale maps - different from ANEEL values

Table-3.2  Annual Runoff Coefficients

¥ B e S T B s St ‘ : _
- - i : . . . L : o Lo Total | Annual | Tetal | Annual
N ) J SR AU S - 130 : : S : S I . < .| Basin |Basin Mean - -

£ - *. R : R EE B T B b ANEEL Station . | . River Name Arca | Rainfall | Annual | Average | Annual | Runoff
= 25 : LA = 25 e | - : ST — R o k) | (mmiyn) Re}mfall Discharge; Flow | Coefll
ki S * 5 * S o SRR S : (mill. m*) (m’ls) (mill. m*) (%)
- - T - . E 20 - 1 “la Japaratuba “ .. laparatuba . - | 706.0| - 1161.9| 8203} . 3.94| 1243 5.1
215 e e 80 ___-____" _____ B S - | b} Faz. Pao chcucar Japaratuba-Mirim | 201.0| - 13483| - 271.0 0.66] 208 - 7.7
_ g : _ + ¢ ot © o e T P LT ¢ |Faz. Cajueito - |Japaratuba-Mirim | 315.0 13483 4247 1.70] 536 12.6
310 . : qé w1 e - S S d|Siriri - . ISirid . 160.0 13077 ~ 20921 081 . 255 122
ER ‘ 4 . 3 L 2 A : S . SR e |Rosariodo Catete  [Siriri ~ “~ 7. | 302.0( : 1307.7] = 394.9| . 329| 1033 263
5 o RV T SR —-- ¢ R | | Santa Rosa de Lima | Sergipe - .-~ | 1960.0| - - 893.2| 1750.7] - 5.83] 1839 105
0 - S :0 -, | g Faz.VBeler'n"_.- .~ |VazaBanmis 16180] * 11485 -18583( - - 8.02] . 2529 =136
R L R ST : h|Estancia - . |Piavitinga " .- | 409.0| - 1470.8 601.6] 546 1722] - 286

600 800 1000 . 1200 1400 1600 0 - 1000 . 2000 . 3000 - 4000 . 5000 E -|i|Faz. Tourac - < |Real -~ .-~ |28950] . 7566| 21904| - .3.98] 1255 5.7
Basm Mean Ra]nfau (mm[year) ) L '_ .7: : Ca(chmenlArea (km ) : o _] Itanhi L Real - R 43200 ; 920.7 39774 |6 80| - 5298 ‘ 13.3

: SR S <o o |k Manhi*? oo | Real ~ L .| 15580 - 1161.5] 1809.6] - 12.82] 4043} - 223

: Flgure-3.3 Varlatmn ofAnnual RunoffCoefﬁcwnt IS R N_otes: 'lAreado“nslrcamol'l’onle-SHOZ R P e

- . *2 Areadownstricam of Faz. Tourao -
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 downstream for free intakes,

 The Study on Water Resources Dcve.lopmem in the State of Sergipe, Brazil

- 2) RuncffAnalysrs
~ Total annual rainfall volume was calculated for each of discharge obscrvation stations
“using the basin mean rainfall and catchment area.  This volume was then compared to the
average annual flow volume to gwc a preliminary estimation of the annual runoff
. coefficient. - The results are given in Table-3.2 and shown geaphically in Figure-3.3.
* From the annual data, it appears that there is no corrclatlon between runofl coefﬁcrcnt and

crther basm mean ramfall or catchment area. :

. 3,1.2 R Surface Water Potential ‘in Ri'v-ers
-
" The waler resource potenual is assumed to be the available ﬂow in exccss of the Q- 7day
~_ minimum average flow. In Brazil, the Q(7,10) indicator is used as an asscssmcnt of low
flow — that is, the 1 in 10 year probability continuous minimum 7day average. - It has been
" decided to ‘adopt 20% of the Q(7,10) flow as the maintenance discharge to be secured
In the case of dam development 100% of the Q(7 10) flow
' wrll be provrded as the envrronmental mamtcnance dlschargc '

Surface Water Potentral on Mam Rlver Basms

' '] hc maxrmum surface Water fesources potentral is estlmated for each river basm from the

average annual flow at the most downstream reference point (rrver mouth). ‘ The potential
~ that can be realized without the construction of storage facilities, ic the free intake potential,

" is calculated from 80% of Q(7, 10), whcre 20% of Q(’I 10) is allowed to ﬂow downstream

"as the mamtenance dlscharge BEREERS Lo . o

S lhe surface water potentlal is shown for the SiX Tiver basnns in 'I‘ablc-3 3 In the ¢ase of
- Sao Francisco River, potential is estimated at Propria based on the ANEEL flow data. -
" Average flow is taken as the annual average since the start of operauon of Xrngo Dam, 7-

Lo day average mrmmum flow is based on historical data s

Table—3 3 Surface Water Potentlal on Mam Rlver Basrn '

" Notes :

L Averagc : Annual | Ave Min " Annuat - | 10-yr Min, Annual
River Basin -| . Flow - Potential 7 -day Flow Potential | 7-day Flow | Polential
e O (M'cwyr) Cawrs) | oM | s | avemiyn
[sFrancisco. | 1380 | 56134 | cd6s0 [ sLme } 1219 | 40335
yaparawba | 1060 | 3343 [ e | 3se | oms | es
ISergipe " _ ‘1384 Cases |13 | 383 0210 66
VazaBams - | 156 6 | a2 | a3 | a9 Coam | o1ss
i | 2202 | 7228 | 20m | 65.-4_‘ 1336 | 42
Clreal | 2046 6452 | 203t | edo | o047 | 133
Sao Francrsco at Proprra ANLEL gaugmg stallon Olher basms at do“ nstream Rcl‘erencc Poml at River Mouth

| 90
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The Study on Water Resources Developmém int the State of Sergipe, Braég'{ :

(2) - Surface Watel Potentlal on Small chr Basms

The surchc Water resources potcnllal of the small perenmal rivers uscd by DESO for watcr_
supply was asscssed from an 'unlysw of thc DESO river ﬂow_ data as described below. -

< Mlmmum Dlsclnrgc in Percnmal RIVCIS >

- DESO carries out dlsclnrge measurement at a total of 89 flow measurmg pomts of wlnch
83 stations (93%) are located in the coastal Leste Sergipano and the remainder on the Leste
side of the Agreste and Sertao regions. - In principal, flow measurement is undertaken on a
- monthly basis but in fact, the observation periods of the 89 stations vary from only one
“month to 59 months over the last ten years, with an average value of 14 readings.  From
the available d’li‘\ the minimum observed discharges (Q,;,)-were picked up and used to
: 'esllmate lhc tcn year rctum perlod m1n1mum 7 day ﬂow Q(? lO) : :

_ <Small Rlver Basm Potentlal >

'lhe waler resource polenual of the small river basms was assessed as. follows The E | o
ammal rainfall at the time of the mmmmm observed discharges identified above was
comp'lrcd to the ten- -ycar return perlod minimum annual rainfall for the rainfall station -~

closest to each of the flow measuring points. . The ratio of ten-year return period ramfall N
to Q,,;, rainfall was then used as lhc Q(? lO) raho and the ten year retum pcrlod mmlmum '
7 7 cla)r flow esllmated from : S T L e

. | oo Iﬂ)ﬂow 2 Q,,,,,,x Q(7 10) ratio” ;*:’f"j- e
o In addmon (he Q(7 10) spe(:iﬁc dlscharge was calculated by dlwdmg llle Q(7 10) flow b)' :

