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

134 Ralnfall Observation Networl

SUDLNF took over operatlori of most of the rainfall .gauges (59 stations) in Sergipe in
1963 as part of the Northeast Basic Hydro-Meteorological Network. Since 1991,
SUDENE has not coliected the rainfall data but instead relies on data provided by

- EMDAGRO. | EMDAGRO operates or collects data from 44 rainfall stations located near
o toits reglonal offices located across the state. ANEEL operates 8 rainfall gauges in

. Serglpe in conjunctlon with rts network of river flow gauglng stations.

' As descnbcd above, darly data for 59 statrons is avallable on the SUDLNL database for the

- . period from 1963 to 1984. - Monthly data for some of the stations is available until 1991,

Recent data across the state is available from EMDAGRO for the period 1985 to 1997, but

- - only as monthly totals. * Daily data for 6 of the ANEEL statrons is available for periods of

B _over 40 )‘rears llre avallablllty of monthly ramfall data is shown in Table L15.

' _ln order to study the varlatlon of ralnfall across Serglpe, the SUDENE and EMDAGRO

. data was combined to give a 30 year period (1968 -1997) of available month]y rainfall data.
- In addition, the ANEEL statrons were included as the only current source of daily rainfall
o data 'lhesc statlons arc llsted ln Table-l 15, The avallabrlity of data and the 'mnual
average of the raw data for each statlon are also shown '

Table-l 15 Avarlabrhty of Monthly Rarnfall Data (1968 1997)

Pbly SUDENE :3 Stahon Name . Average 1968-97 | Poly S_UDENE §tat|orlNam¢ Avérage l968-977
No. | Post l\_to i : mm/yr | No. Years| No. -{ PostNo. el w50 mmdyr | No. Years
) 389 4341 CanmcledoS Flanusco 5418 | 8¢ 16 | 4815501 [Campo do Brito 1261.7 23
+ 1389 4666 [Poco Redondo = . " [ 3539 | 1 17 | ANEEL s:mtaRosadelma' 11967 30
2 [389 $848 [pong da Folha S sees L a8 3667 |Larmajeies A2 28
3 4804Q93 Mon!eAlegredeSergtpe 81438 | 18 ANEEL Belem . 5394 D30
4 |480a761 [Carica 0 a2 | 28 | 19 | asiss Aracaju(tne Auporl) 1547 | 27 -
s [4s05282fiabi oL agaa | 20 | 20 | 4816211 |raparatuba 14971 | - 28
6 4805418 l\ossaSenhora da Gloria 807.2 30 _ ‘ 4824155 Rrachodoi)antas 4 10752 20
7 (4805595 |Aquidaba - - 9923 | 26 | 21 | 4824303 [TobiasBareto | 8686 | 21
8 | ANEEL [Propia ~ - I siso| 20 . | 22 | 4824467 fpcdrinhas . | asms [ 28
9 |4806971 [Pacatuba . | 13188] 28 - | 23 | 4824545 [kabaianioha - | 10700 | . 28
10 [4813462 |Poco Verde [ 6967 | 25 | 24 | 4824574 fArmwa - 0 0 | 9870 | 28
1 |481 4194 |FeeiPailo T Losas | 29 |+ | 4324732 [TomardoGen | m232 | 14
12 [481 4443 [SimaoDias - | 9898 | “20 - | 25 | 4824768 |Umbauba - 12809 | - 25
13 [4s14868 fLagano .0 - T risas| 29 |.ie i) 4824949 [Cristinapotis e Y| 1342 ] 2
O 4815616 Rtbeut»polls : 'f928 S 29, 26 | 4825062 SaoCnstovao | 1sisa yr 3
14 4815057 NossaSenhorasdasDores 10935 29 27 | ANEEL- [Salgado-. - 13:96.8 28
15 13012 30 " | 28 | ANEEL [Estancia .| 16518 | - 30
| 29 | 4834098 [indimoba 1 | 16025 | 24

; : -

. nolmcluded for'l'h ssen Polygons No. ‘r’ears': number of years with complete data

R 5_'135 ' Ramfall Characterrstrcs |
' -'_"'(1) Varratron of Annual Ramt‘all

g | Annual average ramfall was calculated for the 29 selected ramfall stations. The annual
. average isohyetal map based on the avallable rainfall data for the 30-year perlod from 1968
e _to 1997 is shown in hgure-l 5 'lhe location of the 29 stations is also 1nd1cated '
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- The Study on Iater Resources Development in the State of Sergipe, Brazil

The variation in annual rainfall for four typical rainfall stations is shown in Figure-1.6.
The four stations selected iflustrate the different climate regions described previously;
namely Caninde do Sao Francisco in the Semi-Arido region (annual average rainfall = 538
mm/ycar), Nossa Scnhora das Dores in the Agreste region (1,098 min/year), and Aracaju
(1,514 mm/year) and Estancia (1,652 mm/year) in the Leste region.  From Figure-1.6, it
can be seen that there is considerable variation in total annual rainfall from one year to the
next - for example at Camnde some ycars have as liftle as 200 mm of rainfall (less than
40% of the long term average) whereas others have 800-900 mm. . This trend is
parucularly noticeable i in the Sertao region but can also be scen in the Agrcste and Leste
rcglons whcrc lhr., ramf'\ll in dry years is around 50 60% of the iong -term average
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 Pigure-1.6 - Variation of Annual Rainfall

(2) Varlatlon ofMonthly Ramfail | _

- The variation in monthly average ramf‘lll for lhc four iyp;cal ramfall slallons is shown in’
~ Figure-1.7.": As described in the section on meteorologlcal data, the year is clearly divided
- into a rainy winter season (April to July) and a dry summer season (Oclobcr to January} in

. Sergipe. - This seasonal variation is observcd at all thc ramﬁil slallons across Serglpe and
s clcarly shown in hgurc—l 7 ' :
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(3)' Probable Ramfall

. Probable annual ramfall was calculated usmg the 30- year data pcrlod for a rangc of relum" i
~ periods assuming a normal pmbablllly distribution.  Both minimum and maximum o
_ probable annual ramfall was calculated and those for al 29 stallons are shown in Table- o
1.16. '
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. The Study on Water Resources Developnient in the State of Sergipe, Brazil

Table-1.16 Minimum and Maximum Probable Annual Rainfall

No.

Unit: mm/year

1 2 3 4 5 3 R 8
Station | Canindedo Porto Monte Alegre .- . - | NossaSenhora . .
Nanig S. Francisco da Folha de Sergi;gac . Carira o | Tabi da Gloria Aquidaba Propria
Ann. Ave.| - 5380 - 5880 8149 | . 7692 966.2 8012 1061.7 8130
RtnPeriod| Min. | Max. | Min, | Max. } Min. | Max. | Min. § Max. | Min. | Max. | Min. | Max. | Min. | Max | Min. | Max
D3 {4543 621.7] 4980 6780 680.5 | 9494 | 676.7] 861.6 | 8389]1093 5| 7135 9008 | 910012134 | 689.8 ] 9303
4 4069 | 669.1 | 447.0| 729.0] 604.4 [1025.5] 624.4] 913.9| 766911655 | 660.5| 953.8 ] 824.1[1299.3} 621.7] 9934
“5 (3mas| 7005|4120 | 76407 55221072.7] 885 | 919.8| 7175 12149 6242 9901 | 765213582 5750010451
10 | 289.0] 787.0| 320.1 | 855.9] 414.9{1215.0 | 434.0[1044.3 | 587.5 [1344.9 ] 5286 [1085.8{ 6102 [1513.2| 452.1 li1679
S 15 . | 2463] 329.7| 2742 | 901.8 346.3 |1283.5 | 446.9 |1091.4 | 5226 |1409.8 | 480.8 [1133.5 | 532.9[i590.5] 390.8 |122922
20 | 2184 857.6| 244.1 | 931.9] 301.4 13284 | 4160 11223 ] 4801 14523 1 449.6 |t164.8 | 4823 t6a1.1 | 350.7 [1269.4
25 | 1978 8782 2220 954.0| 268.4 [1361.5 | 3933 [1145.0] 448.8 14836 | 4266 }1187.8 | 4450 [1678.4| 321.1 12989
30 | 1816 8944 204.5] 971.5] 242313876 | 3754 [1162.9| 424.1 |1508.3 | 408.4 [1206.0 | 415.5[1702.9] 297.7 13223
40 15229188 ] 178.2] $971.8 | 20%.1 [1426.8 | 3484 [1189.9] 382.0 15454 | 381.1 {12333 ] 3713 1752.1 | 262.7|i3574
50 1389] 937.1| 158.6[1012.4] 173.8 |14s6.1 § 3283 12100 3593 1523, | 360.7 12536 3382 17852 2365|1383 6
- 100 86.0| 990.0| 101.611074.4 | 88.7|1541.2 | 269.8 |1268.6] 2787 |t653.7| 30t.4 [1312.9] 2422 [1881.2] 1603 |1459.2
" No. R 10 1 12 13 4 15 S 16
Ann Ave. ] (13129 | 6757 940.5 9760 - | 11570 10984 - 13012 12505
RinPerdod | Min. | Max. | Min. { Max. | Min. | Max. | Min, | Max. | Min. | Max, | Min. | Max. | Min | Max | Min. | Max,
<3 “|1ives |edavo| sszo| 7633 ] 833.9 |1047.1| 8726 [1079.6 | 9626 Jins1.4 | 9722 [1224.7 [n4s 14542 110844 |1a166
4 |1099.7 {15260 |- 53841 8130 773.6 11074 ] 8140 [1138.1 | 852.6 |1461.4 | 900.7 |1296.2 |1061.5 |1540.9| 9903 |15107
o5 0 hodso|is1se | sod4)| 470 32211488 7239 1783 | 7197.2 153691 851.7 [1345.2 |1002.0 |16003 | 9259 15752
210 o018t | 4148] 9366 6233 12577 | 6682 12840 5786 (17354} 7227 [1474.2 | 845.7 {7567 | 7562 17ade
s 838.5 (17872 370.1 | 981.2| 569.0 {13120 6154 [1336.8] 4795 |1834.5] 6583 15385 | 767.7 {18347 | 671.5 18295
D20 | 1930118327 | 3408 [1010.5| 533.4 [1347.6 5309 13703 | 4146 |1899.4| 6162 15807 ) 7165 [13858 | 616.0 |1885.0
025 -] 7596 1866t | 393 10321 507.2 [1323.8 | 555.5 {13967 | 3669 [1947.1 | 5852 [1611.7] 679019234 ] 5752 19258
.30 | 13 189261 3023 [1049.1 | 486.5 113945 | 5353 14169 329.1 [1984.9| 5606163621 6492 1953.1 | 5429 [1958.1
40 | 693419323 | 2767 [1074.7 | 455.4 [1425.6 | 505.2[1447.0 | 272.4 [2041.6 | 523.8 16731 | 604.6 [1997.8 | 494 5 [2006.6
" 50 . | 6638 [1961.9| 2576 [1093.8] 4322 [1448.8 | 4826 [1460.6 | 230.1 {20839 4963 |1700.5 | 5702 Po3n.1 ] 4583 hos27
© 100 | 577.6 [2048.1 | 202.1 |1149.3 | 364.8 Jis16.2 | 412.1 [1535.1] 107.0 |2207.0] 4164 |1780.5 | 474.3 21280 3334 |21479
No. "] w17 =] 718 e -0 ] 22 23 | A
Name | dobimn |50 | oo uporg] rots | gt | petiohs | vabaninta | avwa
Arn, Ave.] - 11967 - 1539.4 15140 - 1526.3 ' 830.1 15489 | - 10532 991.3
RinPeriod | Min. | Max. | Mia. | Max. | Min. | Max | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max { Min. | Max.
3 [1046.0 |1347.4 13822 16965 |1347.6 [1680.4 [1347.3 |1705.2 | 6733 | 986.9 [1343.0|i754.8] 9237 fi1s2.6] 855011222
4 960.7 [1432.7 |1293.2 {1785.6 [1253.4 [1774.6 [1246.0 |1806.5 | 584.5 [1075.7 [1226.5 |1871.3 | 8504 12559] 7177.8 12049
L5 0| 9022014912 |§232.2 |1846.6 [1188.8 [1839.1 [1176.5 [1876.0 | 523.6 [1136.5 [t146.6 [1951.2| 800.2 [1306.1| 725.9 [1257.8
10 | 7483 [1645.1 10716 12007.2 1018.8 [2009.1 | 993.7 |2058.8 | 363.4 [1296.8 | 9363 |2161.5 | 668.0 |1438.4 | 585.5 |1397.2
15 | 671.5 17219 9915 {2087.3 | 934.0 [2003.9 | 9025 [2650.0 § 2835 {1376.7 | 831.3 [2266.5 | 6020 [1504.4| 516.0 {14667
a0 621217723 ] 939.012139.8 | 878.5 [2149.5 | 8427 22098 | 231.1 {1429.1 | 7626 |2335.2 | 558.8 [1547.6 4705 {15122
C250; | 5841 11809.3 | 900.4 [2178.4 | 837.6[2190.4 | 798.8 |2253.8 | 1926 {1467.6 | 712.0 23858 | 527.0 [1579.4| 437015457
30 | 554818386 | 869.9|2208.9] 805.2 22227 | 764.0 12288.5 ] 162.1 |1498.1 | 672.0 [2425.8 | 501.8 Jte0d.6 | 4105 [15722
40 - | 5109 [1382.5| 824.0 12254.8] 7567 {2271.2 7018 [2340.7| 1164 |1543.8 ] 6120 [2485.8 | 464.0 |t642.3] 370.7 |16420
50 -] 4781 |19153 | 789.8|2285.0{ 7205 [2307.5 | 672.8 [2319.7 - 822 )1577.9] 5672125307 | 4359 |1670.5 | 34t0f1601 7
100 3827 |2010.7 | 690.3 [2388.5 ] 615.1 124128 ] 559.5 [24930 - l1677.2] 4368 [2661.0F 3539 75241 2547 [17280
CNe. | as o s 21 . 28 29 . - . : :
Statton 1+ yptauba | 580 | gireade | Estancia | Indiaroba
. Namé -] ..~ 7 Crislovao E - A
= |Amn.Ave] & 12340 14853 | - 13968 - 16518 - 1612.1
Rus Period] Min. | Max. | Min. | Max | Min, | Max. | Min. | Max. | Min. | Max.
o3 [H097.3]i370.8 [1312.5 | 1658.1 | 1238.4 | 1563.6 14614 |1842.2 | 14221 | 17922
T4 fio19.8 14482 {12146 17560 |1146.4 |1655.7 [1353.6 | 19500 | 13223 19019
s |-966.8]{1501.3 {1147.6 |1823.6 [1083.2 [1713.8 12797 2023.9 | 250.5 [ 1973.8
10 | 821.0]1641.0] 971.0|1999.6] 917.1 |1885.6 {1085.1 [2218.4 | 1061.4 f2162.8
s 0| 751317107 | 882.9 |2087.7 {  834.2 |1967.8 [ 988.1 |2315.5| 967122572
2200 ] 711617564 | 825.2 f21434| 779.9 [2022.t | 9245 [2379.1| 905.3 23190
.25 | 678.1|17900] 782.7 [2187.8 | .740.0{2062.1 | 872.7 [2425.8 | 859.8|2364.4
7307|6515 18166 | ' 749.1 122214 | 708.4{2093.7) 8407 {24628 | 823.9|2400.4|
i+ 4007 6116 |1856.5 | 698.7{2271.8 | 660:9 |2140:1] 785.2|25184 |- 769.9 | 2454 4
- 50 |.s81.8]18863 | 661.1|2309.5| 625.5 [2176.5| T43.7 |2559.8| 7296 |2a946) .
_ 1007 | 4952 |19729] 3557 |24189 ] 5226 |2279.5| 6232 | 26804 | s12.4 J26118]
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" The Study on Water Resources Development in the State of Sergipe, Brazil