- the catchment area at the flow measuring point. “The resul{s of this assessment are shown =
in Table-3.4 and the variation of ten-year return period minimum discharge with catchment *

arca for each of the six main river systems are plotted in Figure-3.4. : The water resource

potentlal for each small basin was then ranked for both Q(7,10) flow and specific discharge o
accordmg to the criteria gwen m Table 3 4 ~The res_ults of the potential ranking are also

given as follows

PolcnualRank o A B C e D

Q(’? l(}) Flow = (mYday) - - Q3000 . Q>2000 : Q>lOﬂO Q<1000
- Q, lO) Spec Q (m’!day/km’) Q>200 - Q>ll30 QR0 Q<30
S D R L I Y l Minimum Discharges in Small River Basin .
35 Dm - : ’ .:‘ R "-"” R S T;i. T771 Paliast il _'_!_A__:r—'h
_tﬁ,m’ . A T R AR PR AVaz.a Barns XScrglpc
. %25 009 T ; 1~ R R x Japa;aiuba OSao I‘ranmsco B
= - S S N S
g - B R St et R e e e yane Rawd IR
S 10000 | = o lix o O I O A S e e i e
RN Y . R A I ) IS G S0 N I O R
© 5,000 " A A B R I R S B B

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 300 o
AT L C'tlchmentAn.a(km’) o

- Figurc;3.4 bpccnfic and Mlmmum Dlscharge in Small Rlvel Basms s
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B L] ° [] y »
Table-3.4  Pofential at DESO Flow Measurmg Points
. . : - Catch . - Minimu (Al 7,10) | Potential Potential
No Subon Name - River Hssin ) ;le:c:; Municipatiy Area 2;.’ ;Ef: Date lé:;nlgf mFlow Qélow) S?:ciﬁc)q Rank Rank
& i Q) o ) i) (i el @ |speco
1 BR-101 Real Rest - 17 Cristirapoty 4 Aug% - 0861 85 4,430 e
? Faz Cruxeiro . Real Real . 1 Cristinapolis ., 4 Feb96 061 93 5,185
3 Cot Retro - Real Rezl 13 Indfiarcha o L4 ApSS 061 260 13,703 R -
4 DESOCristinapets Reh Brejo Real 12 Cristiaapolis L | 2T In% a6l k1] 1,634 1774 C B
$ Faz B Hoa fearvirim Rea) 12 Ushauba ToA40 1 a6 061 118 6219 el A o
| 6 DESQJndiarcha  Paripe Real 13 Iediarchs 5454 21 M5 066 191 1,063 2028 A A
7 DESOQIabaizninka Guararema [ 58] 12 Umbaubs 375 26 Iin% 061 ) L] 53 D [
8 Faz Cedro Guararema Pinui 13 St LRanhy 311 18 hn$s 061 103 5419 583 A C
9 Faz Antas © Guarerema Piaui L1} Sta L Hanky pLI? 1 Ape-S6 081 223 (R3] 853 A C
10 DESOabsianinka Reh. Rischio Piaui 12 Undauba to.10 © 29 Mar96 - 061 3 158 157 D D
11 DESOUmbauba  Reh Jmbe - P 12 Umbauba pAL) 20 Fed9s 076 ] s 450 D C
12 Faz Anias Sapucala Piasi 13 Su LEashy 3313 10 Jnss 061 [33 3,426 £9.3 A c
13 Frz Castelo Asiquitiba Pinvi 13 St LRanhy 4613 19 ApeS6 06 62 4,071 £33 A C
14 BR-101 Joda Pias Pizd 13 Su Llunky 3467 < T ApS6 Q.76 52 3458 985 A C
15 Faz Piur - Indiarota Plaui 13 Indiarcha 1167 I Jando 065 133 2,584 916 A c
16 Faz Saguim Saguim L Piaui 13 St Llanhy 2644 9 Ap-96 066 22 1,258 - 474] . C C
7 Rod SE-3IB Prispu  Piaui 13 St Lhanhy 1543 I3 Aprs 066 14 1373 51.7 D C
18 Pov.Caza Caiads  Garengau Pisoi Sz Ames 9257 o hnsé o &9 4710 - 509 A C
1y DESO/Arava Boce Piai I Araua 141 18 Nov95 - 066 10 510 . 183 D C
36 DESOPedrinhas  Reh Arelas Piui 12 Pedrinhas .. - 427 .9 M85 . 0N -5 20 L] D [
2 Faz Soledade Reh, Cabagu Piagi 13 Sta L hanhy 3555 12 ha%6 081 3 L9 203 c D
22 Faz Tuim Camboats Pizoi 12 Arma 14067 I Jan$6 030 3% 1,355 111 C D
23 Faz Alecrim - Cassungue Plaui 13 Extarcia 34T ¢ 1 M9 0389 &0 4614 - - 1566) A B
24 Far Birda - Biita - Piaui 13 Feanina 1456 S heSs 615 kY] 2101 . 1413 B B .
25 Pov. Maicambira Muwdulunduba - Pisui: 13 Estancia - - 12151 10 Jan%6 - 076 (23 43 - 2364 A A
26 Gasod Pelrobras  Macsco - Piaui 13 Estanciy 1203 P Dec95 033 h13 3657 - M0 A A
21 Far §.Jose Aguas Clanss Fiaui 13 Estancia 129.54 PR . S - N
28 Col Bela Vista Reh Ritchao 1} Esawia iR - Co. ‘ .
2% DESOMsporargy  Fundo 3 Irnpormgn 4) 54 23 Mi95 . 083 - 188 13482 Ies] A A
30 Faz Jurema Fundos 13 Estaxia 16393 3 M55 | 03 506 36,285 213 A A
il Pov.§.Beato | PauaGrende 12 Salgsdo T 56320 3% Mar95 0.6% I 4 - 8% D D
3 Pov AguaFra = AgaaFia | 12 Salgdo . 648 38 Aprds 0.&s 34 2,027 3143 B A
311 DESO-SIP - Piauitinga P12 Salgedo T 8296 © 5% Apc96 - D69 35 2,146 Be B8 D
34 Faz BoaYisa Fiavitingy - .l Sagado 10043 49 Feb9s 069 120 7,154 n1 A C
3% Faz Cupim © Piauitinga 12 Salgsdo - E87.46 " 19 Feb95 . 08) 319 22876 Ho A 8
356 Estweia Pisuitings 13 Estamiia ~ 356.49 13 hads 069 5319 3am 377 A C
31 DESOBogqsim Grilo . "L 1 Sdgado - . 2648 26 Mar93 083 46 319 . 247 A B
3% Col Entre Rios Quebradas " 13 Estacia 935 10 had5 - 083 6% . 4048 514 A c
39 Far Verdenles =~ Capivara 13 Estancis - 2168 9 Mar9s . 089 s 9,612 4434 A A
40 Far Riachao Rizctas ; ‘13 Eslancia 3162 15 Mar55 0.83 - 85 6,096 181.3 A B
41 SAEESS. Cristovao Compddo Viza Baryis n S Cristovsd e8] 25 Fcb95 084 T3 7,135 HiA4 A A
41 Fir Colegio | Tejupeds VeaBaris 13 . Taporange 3501 7 Ap9% - OB4 16 . 9148 12| A A
43 BR: 101 Chinduba VaaBamis 13 Itporanga FIAE] 6 hn% . 06) 26 1ALS S 610 € [
43 Pov. Sape Tabocas YuaBarris 13 Tporanga 1163 15 hin% a69 25 14950 18] C B
43 Pov. Ribeirs Ritein Vaza Barris 13 Tisporanga 11.60 10 h-% . 0467 i .. 1,100 - 948 C C.
45 SAEESS. l.'nszono DA Besta Vars Barris n § Cdstovao . %o 8 Oxt88 043 23 1,10t 933 C C
41 BoaTeama Ribein Vaza Baris 4 Tabaizna B ¥} 20 Feb95 . 087 19 . 2180 - 4022 B A
48 Far Escurial © Bia VeaBarz 1 S.Chstovan - 1946 13 Ape®5 | 037 43 7 3883 . 150 A B
49 Fuz haperca Pindoba VauBaris 1l S.Costoveo - 7. 1163 15 Mar.93 087 iz . 9% .. Nn§l D C
50 Far Pereent © PedeStria YuaBartis 13 Tuporang 11.60 1 Ape9s 087 45 3603 - JIte] A A
31 Fue Din DA Mata " Vaza Barris 13 Teporanga 934 1T hnds 067 20 ¥,158 140 C B
52 Fur Dina R daMata Vara Barris 13 . Tuporanga 149 8 9% | 08 i8 1042 693 C C
53 Motera Campos . YazaBaris 13 Iaporanga 661 8 Apr9s 037 2 150 2E D D
54 Fur Camucule Quirino VaraBamis 13 Daporenga 1575 g Ap-95 . 037 24 1804 1431 c B
3% Genipapo Tabocas Yiza Banis 6 EBagarie . 5 Oct-9% - 035) 4 175 - .
56 Far R Alegre Tpanema VaaBamis 13 [aporanga . : t htod - My : . D b
31 Pov. Cempos Tirga YazaBafis 13 - Ttapofangt EER ) 1 Jn96 0 061 20 1E58 msel cC B
58 PedraMole VazaBamis  Veza Bamis 2 PedaaMole & Nov-95 B 5 .
59 Faz Passagem YazaBuris  Yeza Barris 4 8. Doningos 4 Nov-9s - rill
€0 Faz Din - VanBuris  VezsBamis 13 Taporasg o 4 hnts - - 110 . L
81 Colegio Agricola  PoximAcu . Sergipe n S Cristovso .- 12172 T 26 Mar95 0 0387 256 13,243 150.7 A B
62 Faz Cumbe PodmAm i Segipe . N - 5. Cisteao T 7332 22 Mir9s 037 1. 12 | A B
63 ¥Fov. Timbo Timbo Sergipe S Cristevao 113 9 Ma96 - 067 33 2,200 085 B A
61 Tabea If’ouhan - Segipe 1. S.Chseae - c 3275 18 hets 067 “o 80 - 247 b D
65 Quissama Poxim Mirim  Sergipe W S Chsnso . 5I8) 15 s . 087 14 810 o] D D
& BR-101 Pitanga Sergipe Il 5. GCrstovso |~ . 2019 . - . e S 2 A
57 Caluita Pitanga Sergipe 1] 8_Crigtoveo 71.93 . 23 Feb9s 0387 136 10,223 RRLELY) A B
68 Faz Tieme Cotinguiba - Sergipe . ° 10 Lurenjeiras n.e 5 Od-95 0.6 315 18577 - 2432 A A
£9 Cepuat Jucwrecics - Sergipe 10 Rischeelo - 50479 11 hSe 060 HE 6l - | A D
70 DESOVA Branca  Coquetro . Sergipe 4 _ArtiaBranca . T 1908 .1 25 A9 - 088 41 - 2,058 159 B B
7t DESOMafhade  C.doVesdo = Sergipe 4 Matkedor - Al 19 Apr asd 13 1,051 3217 C c
72 DESORiachuelo - Dangn - Sergipe 10 Rnr.hxk) $5.6% - 53 a9y . 064 48 2,654 494 B C
73 DESONSDores © S Vive . Japaratube ~ § Sirn . 987 33 T34 . 0352 108 4,852 - 4316 A A
M Gado Bravp - Addeia + Japaratabe 2 Capele Al A2 Ape9S 059 .. 70 3568 0 3STSE LA A
75 SAFECapcls - Lagatiao Japarutuba - & Capels - 1.?! 10 Jan96 039 Lo3r 1,885 5125 C A
76 Faz Sts Terced | Lagartizo - Fagaratubs 9 Jipantube .- 480D Lo TE N C. LR E PR B I
77 Pov. Curd) Bots - Japat Mirim  Jeparatubs 9. Jpaiatuba B 1) ¥ -8 Novd . M 47 6154 - 183 A D
78 Using S0 Clary " Japantuba Teparatubs 9 ' Japaratuba B TR .4 - Jan96 052 M 4191 X A D
79 Rod. SE:206 . Canctho Taparstube % . Sirr - i 5876 ;1 AprSs 015 1870 0186 - - 199 c D
80 Rod SE-206 - llparltubl . Jepanatube 9 BT 1L a5 . 059 157 - o0} 109 A D
81 Rod SE:206 .- Sirid .~ Jeparstuba - 13896 * % Dec9i . 013 E73 Lm0 o il A [
32 Pov. L. Redonda - Sapuceia - Sapuceia 9 6239 e . : N . -
83 Esthvado Raposo  E Raposo . 8. Frandiso . @ 1200 10 Novsd 081 .. 18 - 3305 - 2i54] A | A
84 DESClaporia N, Senhona $. Fraxisco 9 SOBMN . fo2h Mad9s 0.60 21 . .L083 - 458 ¢ C
83 Faz Pan - Sto. Antonio § Frncisco 9 12.00 8 Mar9é 038 166 %1 0] 1434] A B
86 Faz Esimcmha Pikits T 5. Francisco 9 1.1 9 Mar-% 053 6 £01 99 D D
87 Awho - AuTho S.Fxixe 9 ' R T - . ) v
33 Badajos . Papagaio $. Fancixo ¢ Sy Ien$6 T 086 0 20 LU - ‘
39 Fuz P | Papamip S Frnciwo 9 . Iiparsiubs - 1 Movds o8 2416838
) PotenllaIRankQ ~AQE3000 BQ>2000 CQ>1000° DQ<IOOO miday L j R
Potential Rank SP?C Q AP0 BQP10 | C:Q>30 - DQ<30 midaykm? .
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32  Groundwater Potential

Groundwater exists in whole Sefgipe State, though its quantity and quality is different in

each sitc. Groundwater development is possible in any place in Sergipe State depending

on groundwatcr development potential of each place. Groundwater development

potenual is dominated by three factors shown below: - :
l) Groundwater rccharge 2) Well capacnty 3) Groundwater quallty

' _i 3. 2 Groundwater Recharge

Groundwater recharge is analyzed usmg two methods of 1) Method (l) Analysrs of '
'groundwatcr ievel fluctuation and 2) Method -(IT) Numencal srmulatlon .

‘(I) ' Method -(I): Analysrs of groundwaterlevel fluctuatlon --

< Prmclple of Method (I) >, ' - :
Principle of Method- (l) is shown in Plgure-3 S Groundwater recharge can be calculated
by followmg formula: . S
' R=uxdhxF S
Where, R : Annual groundwater recharge (m’fyear) u Specrﬁc yleld of aqulfer
' dh Annual groundwater level ﬂuctualron (m) - F Area of aqutfer (m’ )

RamySeasnn (Apr -«Aug) Dry season.(Sep‘.HMa‘r.)_ '
_ Ralnfall R
v : 5 B :,‘ . v - S L -
S ) - Groundwater SRS = Groundwater : _
v le\'cl rises R ‘E-—_‘Ievel_.de_elines‘ PR
Aquifer ©. _"PRiver,Sea M—g_mm Sea - SRR

. Figure%S;S I Principle'ofl\llethod-(l)_:':-:f.