14 Tydrology
141 Rwer Svstems o

‘There are six main river systems drammg the State of Serglpe, namely, from north to south,
Sao Francisco, Japaratuba Sergipe, Vaza Barris, Piaui and Real rivers, of which basin
‘areas are shown in Table-1.17. 'Ihe six nver systems are shown in Flgure l 8 and are
) deserlbed bclow . SN T SRR

Table-117 Ri@"_Bﬂ?iﬁ Areas in Sergipe State -+

_ Rwer Basin Total hra?l?:?scb Japarat_aba Sergipe | - l;'; ali?s Piavi - Real
Basm Areas (km) ] 22050 72160 f 0 1L,12 3,673 | 2,559 4,262 - 2,558
' Percentage of Sergipe State| 100.0% | 33.0% 78% | 167% | 11.6% 19.3% 11.6 %
Total River Length (ki) 3,734 2,700- - 124 210, - 410 . | 150 © 140

< Sao Francnsco RlVEl‘> D T SR T g :
Sao Francisco River is the longest entlrely nattonal rlver in Braztl and is the mam source of
:surface water in the Northeast region. ~ Its basm covers a total area of 640,000 km’. S [
~ forms the boundary between the states of Serglpe and Alagoas before ﬂowmg 1nto the '
‘Aflantic Ocean. The prlnelpal trlbutartes wnthm Serglpe 1nclude the Curltuba Jacare g
‘Capwara Garam, Canhoba and Betume rlvers ' S CoLE

<Japaratuba River> R : : : : o
vJaparatuba River is the smallest of the rivers m Serglpe, covermg iS mumcrpahtles Its
source is in Feira Nova, about 10 km from the mumcrpallty of Gracho Cardoso ~The mam
_'tributanes arc the Japaratuba Mmm on the teft and the Smn on the rlght IR

< Serglpe Rlver> e S SR Sy :
~ Sergipe River orlgmates in the State of Bahla near the border wnth Serglpe and ﬂows the B
Atlantic Ocean at Atalaia Nova beach near Aracaji city. "The main (ributaries are the

,Socavao Jacarecica, Cotinguiba and Poxrm nvers all of whtch are on the rlght bank of the o |
-_mam SerglpeRlver ' s SRR ; I

_<VazaBarr1sRlver>3:’--_'::"' SR - SHE o

‘Vaza Barris River orlgmates in the mumctpahty of Uaua m the State of Bahla at an

elevation of over 500 m. It has a total length of around 410 km, of which only 152 km i IS_
* within Sergipe State. The total basin arca is 16,229 km?, the majority of which lies in

~ Bahia State with only 15% or 2 ,559 km? lying within Sergtpe State makmg up.11.6% of L

' :the state area. - In spite of its significant basin area, the discharge m Bahia is mtermtttent '
and it is only within Serglpe State that Vaza Barris Rlver becomes a perenmal river. - The

" main tributaries in Sergipe are the Salgado and T ralras r;vers, both of whlch ]om the main '_ o

Vaza Barris Rwer frorn the leﬂ bank

'<P|aulRwer> ' g R R ST A RS g T :
~Like Sergipe Rwer, Piaui Rwer also orlgmates m Bahta State close to the border w:th
Sergipe State, at an elevation of about 460 m where it-is known as Jacare’ Rlver The

main trnbutarles are the Araua on the right bank and the Pramtmga on the leﬂ bank R

< Real River >

Real River forms the westem border between the states of Serglpe and Bahla ﬂowmg for e

about 140 km from near the mumc1pahty of Poco Verde to the Atlantic Ocean at the Plaul
river mouth. - The total basin area is approxrmately 4,800 km2 of ‘which 2,558 km?.
located in Sergipe. - The mam tnbutanes wnhm Serglpe are the Jablben and Itammm nvers
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The Study on Water Resonrees Development in the State of Sergipe, Brazil

1.4.2 Hydrometric Observation Network

The main organization responsible for the collection of river flow data throughout Brazil is
"ANEEL, the federal electricity generator. - Within Scrgipe State, ANEEL has 12
operational flow gauging stations. The location of the ANEEL and CHESF flow gauging
stations are shown in Flgure-] 9. ' o S

In addmon to lhese main rwers, both COHIDRO and DESO undertake river flow
measurement on an intermittent basis on smaller basins throughout Sergipe. DESO carry
out flow gauging at 89 points, mainly in the Leste-Sergipano region. . COHIDRO started a
program of flow measurement at 44 points between 1995 and 1997 including some non-
perennial rivers in the north of the state, but this program has now been suspendcd due to
- lack of funds. Neither of these organizations have staff gauges at the ﬂow mcasurcment
T pomts S0 therc isno record of dally water level :

The avaliablhly of dally dlscharge data at lhe 12 ANEBL ﬂow gaugmg stauons and thc 4'

CHLSF flow statlons on Sao I*rancmco Rlver is mdlcatcd inT: able 1.18 bclow

Table-l 18 Availablllt) of Dlscharge Data

" Noles:
o0 HIQEqm:
CQm :

number of H/Q equations ", =~
nurnbcr of d:sehargé mcasurcmenls

No. | cHESF .‘ Statlon_'- Rlver Basm y Perlod . No. . Comments
R R Years N
1. . | Piranhas - S. Francisco | S. Francisco | 1960 —71997 32 5 years missing
2 S P de Acucar| S. Francisco | 8. Francisco | 1927--1997} -.70 N
3 - " Traipu . | 8. Francisco | S. Francisco [ 1986 - 1997} 12 _
4 T - Propria - S Francisco | 8. Francisco | 1927 - 1997} . 31 - _ Smce 1965 -
No.| ANEEL | Station |- Rl\er | Basin | - Period No. - HIQ Fgn Qm
FPREREE _ _ R ~no..o| Years o
s | 49705000 | Propria | . 53 | 530 1999 joss{ 19 | 6 - | 157
. SUETEEE TP | Francisco | Francisco R I N
6 | 50040000 | Japaratuba | Japaratuba | Japaratuba |1969— 1993} 25 - '3 232
7 | 50042000 | Faz Paode | Japaratuba | o e (197321003 10 |1 | 388
- e Acucar - Mirim N I T S
8 | 50043000 [Faz. Cajueiro ’ai‘;‘;fif]:ba saparatuba [1973-1993 19 [ 1 | 304
9 | 50046000 | - Siriri .| ¢ Siriri - | Japaratuba [1973-1993] 19 2 | 421
10 [ 50047000 [ REEA O | i | Japaratuba |1973 - 1993 19 | s
- Catete .| - : . St : . .
. . | Santa Rosa B . ‘L . '; ; K .
11 500 30000 de Lima :Serglpc_a Sgrg'lpg 19?2ﬁ 1993 1.3 g : l , 227
1250169000 [ "% S | Vaga Barris | Vaza Baris [ 1985 —1993| 9 | 1 | o5
13 | 50191000 | Faz Belem | Vaza Barris | Vaza Barris | 1971 - 1993 23 . 3.1 29
14 | 50230000 | Estancia | Piauitinga | - Piaui [1950—1993| 44 | '1- | 240
15. ] 502 50000 Faz. Tourao | . Real . Real 1978 — 1993 6 - 2 83
o | o Manhi Oy o o o DU I o
t6 | 50290000 “@ahimy | Rel | Real f1966-19931 26 | 1| 164
No. Years: number of years complete dally da!a