: < Specrﬁc y:eld (u) > -

“There are no data showmg representatlvc values of specnﬁe yleld in the Study area, - .

| “Therefore, the values are assumed usmg general values by each geology, and the result is )
B jshown in Table-3 5. : : '

e I‘able35 Specrﬁereld oquulfer fr
“CAquifer - o - | -Specificyield | _Aquifer - S Specrt' cy:eld

Alluvium covering Sergipe | 0.15-020 Maranco Domain et v | 00008 < 0,01
Alluvium covering Craton 0.10-0.20 - | Macurure Domain - = -] 0.005- 0.0l
Tucano. - 0.05-0.10 - | Vaza-Barris Domain ~ ~ ° ] 0.63-005
Sergipe covered by Barrclras - 0.05-0.15 Estancia Domain . o0 o 0.01-002 -
Sergipe outcropping - 0.10-0.15 . | Craton covered by Barre1ras ] .0.05-0,15
Caninde Domain - - - 0.005 - 0.01 | Sao Francisco Craton outcropprng ©3.03:0.05

Poco Redondo Domain 0005 0.01 ltabalana Dome R o} 0.03:005

_ _'< Annual groundwater level ﬂuctuat:on (dh) >

"Annual groundwater leve! fluctuation (dh) is estimated using result of groundwater level LT
- survey carried out by the Study Team.: However, groundwater level ﬂuctuatlon was_ R

_(’1#93)
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- Tlre Study on Water Resourcés I)eve!opmerz! in the State of Sergipe, Brazil

'observed for only 3 month between Scptember and November 1998. Therefore the
observed groundwater level fluctuation was modified in order to obtain amnual
groundwater level ﬂuctuatlon Annuat groundwater level fluctuation was assumed as
showanable36 B T LA

' Ta_bl_e-3.6 _ Assumed Annual Groundwater Level Fluctuation

. . . o Obscrved groundwater level Assumed annual groundwater Ievel
* Hydrogcological Unil  {luctuation during Sep. to Nov., e flugluation -
Sedimentary Rock Atea S 00m ' o 14Am--2.1m

Cryslallme Rock Area - - 08m o Lém—24m

<Result of Analysrs by Method ([)> S o R

Based on the deep well data- basc established by SRH hydrogeologrcal classrﬁcatlon for
the Master Plan formulation was made, taking account of effective utilization of the data-
b_ase Annual groundwater recharge was analyzed and the result is shown in Table—3 7.

Table-3 7 Annua! Groundwater Recharge by Method (I)

Hydrogeologlcal Un1t | Arca Rainfall { - =0~ " -."-. Annual Récharge - :
_ b ket mm!)ea - mmfy Tivs/km? - mY¥s _%ot:annual
: : : e E . rainfall

Alluwum covering Serglpe - 1,061 1,398 | 210-420 6.7-133 7.0-14.1 | 15.0-301
Alluvium covering Craton a3 1,672 140 - 420 44-133 1.9-58 8.4-251
Tucano Basin .- = @75 =55 15 310 ] - 613 70- 210 122-67 - 07-21 114-343
Sergipe covered by Barrelras_ ] 2,688 1,271 | :70-315 0 22-99 _6.0-268 55-248
Sergipe ouicropping - | - 962 1,160 140-315 -44-99 . 43-96 12.1-272.2
‘Caninde Domain- -~~~ o854 osar | 8:24 -] 035-076 |  02-06 | 1.5-46
Poco Redondo Domain_~ -~ | = 1,050] ~ 570 8-24 025-076 | 03-038 14-42 |
Maranco Domain ~ - > - | . 569} 639 { - 824 025-076 | 01-04 |- 13-38
Macurure Domain =~ + ;-] 4909F . 785 | ¢ 8.24 0.25-0.76 12-37 C1.0-1.1
Vaza-Barris Domain - - | 2,656 = 972 1 :48-120 1.52 -3.81 4.0-10.1 49-123
Estancia Domain - - - < 2391 - 921 . 16:48 0.51 - 1.52 1.2-3.6 1.7+ 8.2
Craton covered by Barrelras 2,092 1 - 1,425 70315 1 22-99 46-209 4.9 - 221
Craton outcropping ;. - 1,435 1,205 | 48-120 1.52-13481 22-5.5 4.0-10.0
[tabaiana Dome =~ ¢ - - 639 1,082 | - 48-120 1.52 - 3.81 1.0-24 "~ 44-11.1

Tolal L 22050 1015 e e e 348-107 4.9-15.0

: @ Method (11) Numerlcal Slmulatlon
~ <Principal of Method-(I) >

- Simplified hydrogeologlcal model was formulated for the whole Serglpe State and

“boundary condition was given to this model. - - Simulation was repeated with different -
groundwater recharge until simulated ground\vater level fitted with observed data.

" Simulation program used for this analysis is three dimensional srmulatron model namely

- _USGS MODFLOW Procedure of the srmulatlon is ﬂow-charted as follows, L

Groundwater Recharge to Model J( S——
I oo o - No

I Calculatton of Groundwater le\el I

Observed Groundwater Level Calculated Groundwater chel }—-

* Yes ... ..

| Groundwater Reeharge l R

Flgure-3 6 Procedure of Slmulatron i

AR R MainReporT
asy e



< Aqulfer Model >

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

Groundwater aqurfer was modeled as shown in i‘ '1b1e-3 8

Item

lable-3 8 Srmphﬁed Aqurfcr Modcl

- Content -

Aquil‘er no del i 4 Iayer model: Permeablhty of Iaycrs gradually reduces from the Ist Iaycr to the
Nt , 4th layer.

. . | There are three lypes of boundary condmons S
Boun dary.con dilron : - Sea - " : -, Constant groundwater levelboundary

B - Water shed : ; No groundwater flow boundary .-

o = River .© 7 "+ Groundwater discharge boundary

Con duclivily. Conductivity is examined for cach aquifer from transsimisivity of cxrsung

< Rcsult of Method (Il) >

boreho!es usmg borehole dala base whlch slores 4 000 borehole data L

The simulation was completed when srmu!ated groundwater level ﬁtted wnih observed otte,

and groundwater recharge at this time was considered to be the most likely groundwater L

recharge, which is shown in Table-3.9." Hlstogram of observed groundwater levels and -

_ simulated ones is shown in Figure-3.7.  Both of the hlstograms look to correspond enough . |

_ to each other.  Histogram of observed groundwater level is obtamed from boreholc data- e
base whlch shows actual groundwater level durmg drlllmg . - '

: ,‘Tal_l_:_ule-3.9 Groundwater Recharge by Method (II)

o S Area | Rainfall ] - - ~_Annual groundwater rechar e o

- Hydrogeological Unit km? romfyea mmfy llt/s/km E mifs | %of Aﬁnual Rainfa}l
Alluvium covering Sergipe | 1,061 1,398 | 0360 | 1142 4 1240 f 0258 L
AlluviumcoveringCraton | 434 ez | 70| 539 | o234 102
Tucano Basin - : C310 | 613 | o110 ] 349 | 108 180
Sergipe covered by Barrelras 2,688 ;| 1271 }--250 | 0793 | 2131 SRURN 1N RN
Sergipe outcropping = 962 1,160 | 280.| 888 | 854 S R IR
Caninde Domain ] 854 | 52t | 0] 032 00027 e
Poco Redondo Domain = . | 1,050 |~ §70 | « 10{ 032 | . 033 18 . : -
Maranco Domain * . T569 | 639 | 0] 032 018 1 7716 .,
Macurure Domain 4909 | 785 | 15 ] 048 | 234 | 19
Vaza-Barris Domain 2656 | - 972 | 60§ 0190 | 505 | .. 62
Estancia Domain | 2,391 921 30{ - 095 | 227 33 :
Craton covered by Barreiras | 2,092 1,425 90| 285 | 597 63
Craton oulcropping =~ 1,435 | 1,205 | 60| 196|273 s v
l!abaranaDOmoCraton 639 | 1,082 | 80| 254 | 162 | 74
Total - 22,050 | 1,015 | 95 | ’3’.00_ 6615 | 93

e

g
£

'ro 20

30 W0 o %0 _loo B L0 20 30 40 60 80 ;c'o'

Obsened gr OUMW“CT |¢V¢| (GL-m) . CalcuTated groundwater Ievel (GL—m)