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

. 1.4.3 River Flow Couditimﬁ

(1) V‘arntmn of Monthlv Dlsch‘\l ge

lhc 'mmlal vamtlon of dlscharge fmd spccnhc dlsclnrgc for each of lhc six main river
_ systems is showu in Figure-1.10.  The ratio of maximum to minimum dlsclnrge (or
. cocfTicient of river regime) for the ﬁvc rivers except Sao Francisco River can be seen to
vary from 4.88 for Piavitinga River, which has a high base flow from grcundwatcr springs,
1o 12.50 for Real River which Ins most of its upper catchment in the semi-arid interior.
~ The valucs of coeflicient of river regime for the other rivers are 7.62 for Vaza Barris River
~at Fazenda Belem, 9.54 for Japaratuba River and 11.25 for Sergipe River. The variation
_ of discharge in Sao Francisco River is almost the opposite of the other five rivers,
pre*:umably because of the rcgulatony effects of the dams and reservoirs constructed in lhc
s _upstream Also thc rauo of m'lxnmlm to minimum dlsclmrge is much lowcr at 2. l3

' Rm Szo Funcisco Propli: Suuon (491 05000) R:n J:p:utub: J:plutuh: Station {500 40000)

o Average Discharge (1327 - 95) : B ; Average D:sthuge (1969 -93)
5000 TS T e b o s e ey 10 - _ 1] —

e ﬁig‘ug‘;;fliio
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" The Study on Water Resources Development in the State of Sergipe, Brazil

(2) Flow Reglmc Analysns

Daily discharge data from the ANLEI stations was used for flow reglme analy51s in lhc
study hydrological database. The average results are summarued in Table-1.19 for the six
river basins in Sergipe Statc In addition to the flow regime, mean annual minimum 7-day -

flow (Min. Q 7- -day) was also calculated as this is the normal measure of Iow ﬂow for
'rivcrs in Brazﬂ - refer to low ﬂow analyms later. : :

l‘able-l 19 Results of Flow Reglmc Analysns

River Basin - [Sao Francisco Al DT * Japaratuba - - S
Station Name | - Propri-a J.ap.érelubé Fa_z_enda | Vazenda . f - Siriri Rosario do
AR L ] Acucar Cajueiro oo ] Catete
v L o | Japaratuba | Japaratuba | L. i o
River Na_m_e Sao Francisco Japara_thbs ¥ Ipﬂirim 1 Mirim L Slym- _ Smr_l
Catchment Area 623 500 km 815km?> . | 20tkm® | 315km’ . | " 160 km’ 302 km’
Flows(ms) | R I - R I I -
Average . ] 2574 1 -394 | 066 - 1.70 - 081 | 329
Q-95 day (25%) 2,801 428 - 047 - 129 . . 084 - T2.83
Q-185 day (50%) 1,990 162 0 |--023 ). 076 | 067, | 0 149
Q275day(75%)| - 1,143 | 0719 0.13 ~{. 052 - 042 1097 -
- | Q-355 day (95%) 1,650 = | 043 006 | 037 | 034 | 1" 0.54
- iMin. Q7-day . 1643 1 042 | 006 F 033 | 01033 5] 045
Spec. QUskmd)| 413 - 483 | 0 330 - | 541 508 1039 .-
- River Basin - Sergipe ‘|- - Vaza Bams Co e PIaUI ] Real -
Sta.!ien Name Sam:an:);a die Ponte SL 302 lgggia : Estanua F?;::l:i: llanhl (Bahla)
" River Name Sergipe - | Vaza Bams Vaza Barris Pjamlmga 1 Real. |~ Real
Catchment Area | 1960 km? 14,435 km? | 15,740 km?_ 440 km2 2 895 km 4,320 km’
Elows (m'/s) Ce T EAN : SN BT
~ fAverage .. | 583 -;‘444 12.36 f546 327 L1641
Q-95 day (25%) 494 | 349 ] 1088 . | 527 | 206 | 1265
Q-185 day (50%); . 2.11 202 522 “319 0] - 036 | - 556
Q-275day (75%)} - 092 134|292 C215 ) 022 -} 36
Q-355 day (95%) 048 - 0.86 - T 143 154|009 ~ 1S5S
Min.Q7-day - | -~ 0.52 - - 082 1.26 128 006 ] 146 -

- {Spec. QUskmD] 297 | 031 - 079 | 1465 | 0113 “ ]| - 380 -
Note : \’a}aBams Spec QforBasmmSergnpc 396Usfkm : I ’

- _1.4.4 Probable Dlscharge - '_ L

) Low Flow Analysns

The results for low flow shown prevnously inT able-l 19 show the average values of Q- 355 _'
. day dlscharge from the flow regime analysis and minimum 7-day flow as. the criteria
normally used in Brazil. ~ Q-355 day discharge is the value for drought dlscharge normally L

adopted in Japan and also apprommately corresponds to the mean annual minimum 10-day B

flow, MAM(IO) used in the UK Low flow studies report (Instltute of Hydrology, ]980)

The mean annual minimum 7-day flow (Min.Q 7-day) is also used in the UK where it is L

known as Dry Weather Flow (DWF) and corresponds to Ihe dnest Week m an average
summer . . . B PR AR : .

In Brazil (and in the USA), the lO-year retum pcrlod 7 day ﬂow (Q7 10) is thc most . N
widely used index of low flow conditions (ASCE-TASK, 1980). - Usmg the results = = . -
obtained from the database analysis, the 10- -year refurn perlod 7-day ﬂow was calculated RSP,

for each of ihe 12 ANEEL statlons The results are gwen inT able-l 20

2 -.'*(1-25')_
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The Study on Water Resonrces Development in the State of Sergipe, Brazil

“Table-1.20 - Results of Low Flow Analysis

. " Unit: m¥/s
River Basin . [Sao Francisco - ! Japaratuba '
Siali_onll Narme E | Propria Japagaluba [:532:1? ggjﬁg:_g 3 Siriri_ . l{{o(s:i;::t)edoz

Q-355day(95%) | 1,650 | 043 006 | 037 C034 | ose
Min.Q7-day | 1,643 | 042 0.06 033 033 | 045
(Q7, 10) 1279 |- 008 | eo2 | 021 014 | 009