Flgure-3 7 Hlstogram of Groundwater Level
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The Study on Water Resources Development in the State of. Sergipe, Brazil

' -(3) Exammatlon of Grounduater Recharge

Groundwater rcchargc was estlmated by two methods as exphmcd bet‘ore The result of
the method-(f) shows a wide range of values, the annual groundwater recharge of 34.8m'/s
— 107.0 m¥s with the average of 70.9ms, as shown in Table-3.7.  On the other hand, the
result of the method-(1) has a single value, the annual groundwater rechargc of 66.15 m3ls
as shown in Table-3.9. Comparing the two results, the method-(I) result is, if its average
is taken, almost the same as the method- (ll) result with negligible difference between them.
Consequently, the method-(I) result is finally applied as the valuc of groundwater
recharge, though the actual groundwater recharge is constdered to be between 34 8m3ls -
107 0 m’ls ' , ' A

3, 2 2 Well Capac:ty and Water Quallt)

_ Well capactty and water quahty were analyzed usmg the exrstmg data base The reetltt‘ia :
4 shown in Tablc—3 10 : : : : Lo

Table-3 IO Well Capacrty and Water Qualrty by Aqulfer

- S Expected . Specific - Success rate Rate of fresh
Hydrogeologtcal Umt RS yield : | . capacity _water ..

, B (m’lday) (m’/day/m) @) |- )
Alluvium covermgSergtpe Basin -~ R U B
Alluvium co\rermgCraton Basm - e 60:0 : _‘40..- B e I -,“m .
Tucano Basin - o 100 T4 o o 60 60 -
Sergipe Basmcoveredby Barretras S 14¢ | o 17 o 80 - ¢ 85
Sergipe Basin outcroppmg oo 140 S F T BRI | N R I
Caninde Domain ™~ -~ ¢ o) T 40 BRI IR IR L L0
Poco Redondo Domain -~ . - ] o5 40 2. 45 - 10 -
Maranco Domain -« -~ s L 40 2 45 e L
Macurure Démain - LT 40 2 60 |18
Vaza-Barris Domain -~ - " 80 - c 4 T8 40
Estancia Domain .- v ¢ 50 3 70 | 50
Craton covered by Barreiras = .. | . 70 - 4 - .8 | %0
Sao Francisco Craton outcroppmg B 2 75 S 30
Habaiana Dome - T 70 4

75 4 350
: _Note [][-‘resh water[] meansch!orme(Cl)|stessthat1250ppm - R

' _3 2 3 Groundwater Development Potentlal '

3 Groundwater development potentral 13 shown m brlef by basm in lable 3 11 and tn detatl
o by muntclpaltty in ’I‘able-3 12 S . : : _

Table-3 ll (:roundwater Potentlal by Rwer Basm

SRSETANEE I Area Total amount wnthout water quallty Total amount w1lh water quallty
o B_as,_i“. P : k) : : . consideralion - consideration (C1<250mg/L) -

SRR B E mm/year - mtlm’lyear : mm/year mtl m/year

Sao Franciséo | @ 7,276.3 . 84 ] o6l T RN R R . A
Japaratuba 17220 |- 152 ] i 262 13 195
Sergipe o | 71 3673.0 | o131 s | o481 ] o9l L) 334
 VazaBarmis | 25590 | ° 99 o) e 253 ¢ C o 64 1 7 164

Piai - -0 | 242620 |- 80 | 341 - 56 o] 238 0

| Real -] 25580 - iS4 s 3R U oo m 3000 - R X B
oo Total o o 220803 | 95 o | 2086 e 1453

Mam Repart
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The Study on Water Resources Development in the State of Sergtpe, Brazil