" River Basin Sergipe o Vazra Barris : Piaui . Real
Station Name - Sont:_R osa de Pome SB 302  Fazenda Estancia Fazenda ltaohi (Bahia)
SRR ima - Belem . S Tourao - :
Q-355day (95%) | . 0.8 0.36 L 143 usa | D009 | s
Min. Q7-day ~| =~ 052 | * 082 - 126 -] 128 | 006 | - 146
(Q'i, 10) 5 009 '0.38 1 046 0.86 000 0.34

2) Flood Flow Analysns Vaza Barns Dam :

'Annua] maxlmum daily disc‘hargcs for the 23- year data series at }'azenda Belem gaugmg
station was used in the flood flow analysm the results of which are shown in Table-1.21
below. Probable discharge was calculated from the Thomas using four different methods

_— the least squares and moment methods (lhomas), the Iwai method (commonly used i in
~ Japan) and the Gumbel method. The best fit or the maxlmum ‘was obtained using the

_ '_Fjrecogmzed Thomas (Moment) method and thesc rcsuits were adopted in the demgn of lhe
L _dam splllway : : R

e Table-l 21 P.r_oll);_tl‘)_rle'rl'*_'lood D_is".chorgé;deo Ban;is: Fazeh_da Belem
Maxk Dally S R IR 'F Retum Probable

- Year - D:schargc " Rank " Year VS;rt_ed : .Tl;}olmas Period Discharge
R (m's) PP . Data ot - (Year) (m’s) -
1971 - | 1390 - 1 [ es | 6470 0955 § 1000 | 15546
1972 | 1540 2 1974 437.0 0.909 " § - 500 1343.8
1973 - 4260 3| 191 | 4260 |- 0864 | 200 | 10916
1974 | 4370 "4 1981 | . 3400 -] 0818 | 150 | 10183
1975 | 6470 s | 1989 3090 | 0773 | 100 | 9196
1976 | 1020 | i 6 1988 < | - 2850 | 0727, 80 | 8674
1977 | 2140 | 7 | 191 | 2740 | o682 } 70 8369
1978 266.0 " 8 | 19718 | - 2660 0636 | - 60 8024
1979 | 1380 ) 9 | 1985 <1 1830 |- 0591 50 7624
1980 | 1210 - 10 | 1984 7| 1760 | 0545 f .. 40 | 7148
1981 - | 3400 ° 1| 1992 f S 1740 | -0500  f 30 655.5
1982 | 1376 12 .| 1972 2| 1540 | ‘o4ss . f . 20 575.6
1983 | 1410 13 1983 © |~ 1410, | 0409 - f 10 | 4483
1984 | 1760 4§ 197 | 1390 | 0364 Bk 409.6
C198s | 1830 s 1979 L1380 | C0318 7 3869
1986 ‘| -~ 64.0 i6 | 1982 1370|0273 = 6 361.2
- 1988 | 2850 - 17 | 1980 | - 1210 f 0227 5 3312
1989 | 3090 18 | 1976 | 1020 0082 4 2952
1990 | 1010 19 | 1990 1010 | 10136 3 249.7
1991 | feed | 20 199 | D66 | 0.09] 2 185.7
1992 | cazd0 |20 1986 |t 6407 ] 0,045 R

S T Main Report
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1.5

1.5.1

The Snﬁfy on Water Resources Devefapmenl in the State of Sergipe, Brazil

Hyd rogcology

Hydrogeologlcal Class:ficat:on

llydrogcologlcal feature of the study arca is dommated by gcologlcal condtuon

" Hydrogeological classification should follow the geological classﬂicatlon_

Table-1.22

shows hydrogeologlcal clasmﬁcahon and Flgure 1 ll shows 1ts dismbutlon

Tablc-l 22 Hydrogcologlcal Umt thc Study Arca :

A'e‘

Hy drauhc Charac(cnsucs

Late Proterozoic .. .-

Straugraphy - Rock Faces
Cenozoic - |Quaternary | Aluvium - Clay, snll sand, gravel Unconfined stealum water
oo | ertiary Barreiras Claystone, siltstone, sandstone Unconl‘nedlconl'ned
: . . |Formation - conglomerate : - | stratum waler
Mesozoic  |Crefaceous |Tucano Basin leeslone sandslone shale "+ | Unconfined / confinéd
: o . L 0] stratum water - -
Palaeozoic “|Silurian - ]| Sergipe Basin leeslone sandslone, shale , Unconfined / ¢onfined
e : e stratum water
Caninde Domain Ga‘bbro amphlbollte mctavolcamc Unconfined fissure water
: - lrock, ultramafic rock e

Poco Redondo |

Domain

Gramtes mlgmaute gnelss

Unconfined fissure water

Maranco Domain

(Jramles metaconglomerate, S
phyllite - '

Unconfined fissur¢ water |

Macurure‘
Domain

L Mlcaschlst quanzne gabbro : .:-

Unconfined fissure water

Middle Proterozoic - late
Proterozoic

Vaza-Barris
Domain

Carbonate phylhte, arglllaceous
rock - -

| Unconfinied fissure water

F,stancia Domain

Sandston.e arglllaceous rock
Conglomerate. -~ '

Unconfisied fissure water

Archaean - early B
Proterozoic

Sao Francnsco '
“{Craton '

Gnelss m;gmahle -granodlonte :

Unconfined fissure water

{tabaiana Dome

- |Craton -

Mlgmamc o

‘Unconfined fissure water

T MEDSC RN e -

": :ii_i‘igure-;_-l.li

Hydrogeologlcal Unlt

Quaternary

Barreiras

Sergipe

Tucano
Bstancia
Vaza-Barris -

Macurure -
Maranco - <
Poco Redondo
Caninde .
Craton , .. | .
Dome - . - i1 -
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- The Study ot Water Resources Developrent in the State of Sergipe, Brazil

1.5,2 Cur rent Groundwater Use and Ilydrogeologrcal Infor nntlon

. G roundwater developmcnt lras bccn carrred out mamly by means of drilling dcep wells in
- Sergipe State. More than 4,000 deep wells and great number of shallow wells were

~ drilled so far. ‘Other than wells, groundwa(cr is used from springs. Charactcrrstres of

deep wells arc dcscrrbed below based on the result of exrstrng data analysis.

* < Distribution of dcep wells by mumcrpalrty >

~ ‘The number of existing deep wells is different by munrcrpalrty Some mumcrpahtres havc

" 'many’ deep wells but others not. " It is notable that tremendous numbers of deep wells were

drilled in the past in Itabaiana municipality (758 wells) and Lagarto mumcrpallty (289

wells). - However, the number of deep wells is usuvally less than 50 in most of

. 'mumcrpalltles F he number of deep wells depends on water demand and water qualrty by
- mumcrpallty ‘ :

. < Basi¢ capacrt) ofdeep well> R : - SR
" Yield, specific capacity, success rate and water quahty arc the most nnportant parameters
-~ of deep well. Representatlve ‘values of these parameters are shown in Table-1.23. It is
" clear that well capacity is different by cach geologlcal unit, and also - groundwater
development potential: seems to be different by each geological unit. - Especially

. difference in water quallty is dominant. Generally in terms of water quality, deep wells in

- sedimentary rock area (Cretaceous and Quaternary) is more excellent than deep wélls in
- crystalline rock area in quality and quantity. ' Barreiras formation that distributes in wide
- area of the Study area, lS out of lable 1 23 because of 1ts poor capaclty for deep wells

Table-l 23 Basrc Capaclty of Deep Well

Yield ~ [ Specific | gyceess rate | Rate of fresh

" Aqutfer S S Capacity L © water -
= RS (m’/day) (m’fdayfm) eyl ()
Alluvmm covering Serglpe Basm - T pan . E . N .
AIIuvrumcovermgCraton A 600 ]40 L9} 100
Tucano Basin - = - S 100 -4 s 60 L 60
Sergipe Basin covenngBarrelras S 140 17 c 80 o 85 0
Sergipe Basin oulcropping - LT 140 13 70 60
Caninde Domain =~ - =~ 7. 40 -2 - 45 -, e
Poco Redondo Domatn R .o 40 2 . 45 - 10
Maranco Domain -~~~ - -~ . T 40 T2 45 -, 10
Macurure Domain_~. I . . S 2 - 60 | 15
Vaza-Barris Dofain -~ - - S MR ) 4 A5 s 40
Estancia Domain- "0 . 7o oo o o - 50 = 3 270 .50
Sao Fraiicisco' Craton coVered by Barrerras 10 4 S 85 %0
. | Sao Francisco Cratonoutcroppmg Geor] 40T | 2 sl 30
: ltabarana DomeCraton Gt e p e 70 -4 .15 L35

_-_< Groundwater qu3|lty> ‘_ SO

_' | L s Itis notable that groundwater in Precambrlan rock usually contams hrgh salmrty in the
ey 'study area Fspecrally chlonne (Cl) concentratron 1s hrgh usually more than 250 mg/l

'- rock; shows espeorally htgh Cl with more than 250° mg/l in most of deep wells. . On the

other hand,” gfottndwater in Itabarana Dome "which' also belongs to Precambrian rock,

shows less Cl concentration, but soite wells show Cl of less than 250 mg/l Compared
s with Precambnan rock, sedimentary rock (Cretaceous, Tertiary and Quaternary) in the
S _Study area has groundwater of lower Cl concentratlon of usually fess than 250 mg/l -
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" The Smdy on Waler Resotrces Det'e.!opmenl in the State of Sergipe, Brazil

< Depth and thameter ot‘deep wells > - L e
The depth of most wells ranges 40 m to 80 m and 60 m in average Diameter of deep
wells lsﬁlneh(lS cm) SRR G S R
< Ground“ ater static level >

Groundwater static level is usually less than 15 m from ground surface, and the average is
10m. S

< Number of deep wells drilled l)y aqurfer > ', . ; S " _
The number of deep wells by aquifer is shown in Table ] 24 In the past many deep
wells were drilled in the area covered by Barrerras l«ormanon and in the area of ltabfuana I
: Dome Estancra Belt and Va7a-Barr|s Belt - : :

Table-l 24 Number of Deep Wells Drllled by Aqulfer

llydrogeological uni_t B Number R I llydrogeologtcal umt Numberv::.";:—_f

Quateriary .| . 137 | varBaris Domain ':' 3‘_; 399

Area covered by SRS

Barreiras Formation B 1’078 MaeumrcDomam ' 247
sgpeBasn | - om . |Mewcooman [ i
’l‘ucanoBasm 97 SaoFrancrscoCraton 25
Estanela l)omain o ! - 603 e l_tabaian_a Dome (_:l'a_l‘_’l‘ - - 950

1'.5'.3' Groundwater Fleld Survey

Groundwater level and water quallty were observcd for all Serglpe State by the Study Team. s
The observatton was carried out twice, the first observanon was in September 1998 and S

the second one was in November 1998. Observed 1tems were below R

Groundwater level

'—_-_' Water quahty pH tenlperature electrlc conducltvrty, dlssolved oxygen S

< Groundwater level > R

The twice observatron in drfferent season was done in order to obtam groundwater level S

fluctuation. - Groundwater level was measured for 70 deep wells and 30 shallow wells

The result is shown in Figure-1.12. i As shown in this figure,- groundwmer l e\'el S

fluctuatton is about lm to2m m whole Serglpe State durlng observanon penod

< Water quallty >

Measured electrrc conductrvrty is shown in l-rgure 1 13 Electnc conductmty has strong .

relationship with salinity. The relationship is approxrmated as Conductivity (pS/cm) = z
0.5 x Cl (mg/ ). As shown in lhls ﬁgure eleetnc conductwrty, namely salmrty, becomes SRS

g gradually hlgher from thc coastal area o the mland area, " B

BT MR e



: Groundwater Level Draw Down of Deep Wells - Groundwater Level Draw Down of  Shallow
© . during Sep. and Nov. 1998 (m) .~ ‘ - Wells during Sep. and Nov. 1998 (m) - ‘

B "-:Fig'u'l‘c'-l.;l_i "’Gr(:)ﬁnd\i'a;té‘r' Level ']jra\;*_ l)f(’ﬁvn PEEI

Electric Cohd:dciivi-ty of Groundﬁatef o E!cc'tri_c Cbnductivitjf of Groundwater |

L in _Septémbei‘ 1998 (uSfem) o in November 1998 (uSfem)

F‘g“re“3 Réé'ﬁlt “fF,i;elQ-G;‘o"ul_idévfi_"er Survey
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. The Study on Water Resources Deve!opment in the State of Sergipe, Brazil

1.6 Water Quality
1.6.1 Watel Quallty Suney -

~ Since there isa lack of water qualrty data for the Master Plan Study, the JICA Study Team
conducted water quality survey to provide basic 1nformatron concermng eurrent condrtrons
of surface water and groundwater quality i in Sergrpe State. ' :

1) . Methodology

For the monrtormg of the surface water two samplmg surveys wete conducted in 1998 one

' _ m August, representmg a rarny season and another in QOctober, correspondmg to a dry

season. The monrtormg of groundwater was also completed in September of the same
- year, : : -

50 statrons were selected for the surface water survey based on the exrstmg rnomtormg L
- pomts managed by DESO, ADbMA and COH[DRO (organrzatrons responsrble for water .

resources management), the location of flow gauging statrons, and currentlfuture use of -~

_ _water soil, ete.”. For the groundwater survey, 50 sampling stations were also selected _

~ based on the 1nformatron prevrously obtained by DESO and COHlDRO l“rgure-l t4 S

o mdrcates the locatlon of the surface water and groundwater samphng pornts

| At each samplmg pornt 24 prevrously establrshed water qualrty parameters were analyzed s
_ Electric conductrvrty, turbrdrty, DO, salrmty and pH were determined on site usmg portable -
: analyzers, and other parameters were determtned from samples sent to IP T S. '

" (2) Water Quahty Standards .ﬁ , . . Lt
The Standards establtshed by CONAMA 20 Resolutron in 1986 for raw water quahty i

accordmg to the classrficatron of river basins ar¢ considered to be approprrate for the o

- present study. ~ As there is no classification of the river basins established in Sergipe State,
- the CONAMA 20 Standard for Class 2 rivers has been adopted for all basins in this Study.