Table-3.12 Cfohndwétcr l)'gi(cloli'lll_alelit"i"o"t_cil'tial by Mumclpahty

Rate of

] . - Annual . - T
: . . . h - Expected | Specific | Success | :
Code S Mumcnpa.]ty . '_ Main aquifer Area Gro.lr;;iav:.géer Yield | Capacity | Rate ‘l"{raetsel: R_ank
i oo P w?) flomA) | (ivs) (m’fda_\j miidayimy (%) (4} .
01-0120 CAMDEDOSAO SAI\CISCO Caninde 908 27 | 776 40 -3 50 15 3]
01-0220 | FEIRA NOVA : Macurure ~ § 189 15 92 40 2 60 15 D
01-0240 | GARARU Macurure 640 15 | 313 35 -2 60 15 D
01-0260 GRACCIIOCARDOSO Macurure - | 236 15 115 40 2 60 15 D
01-0310 | ITABI . ’ Macurure : | 202 15 99 40 2 60 15 D
010120 | MONTE ALEGRE - Macurure -~ | 418 15 | zo04 10 2 60 15 D
010150 | NOSSA SENHORA DAGu')mA Macurure 745 15 | 364 40 2 60 15 D
01-0540 | POCO REDONDO - - Poco Redondof 1,220 14 | 533 40 2 45 10 D
01:0560 | PORTO DA FOLHA = - Poco Redondof 893 20 | 555 40 3 50 10 D
02-0140 { CARIRA™ - _ Macurure 631 32 | 612 60 4 60 20 | D
02-0230 | FREI PAULO ' Vaza-Barris | 406 67 | 860 % 8 75 35 C
NOSSA SENHORA y
02-0445 APARECIDA - Mac:urure 347 39 430 60 5 0 25 D
02.0500 | PEDRAMOLE Vaza-Barris 79 62 | s | =0 7 75 - 40 C
02-0520 | PINHAQ - . Vaza-Barris | 152 62 | 298 80 7 15 40 C
02-0600 _RIBEIROPOLIS : Vaza-Bareis | 263 61_| 507 (] 7 15 40 c
030020 [ AQUIDARA -+ . P Macurure - | 370 | 15 | 181 |- 40 2 b 15 D
03-0150 | CUMBE o Macurure 131 15 61 40 2 60 15 D
03-0380 MALHADA DOSBOIS - [ Macurure 69 0 | 132 60 4 65 | .25 ‘D
03-0430 | MURIBECA - . | Sergipe 8z | 10 | 309 20 ] 65 40 C
: :
030460 | NOPSA SENHORA DAS | pfacoruie L as2 | s2 | 49 | s0 4 6s | 2z | b
03-0700 S-ROMIGUE.LDOALEU\O | Vaza-Bareis | 143 45 | 206 |: 65 .5 70 30 D
04-0050 [ ARETIABRANCA - .~ [VazaBarris | 129 | 209 | 857 150 17 75 65 AD
04-0100 | CAMPOQ DO BRITO - |Dome ---- | 200 | -75 | 476 70 B 75 35 [
04-0290 | ITABAIANA | Dome .7 | 338 80 | 854 70 & 75 35 C
04-0370 | MACAMBIRA . *- . ¢ |Vaza-Barrs | 137 65 | 285 | 15 6 . 5 40 c
04-0390 | MALHADOR SRR Vaza-Barris | 102 95 | 308 85 9 - 75 45 c
04-0410 | MOITA BONITA . | Dome - . o5 | 11 | 223 70 5 . 75 35 ¢
04-0650 | SAODOMINGOS -~ - - Vaza-Bards | 102 a5 | 243 5 ‘5 - 80 50 c
05-0550 | POCOVERDE © | Tucane 380 81 | 9a2 G0 B 65 |55 G-
050710 | SIMAODIAS - - . | |Vaza-Barris | 360 85 | 918 o | .8 ( 40 D
050740 | TOBIAS BARRETO ~. " | Bstancia 1119 33 |n170 -} 50 ‘3 70 50 D
060350 | LAGARTO T . [FEstancia 552 57 1,740 | €0 4 75 55 C
06-0580 RIACHAODODAN'I'AS © | Estancia 528 46 | 776 15 3 - 75 40 D
07-0010 | AMPARO DESAO FRANCISCO| Macarure 39 15- 15 in 2 60 - |- 15 D
07-0070 | BREJO GRANDE - . Qs ., | us | 38 et 600 90 93 160 A
070110 | CANHOBA .* . | Macurure 165 15. 81 40 .2 60 15 D
070160 | CEDRO DE sAOJvo ¢ | Macurure 13 83 | 207 65 6 65 25:1.D
07-0270 | ILHADAS FLORES - .. . lgis - 57 | 369 | 615 600 90 - 95 100 A
07-0440 | NEOPOLIS : © % [8ergipe | 249 | 208 2281 250 34 . 80 --f -85 .| AB
07-0470 kgﬁﬁ%ﬁgwm‘{mﬁ o |macorure | 80 ] 15 | a9 ]| 40 2 o {1 | D
07-0570 | PROPRIA "0 . - " . [Sergipe 95 | 262 | 794 300 42 15 65 AB
07-0730 | TELHA A ¥ S0y [ Macurare 56 37 61 .| 45 .. i 60 15 D
SANTANA DO SAO S e - _ :
07-0999 | PRANCISCO - 7. 1 Sergipe 47 | 213 | 406 180 23 80 85 AB
08-0130 | CAPELA - Macurare | 431 15 | 615 50 - 4 60 {20 R
05-0200 | DIVINA PASTORA Sergipe - 93 | 213 | 806 | 170 19 15 . 70 AB
03-0650 | SANTAROSADELIMA | Vaza-Barris 66 | 122 | 256 95 10 75 8 |- ¢
08-0720 | SIRIRI - : Sergipe 167 | 238 l1262 175 | 23 . 80 - 80 AR
09-0330 | JAPARATUBA "~ | Sergipe 374 | 218 {3209 | 215 29 80 85 A
09-0310 | JAPOATA .+ | Sergipe 397 | 269 [33m 160 19 . 80 80 -] AB
09-0490 | PACATUBA  © . | Sergipe 407 | 323 {4167 | 405 | b9 ne) %0 A
09-0530 | PIRAMBU - “ | sergipe - | 192 | 317 {2000 385 86 85 90 A
09-0650 | SAQ FRANCISCO | Sergipe 86 | 275 | 758 140 15 5 | 0 A-B
10-0160 | CARMOPOLIS [ Sergipe - 40 | 305 [ 386 25 | 41 80 8% |.A
10-0250 GENERAL.MAY\IARD . Sergipe 18- 289 <] ‘166 180 0 | 2y o 75 i) 70 A
10-0360 | LARANJEIRAS " I Sergipe - | 163 | 302 |1,564 235 0 15 70 A
“| 100400 |MARUIM - Sergipe o5 § 202 | ss2. | 195 - 23 5. 70 A-B
‘10-0590 | RIACHURLO - .- - |Sergipe - 78.{ 203- | 731 ]'180 * | 20/ f .9 | 65 | AB
10-0610 | ROSARIO DO CATETE Sergipe . | 103 | 302 | 993 260 - 34 80 75 AB
10-0560 | SANTO AMARO DAS BROTAS | Sergipe 237 | 323 f2434 | 395 570085 i 60| A
110030 | ARACAJU Sergipe - | 18) | 330 [1,901 FYT 65 30 95 A
15-0060 | BARRA DOS COQUEIROS Qs - 87 | 369 [1,030 600 90 95 100 A
110480 | NOSSASENHORADO. ;" I sergipe 1| 157 | 305 1,518 | 285 38 | s 8o | aB
11-0670 sAocmsvao C o v 1Sergipe - | 432 | 296 [37% 216. | 29 80 | -85 A
120040 [ARAUA ~ ~- & < - [Craten - | 194 72 | 444 B0 3. 80 50 C
12-0067 | BOQUIM , - - NI Craton | 213 76 | 514 50 3 80 60..| ¢
§2-0070 | CRISTINAPOLIS -~ -° Craton . 251 1 | 564 o | 3 40 ‘60 C
12-0300 [ ITABAIANINHA  “~ - = -~ [Craton-- | 480 | -85 | 991--] 45 - 2 80 w | ¢
12:0510 | PEDRINHAS . -~ ° " |Craton ° | 30 | 82 | 103 6 | -3, 80 70 | B
12-0520 | SALGADO. i | Cratoa - 255 8 | ns 65 |4 80 | &R
12-0760 | TOM. DOGERU <0 0 | Bstancia -] 337 50 | 535 45 3 -] 4]
12.0760 | UMBAUBA - - . | Craton - 1 124 81 | 319 55 3 80 10 B
13-0210 | ESTANCIA T ~ | Craton - 649 | 114 [2.347 0 ] -9 - 30 | 8 B
13.0260 [ INDIAROBA - - |Craten .| 311 ] 108 |1067 q0 8 - a0 80| B
13-0320 ITAPORAI\GAD'AJUDA Craton . | 767 | 110 2,638 B 1.9 | s, 85 B
13-0630 | SANTA LUZIA DO ITANHY | Craton 336 | 1o |1,172 70 -2 80 85 B

Note: . 1) Main aquifer: Q/S- Quatcmary covering, Sergape Basin, -2)Rate of fresh water: Fresh water means Cli is Icss |
e - Vthan 250mg/L 3 Success ra!e isthe suceess rale of“cll wnh yleld of more than Sm’lday UL T
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The Study on Waler Resources Development in the State of Sergipe, Brazil

324 'i‘otai Ev'lluation-'of Gruundwatcr Developmenf fotenti’al

Groundwater developmcnt potentlal was evaluated based on three f'lctors groundwater
recharge, well capacily and water quality. Taking the three factors into the consideration,
rank of groundwater potential by aquifer was evaluated, and the results is shown in Table-
3. 13 and Figure-3.8. The total cvaluation gnves 1mportant cntena on possibility of new
groundwater developmcnt in the future ' :

'la_b_le-3.13 Evaluat;qn of Gl?ﬂlllld\véter Pqtenfial by .Aql’lifer

Hydrogeowlogieal Unit - .

Groundwater

- Well
Capacity -

- Water

lotal
Evaluation

Alluvium covering Sergipe

Recharge

Quality

A-B

Alluvium covering Craton : o :
Tucano Basin .- i

Sergipe covered by Barreiras

Sergipe outcropping

Caninde Doniain

Poco Redondo Domain

Maranco Domain -7 o

Macurure Domain

Vaza-Barris Domain

Estancia Domain =~

Craton covered by Barreiras -

Sao Francisco Craton oulcropping - -
: Itabaiana Dome Craton =~ -~ ) I

' Nole .. 1) A - High, B -Médium, C Low, D Very low L
2) Barrelras Fon'nauon i excluded from Table above because of i 1ts poor capac1ty for deep W ells

B - B
B B

W=

==

A

ooncnoodo>>ww>
oo>oocdcbw>w>>

BleolivNoliwliall=llvliwliw
OO‘:IUOUUUU'

'.‘:.Rank,/\
| RankB R
RankC -:
Rank D ' _( 4

the:' Bafreiras Forcn:lal'iori is eiclijded frem thie Map

' |gure-3 8 Rank of Groundwater Development Potentlal
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. The Slrrdy on Water Resonrces Qevelopmelrl in the State gf Sergipe, Brazil
3.25  Promising Groundwater Devclopmcnt Site -
(1)  Alluvial Basm Aqurfcr :

Alluvnl aqurfer is locatcd in the coastal arca. Tlns 'tqurfcr has high permeabrlrty, and

greal deal of groundwatcr is possrble to be pumped up from this aqlnfer As thickness of

the Alluvium, however, is not great, over-pumping and conscquent sca waler 1ntrudes into .
the aqtnfer are worried. - Therefore, proper well locanon / yreld must be desrgned '

| (2) Sergrpe Basm Aqurfer

Serglpe Basin aqulfcr is the most pronnsmg aqurfer in Statc Although this aqrnfer ,
expands in large area with lngh permeability and good water quality, this aqurfer has not
yet highly developed so far.” Therefore, this aquifer is the most promising for new
groundwater development.  Figure-3.10 shows regional geological section including this
- aquifer. - This aquifer sometimes locates deep in the ground and drrllmg length must be.