In addition to the CONAMA 20 standards the criteria recommended by WHO were also = -
introduced in order to perform a more comprehensrve mterpretatlon of the water quality S
results. It must be mentioned, however that these water qualrty standards are armed at .-

drrnkmg water, that is ﬁnal treated water and not at raw river water e

Wrth regards to water use for 1mgatron, the gurdelrnes publrshed by FAO (Food and o ;:' '
Agricultural Orgamzatron of the United Nations - 1985) have been adopted in this Study SRR

These gurdelrnes indicate the surtabtlrty of water use by drvrdmg water qualrty paramcters

into three categories of restriction for use, as indicated in Table-1.25. For industrial use, e

~ the Japan Industrial Standards J1s) for water boilers only were adopted i in the Study, since -
' ) each mdustry usually has 1ts own specrt'rc entena for the rndustnal proeesses concerned o

Table 1 26 shows the upper lrmrt or range s of hmrts adopted by the four orgamzatronsi =

' mentroned above for the water qua]rty parameters analyzed in thrs Study.

ey
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Lowae

‘35' 3.0' [N

CLEGEBND - |

. Surface Wa_\llér Sampling Station

O Ground Water Sampling Station -

LOcatlon of theSurface Wa'ter:éi‘id ‘Crdig_n_dW_até:i'_'Samplirig' Points -

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

Table-1.25  Guidelines for Interprc'tat'ion of Water Quality forrlrrrigation

. o . Degree of Restriction on Use
Potential ]mgalm_n Problem Unils None | Slight fo Moderate | Severe
Salinity (affecis crop water availability} o IR :
Cy . . dS/m <07 - 07-30 .. >3.0
or TDS : mg/L | <450 450 - 2000 > 2000
Infiltration (affects infiltration rate of water into the soil, I:valum‘e using ECw and SAR togelher) .
SAR =0--23 (Sodium Absorp!mn Rale) >0.7 0.7-02 <02
=3-6 C>12 _-12 0.3 - <03
=6-12 >1.9 2 19-05 <0.5
=12-20 >29 - 29-13 <13
=20-40 : _>5.0 S 50-29 - <29
Specific Ion Toxicity {affects sensitive crops) R T A
Sodlum {Na) Surface irrigation SAR <3 “3-9 .| >90
" Sprinkler irrigation mefl. | <3 S 2 L
Chloride (Cl) Surface ;rrlgauon L mefl. | <4 4-10 =10
- Sprinkler srrlgauon EEE me/l |~ <3 >3 R
Boron (B) ' mg/l | <071 0.7-30 >3.0
Miscellaneous Effects (ajﬁzcls susceplrble crops) R I I s
Nitrogen (NO,-N) . mg/l. |+ <35 S 5-30 =30
Bicarbonate (HCO,) (over}:ead sprmklmg om’y) mcll <15 1.5-85 . >85

pH

Normal Rangc 6. 5 8

4

Source FAC lmgallon and Dramage Paper 29, “Walcr Quahly for Agncullurc

Water Quahty Standards Recommended by leferent Orgamzatmns

labl_e-l._2_6
- Organization - - - - "WHO. “FAQ " CONAMA _ . JIS |
B ' . Water Use| - Drinking lrngation . | Multiple Use . Industrial
Parameter - i - Water - Water -~ | ~ -Class2- " Water
o pH i o 65495 ] 65-84 6.00-9.00 - o 7-90
B0 - {mg/l) NOREC. "} -~ NOREC, “>4.0 <05
- |BOD ~ (mg/h) - NOREC. | .. NOREC, . - <5.0 o NOREC.:
Turbidity (UNT) - | -~ 50 "= | - NOREC. . | '+ 100 UNT. “ NOREC. -
Conductivity ~ (uS/em) NOREC. | - <700 - | " NOLIMIT | . = <1000
. [ Alkalinity Met. (mg/l) - NO RhC. - NOREC. " NOLIMIT - | -~ <150 =
llardne%sCaCo; - (mghy © 500 © ] NOREC. : - NO LIMIT - R
ClL - {mg/) S 250 1420 0 - - 250 - <100
Na - L (mgf) - © 200 - 69.0 | - NOLIMIT Cen
Fe C mg/l) - 1-3 -~ |- 50 0.3 (s0l) 0.03
Mn - {mg/l) R 02 ot o0 -
SO, (mg/l) 500 NO REC. - 250 -
Tol. diss. solids (mg/l) . 600 450 - 500 <700 .
Fecal coli (NMP/100m)) ABSEI\CE NOREC. - : 1000 ST e
Total coli (NMPIIOOml) ABSENCE © NO REC. - 5000 -
NO, {mg/1) 50.0 <90 - 100N -
Al ~ (mg/l) 0.2 d 56 - S0 - -
Ba 3 (mg/l) - 07 -+ NOREC, : 1.0 -
-|B L (mghy ~ 0.3 76 - 0.75 -
|ed (mg/) - 0.003 0.01 - . 0001 .- -
Pb (mg/l) - 0.01 50 . 0.03 - -
Zn (mg/ly -] 3.0-50 20 50 - -
Cu _(mgfy o} 20 0200 1 002 e
Cr _(mgh) 005 . | 010 -} C*0.05,Cro5 L
Sn (mg/) - " 024 | NOREC. 20 ¢ -
50, - - (mg/) . NO REC. : NOREC. = NO LIMIT 5-10
F - f (mg/l) -~ 1 L.5 (provisory) i 1L R L -
Hg o o (mg/h 0,001 L0.0002 0.0002 .. - -
Ni © (mg/) - 7 0.02 .Y AR 0025 -
PO, - ‘(mg/l) NOREC. ~NOREC. 025(P) -15
At “(mgf) - 001 - - NOREC. “. 008 -
CN. - (mgd) b .0 007 ] CNOREC. - | o~ 0015 - -
HCO, (mg/l) NO REC. - L <92 " NOLIMIT -

ey
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3 Results 0fAnalysrs

All analytrcal results obtalned from the first samplulg series in August and from the second
series in October are presented graphically in Figure-1.15, I‘rgure-l 16, I‘lgure-l 17 and
" Figure-1.18 to provrde casier understanding of the variations in water quality, Figure-
1.15 refers to rivers (accordmg to CONAMA 20 standards), which do not contain fecal
coliform, and rivers with and wrthout fecal coliform contamination are plotted in Figure-
~ 1.16. *Figure-1.17 shows three different river categories according to FAQ classification
- of water for irrigation purposes.’ Figure-1.18 indicates the location’ of groundwater
s'nnplmg statrons and the compatlblllty wrth water qualrty standards. c

(a). Surface Watcr '

" From the data obtamed it could be observed that most of the momtored s1tes showed low
BOD levels of about 1 mg/lrter and satlsfaetory DO concentratrons mdtcatmg a low
organic pollution level i in the surl'ace waters of Serglpe State. The exceptions were some
sites on Sergipe River where some organrc contammatlon as expressed by BOD was
reglstered in the second survey EARER : : :

| pH values at most of the samplmg statlons ranged from 6 0 to 8 2 and were, therefore, in
‘accordance with standards. - NO3, Mn and Fe were' also acceptable in both sampling

perrods Metallle ion concentratlons were always lower than the esta‘ohshed standards

'Large varratlons Were obserVed for electrlc conductrvrty (ECw) values, mdlcatmg the

- presence of chloridés, sodlum ions, and carbonate compounds, which could interfere with =
conductwrty measurements © Over about 70% of the lenigth of Real River, ECw valuesr Z

were higher" than 1000 pS/cm and chloride values were above standards. = Bacteria
L contammatlon was checked on all momtormg srtes durmg the second survey. - Jabiberi
reservorr, however was not checked : , :

. Sallmty parameters were wrthm standards for most of the Plaul nver basm except for _

* Araua River, during the fitst survey. The second survey showed chloride values above .

o standards -in" the -upper ‘stretch of - Piaui Rrver and Jacare River. - Fecal coliform

contamination was observed in several tnbutarles, although other control parameters were