100 to 200m, which is longer than the existing wells. ~ There is a possrblllty that

groundwater discharge by pumping exceeds groundwater rccharge because the aqurfer has

high permeability. ~ Sergipe Basin aqurfer is drvrdcd lnto some formatrons, and promlsmg '
- ones are descnbed below: T : R

- ~ Penedo Formatron and Serrara Formatron' Sandstone forms good aqurfer in
- Penedo Formation and Serrara Formation. - These aquifers locate in the northern -

- part of Sergipe Basin. Murrbeca Malhada dos Bors and Japoata mumcrpalrt;es RS

_ are located in this area. o
~  Sapucari Formatron, Angico Formatlon, Marulm Formatron and Agulhada -
" Formation: Limestone of Sapucari Formation, Anglco Formation, Maruim

* Formation and Agulhada Formation form good aquifers. These aquifers locate in
~ the middle part of Sergipe Basin, in the north - east of Aracaju city, and now
provrdes groundwater to Aracaju city as one of i rmportant Water resources.

.-_-'7 Marituba Formation: Marrtuba Formation locates eastem most part of Serglpe .

Basin along the coast.” This Formation forms confined aquifer covered by
" Alluvium, and is composed of limestone and sandstone with total thickness of

500m. ' This Formation forms the most excellent aquifer with the highest -
permeability of all the aquifers in Sergipe State.  In this aquifer Wells need 100 to_ o

- 200m depth for new groundwater development. o
-~ Tucane = Jatoba Basin: Sao Sebastlao Formation and Cuntuba Formatron locate '

eastern-most part of- Sergtpe State Sandstone of these formations forms good - - :

aquifer, and is important water resourcc beeause thls formatron is surrounded by’f
Precambnan rock wrth low yreld BRI B

(3). : Precambrran Rock

* Precambrian aqurfer is mfenor to the other aqutfers in- terms of quanttty and qualrty in

~ Sergipe States, and groundwater development in Precambrran aquifer is possible on a small
scale only for rural area.” On the other hand, areas wrth hrghcr development potentlal are

locally 1dent1ﬁed as deserrbed below _ SRS P T :

Salgado, Lagarto, Lstancra Area' Salgado, Lagarto and Estanera areas are :

located in Estancia Domiain and Sao Francisco Craton. Lagarto Formation of E
Estancia Domain has boundary with - gneiss. of Sao Francisco Craton, and the = -

boundary with many I‘issures sometimes forms good aquifer. ~However, Barreiras
| Formation covers this area wrde, and the boundary is usually dnftrcult to be found

e
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L The Snmj' on Water Resonrces Development in the State of. Sérgtjve, Brazil

— Itabaiana Dome and Vaza-Barris Area: Gneiss of ltabaiana Dome forms good
aquifers, and Frei Paulo Formation and Ribeiropolis Formation of Vaza-Barris
Domain also form good aquifers.

- Penedo formation and Serraia -
formation o _

| Saphcarf formation, Maruim

"~ Formalion and Aguilbada .
formation :

' Alluvial / Sergipe Basio Aquifer

. M%_ﬁituba formation

/- S'algadt;,.L'ag.arto,' A
EstgngiaAre:_u -

_Figﬁr673.9 i"Prom'i_sing' Gr(:)uhdw'at_er D_evgloptmé‘nt Sit_é e

LI

Lo 'Gréuhd;'}a.l»er'f!.éc.hargez\ré BRI
i N(i fof Sergipe Formtion ©- - TcmaryRock  Alluvium .

.
LR . P

g

— Oceanc Alldntico ™

TS,

i
!

/71

L3
.

" Pre-Cambrian Eio; .

‘ S&gipcGroup R

Escatay: Vetical 110000 Lo K :
. Hoaiz_u_nt;ll_:m_m B

] :

© 7 Figure3.10 Regional Geological Section

ST Main Report
e (1-100) ' R



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

(,HAP I‘ER 4 WA’I ER RESOURCES DEVEI OPMENT PLAN

4.1 Objectlves, Policy and Goal

.l 4.1.1 Objectlvcs of the Plan

_ Toward the target year of 2020 a plan of water resourccs development and management
~which is a state vision from the water sector, is proposed through sustainable water
“resources devetopment for the purpose of securmg stable life of the state people 'l‘he '
Z objectrves of the plan is sct as follows: : SRV

1) - to supply clean and enough water for state people through pubhe water supply :
2) - to supply industrial water through publlc water supply for the growth of
-+ manufacturing industries. -

" 3) - to supply irrigation water to agrrculturally potenhal land for the achlevement of
. high productivity. . .. : 7
4) to maintain cnvrronmental quahty through sustalnable water ‘resourees o
' development . T S

;4.1l2 B Planmng PO]IC) _
1.(1) - Future Water Demand

~. Concerning domestic water demand the demand requrred for 1mprovmg the levcl of
existing water supply services (service level lmprovement demand) shall be gauged,
jtogether with the demand that takes future population increase into account (population .
" -increase demand) The service level improvement.demand refers to the demand made

‘necessary by increase of per capita consumptlon and supply rate, resultmg in 1mproved
~living standards. - The population increase demand is nccessary to gauge demand for the

‘possible cases where population movement from rural arcas to the cities contmues and
~ urban populatton concentratlon reaches a peak :

Industrial water demand and agncultural water demand are strategte water demands

- concerned with economic vitalization.  Since this is demand for water needed to achicve -

. the correction of regional disparitics in the state and the mitigation of poverty (important
issues in water resources development projects), it is necessary to slrtke a balance wnh the
long -term development plans and mdustnal development plans B :

In this Mater Plan Study, the “strateglc scenario®, in whlch populatlon and lndustry was
- redistributed in consideration with decentralization,  is ‘adopted, since the Aracaju .

cosmopolitan area has already been saturated with populatron and industry, and

. decenlralization is also advrsable in the vrew pomt of water supply and development in
' ScrglpeState R . : : RERE i i

(2) | Water Resources l)evelopment

| [he water resources to be targeted are surface water and groundwater wrthm Sergipe State

Surface water to be targeted for development refers to the waters of the six rivers that flow .

- through Sergipe State, i.e. Sao Francisco River, Japaratuba Rrver, Sergnpe Rwer Vaza :

* Barris River, Piaui River and Real River. - Sao Francisco River, which is a major river e
~ flowing through seven states, is the most stable water resource of the said rivers. Water ~

~ quality, cspecrally saline contamtnatlon, shall be taken mto aeeount for water resources
devclopment : : L SR _ _

= __ : ‘(:l-lOl>)-'. L
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Atthough groundwater can not be expected to provnde as much water potenttal as Sllrf’lCC
* . water, it is more economical and convenient water source. Groundwater sources could be
made usc as the domeslic water for small and medium towns, and moreover it eould
_ complcment surface water sources of urban and large rural cities.

In the westem and northern semi- arld districts in the state, rainwater is commonly used as
water resources by directly collecting and storing rainwater. However, as its reliability is
- relatively low and water truck must assist to supply water in a dry year rainwater source is
not applred in thts plan :

- (3) Water Supply

' Concernmg surface water development faclhtles exammatron shall ﬁrst be earned out on
~ the plan for water conveyance from Sao Francisco River, which possesses the most stable

. and abundant potentral Xingo Dam, located in the northern tip of the state, is a
promising intake pomt that allows waler to be supplied over the widest possible area.
Regarding the other rwers mtakes welrs dams, reserVonrs and other development facrhtles
. shall be exammed AUNER B e S :

o ln drstrrcts whtch cannot be covered by the above water conveyance plan or mtake weir,
- dam and reservoir plans the approprrateness of groundwater use shall be ascertained.
. Conceming groundwater that possesses high salt concentration, the feasrbmty of usmg
desalmatton to 1mprove water qualtty shali be exammed o : : :

5(4-) B Implementahon of PrOJect

" The eonstructlon of facrhttcs contamed in the Master Plan should be 1mplemented step by

o 'step in line wrth mcreasmg water demand. Facrllttes for domesltc water supply shall be
. constructed - in line wnth populatton increase.  In the case of industrial water and

,' agrlcultural water, since plans also exist for the construction of basic infrastructure not
related to water supply, facilitics shall be constructed in accordance with plans laid down

- bythe state for long-term industrial development. The project for water conveyance from

- Sao Francisco River should be a multi-purpose project intended to supply mumcrpal and
: Vtmgatton water to the semr arld belt and other districts. e

' tS) Instrtutlonal Plan and Operatlon & Mamtenance Plan e

' An nnportant faetor in water resources development and management is lhe achlevement
-~ of an appropriate distribution of limited water resources to cach consumer sector and the
. proper operatton of the drstrlbutton system ' In vrew of tl‘ll_S the foliowmg measures are
- requrred ,' l‘.. S L DR
S Settmg up of a system for coordmatmg the mterests of each consumer sector
- (public water supply, power generation, mdustry, tourrsm, envrromnent etc.)
.= Cost recovery and demand control through pricing - - :
R Participation of users and resrdents and decentrahzatron m the area of water
- . ;- resources management and development i %% ST
P Inslrtutronal development for the 1mplementatron of multl purpose pro;ects

e e ~ Main Report
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4.13  Goal of Water Resources Developrnent and Supply :

The goals of water resources development and supply as well as rrver basm management
are set as follows ' .

(ny - 'I‘arget Year _ : o
Target year for the Master Plan was set at the year of 2020

2) Domestic Water Supply '
- (a) Water Supply Rate '

T he goal of domestic water supply rate 1s set to provrde elean water to urban and rural
population in the fo]lowmg manners o : . -

— - For urhan areas: to contmue and aehteve complete COVerage (100%) in 7 S

. mumetpahty capitals. Lk _
- - For rural areas: to provide water for 60% of the rural populatton wrth the prrvate-_ :
 tap system and for 25 % with the public-tap system by 2020 Total 85% of rural '

~ population will be supplted with clean water. - - o
.~ Replacing pubhc tap to private-tap: Half of the present publrc -tap. systems in the -

- small rural areas are to be replaced with the prtvate tap system by 2020. "

Table-41 Domestlc Water bupply Rate IR

Year .| 1997 | 1998 | 2000 | 2005 | 2010 | 2015 | 2020 |-

‘ U_rban \l.'ater'SupplyRate 17.[.10% '_100% 100:%- dll_OOleo IOO% 100% | 100%

‘Rural Water | LargeRuralArea | 21% | 2279 2619~ 34.64  43.04 5159 . 60%
Supply Rate — —- '

Small Rjural Area | 1% | 1asW 1549 1789 202% "'22':6%'; 25%
©orotal | 35% | 3729 415 524 C632% - TA4Y - 85%

Note:  Rural nater supply rale was sel by municmahltes based on the present supply rate Bul the rate m 2020 is
<. samein \'.hole the Sergtpe State. Lo e . . s

' (b) _ Water Supply Loss Rate

~ The total supply amount of water requtred is obtamed by addmg the margm for Iosses and o

leakage to total water demand to be consumed.  The margin should cover losses and ...

- leakage, which occur at intake, eonveyance, treatment, distribution etc. ‘For pnvate-tap
system, present water loss rate is set at 42% and the goal of the- future improvement ~ -
program is sét at 25% in 2020. - For public-tap system, 10% i is employed a§ water loss rate. o

Thus the desrgn water supply toss rates are set as follows B = SR

Table-4 2 Water Supply Loss Rate

CYer | 1997 | 1998 | 2000 | 2008 | doi0- 2015|2030

Water - | Private-tap System | 42% 13% 4000% 3625% 3_2._50% 28 5% 25%'

Loss Rate | Public-tap System { 10% | 10% | 10% [ 10% | 10% | 10% | 10%
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(3 lndustnal Water Supply

' Induslrlal water supply rate is defined to be a ratio of total industrial water demand to
public indusirial water supply (by prnvatc—lap systcm) “The industrial water supply rates
were set by micro-regions as shown in-Table-4.3, in accordance with the current rate of
DESO’s water supply to mdustrles as well as industrial development strategy and water

o rcsources potontlal

The rest of mdustnal water to be not supplled by pubhe water supply system namcly
private industrial water, shall be obtained 1nd1v1dually by mears of decp wells
development at the near sﬂe of factorles : :

Table-4 3 Industrlal Water Supply Rate through Publlc Water Supply '

E S Year U0 | 1997 | 1998 | 2000 | 2008 2010 2015 | 2020
SergipeState .. .~ .| 5%t s% ] 5% | 10% ) 15% | 20% | 28%
01- Sergipana do Sertao do Sao Francisco| 9% 9% | 9% | 25% | 42% | S8% | 75%
02-Carira - =~ . ol 1% 1% 3% ) 53% | T1% _100'%
03- Nossa SenhoradasDores =~ =~ | 3% | 3% | 3% | 15% | 26% | 38% | 50%
04- Agrestede ltabaiana - | 10% | 10% [ 1% | 14% | 26% | 38% | so%
05- Tobias Barreto ... = - | 30% | 30% | 3% | 21% | 39% | 51% | 75%
06- Agreste de Lagarto ~ © 0% 0% 0% 13% | 25% | 38% | 50%
07-Propria | 2% | %[ 2% | s%| 14% | 19% | 25%]
08-Cotinguiba . - - | 0% | ow| ow| 6% | 13%| 19%]| 25%
09-Japaratuba -~ - 2% [ 2% | 2% | 8% | 13% | 19% | 25%
10- Baixo Cotinguiba _: = .. - | 0% ) 0%|. 0% | 6% | 13%| 19%| 25%
N-Aracajn 0 0| W% | 4% | W% | 17% ) 19% | 22% | 25%
12:Boquim -~ 0 % | T a% | 3% | 15% | 26% | 38% | so%
13- Bstancia -~ .. 0% | 0% | 0% | 6w | 13%| 19%| 25%

l"f";i @ Agncultural WaterSupply

Imgatlon proiects are planned s0 as to contnbute 1 % in the 5 % of pro;ected GRDP.
- growth, - Thus water resources development for 1mgatlon is planned to satlsfy the water_
demand of those 1mgatlon pro_]ects : . . S

(5'.) - Water Resources Management

h _Instltutlonal and Jundlcal proposal and plan is made in order to maintain sustamable water
~ resources development and conservation, and to properly 1mplement proposed prOJects for
* water resources development and supply o e A
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