7:. 7 wrthrn standards of CONA\'IA 20 and WHO

. rln Vaza Bams river basm chlorlde concentratlons in the upper stretches of the river
" reached 2,800 mg/ durmg the first and second surveys, in addition to high valucs of ECw,
Na and hardness. . However these parameters decrease in downstream sections, due to the
- contribution of runoff ‘water within the basin. . Consequently, tributaries of the lower basin,
_ such as the Trairas and Tejupeba show sat|sfactory waler qualrty, although fecal collform
1n eXcess of the crrterron can be found R . Lo

ST he hlghest water sallmty level was regrstered in the upper section of thc Sergrpe Rrver,

L where 9, 263 mg/l of chloride was found-in the first samplmg serics and 9,084 mg/liter in

B the second. High values for sulfate and for hardness were also observed in excess of the - N

 limits establrshed by ! WHO These concentrations were also hrgh in downstream stretches )

~ " of this river and always above the established standards. - High values observed af the
L most downstréam samplmg pomt of Serglpe River durmg the second survey, are assumed
o to 1nd1cate the mﬂuence of seawater reachrng thrs samphng pomt - '

R PR Main Report
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Jacarecica, lcotingUiba Poxim, Vermelha and Pitanga rivers all show satisfactory water

quality, except for fecal coliform. It should be pointed out that the water of Marcela

reservoir shows charactertstlcs of sltght sahmty, although chlonde values are stlil wrthtn
the est'tbhshcd standards - : _

High sallmty levels could also be observed in most stretches of Japaratuba Rrver, although
much lower than those observed in Sergipe River. . The downsiream tributarics, for
mstance the Siriri and thc Japaratuba Mtrrm, presented qurte sattsfactory water quahty,
except for fecai cohform : : S : R _

In the Sao Francisco'river basin, the rivers of the northwest region, such as the Jacare, the

Capivara and the Pocao, presented greater salinity level and also low water volume, ¢ven

) during the rainy season in August.  Other tnbutanes in the coastal area of the basm, for
mstance the Pox:m and the Santo Antomo meet the establlshed standards ' :

The four samphng statrons along the mam Sao Frarrcrsco Rrver show excellent water
_ quality for multiple uses. . It should be remarked, however, that fairly high values of pH -
* (7.8- 8.2) detected in both samplmg surveys are not llkely to be caused by a]kahne
elements The possrbrllty of an. eutrophlcatton process exists. The Sao Franctsco river
basin, with a drainage area of 640 ,000 km? meludes several cmes and agrlcultural areas
contnbutmg nutrients, which easily cause algae prohferatlon in the several reservoirs along
~ Sao Francisco River. The great hazard of nutrients is their cumulative effects, which are

. difficult to mitigate. . The prohferatton of blue-green algae brings about taste and odor -

problems, thus the use for domestic water supply becomes seriously difficult. .In addttlon o

~the algae release toxic. substances “Therefore a detailed mvesttgatron on the
:- _eutrophrcatlon condmons m the Sao l*rancrsco Rtver 1s recommended :

- Prgure-l 15 and Frgure-l 16 presented earher summanze the suttablhty of use for drmklng -

~ water.  Higher salinity levels occur in the upper regions of the basins - and in ‘the

- northeastem region of the Sao Francisco river basin, whereas fecal bacteria contammalron -
- is found in the coastal areas, where population density is higher. It should be pomtcd out
that Vaza Barris and Piaui rivers show potentiality to be used for multiple purposes iflow
quahty flows i in the dry season could be well mtegrated wrth hrgher ﬂows m the ramy

_.Wrth regards to the surtabrhty of the water for tmgatton purposes, Flgure-l 17 presents -

~ three distinct zones accordtng to the restrlctton level. : The restriction free zone is situated R

“in -the “coastal area and the' most restrictive” zone in*the northwest arca, while the
~ interrhediate area’is’ a zone of moderate restnctron - This distribution shows’ almost the
same paltern as rainfall distribution in the state, indrcatmg that chmate condrtlons
deﬁmtelymﬂuence the water qualtty of these regrons _ : : :

For usé as mdustrral supply, the type of mdustnal process wrll be 1mportant Even for the "

use in boilers only, mdustnal water standa.rds will be speetﬁc for each type and capacrty of -+ . _
boiler. However, it can be concluded that water suitable for‘ 1mgat|on use wnhout_.f-

_ restnctlon wrll be of acceptable quahty for use m botler operatton o
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(b) - (.roundwatel Quahty '

According to the results obtained at 50 sampling stations (hgure 1.18) dtstnbutcd over the
entire  State of Sergipe, in general high alkahmty and low level fecal coliform
contamination were observed i in many locations.  Ferric ion, which causes color in waler,
and nitrates, which cause diseases related to blood c1rculal|0n, showed lower
~ concentrations than standards at all stations. Heavy metals analyzed were always less
than the relevant standards and no orgame pollutron was obscrved

HoWever, chloride, sodium ari_d hardness contents‘ 'werér above _WHO and CONAMA -
standards at various locations. = For instance, the DESO water supply station at No.6 Santa

- Rosa de Lima, and COHIDRO wells at No.23 Povoado Saco de Camisa, No.24 Povoado .

~ Aroeira, No.30 Povoado Bonfim, No.35 Povoado Lagoa dos Porcos(1), No.36 Povoado -
~ Retoro, No.37 Lagoa dos Porcos(2), No.39 ‘Povoado Laja, No.40 Povoado Diogo and

- No.45 Lagoa do Croa are not consrdered enttrely adequate for drmkmg water purposes.

~ At station No.47 high- conccntratlons of fecal collfomt were observed requtnng urgent "
: applrcatron of dtsmfeetmg procedurcs : _ :

' l*rom the results of the groundwater sa'.ntpllr:rg' anal)'fsrs' it rs clear that lwater qu'ahl.y is
closely related with geology.  All the deep wells where values of Cl, Na and hardness

- ‘exceed water quality standards are located in the Pre- Cambrtan formation, On the other

~ hand, all the deep wells in the Cretaceous area sat;sfy water quahty standards

_ Valucs of Cl Na and hardness exceed the standard in 30% of the deep wells in the Pre- L
Cambrian arca, A great number of deep wells were drilled in the Pre-Cambna.n area in
the past however, many of these wells have alteady been abandoned due to poor water

© quality. - Water samples of this survey were taken from deep wells that are strll used now - -

- because of better waler qualily than others, However, from the result of thls analysis, it is
concluded that there are still water qualrty prohlems in 30% of deep wells m the Pre-
' Cambrran area. : : - . -
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162  Water Quallty Bchavror in Vata Barus River _

Although most of its basin i is located in the semr-arrd reglon the flow in Vaza Bariis River
is not negligible, due to its large drainage arca and to the intense rainfall that occurs
sporadically. This rainfall contributes both to the conscrvatron of i its water ﬂow and to the
dilution of the hlgh salt concentrauons -

Table-1.27 presents werghtcd averagc concentrallons for the most crmcal parametcrs for .
‘Vaza Barris River with respect to domestic water supply and irrigation water use.  The
chloride concentration level of 574 mg/l registered at the first station (Ponte SE-302),
decreases lincarly to 302 mg/l at the second station (Sao Domingos) and to 125 mg/liter at
the third station (Fazenda Belem), 86 km downstream of the first station. Consrdermg the
low activity of the chloride ion in the solutlon, this reduction in chloride concentratlon can
be interpreted as the effect of proportlonal dilution produced by surface runoff through the
Vaza Bams basm wrthm Serglpc State : :

" The Standards establlshed by the CONAMA 20 Resolutlon and by WHO are 250mg/l|ter E
for chloride. Therefore, the Vaza Barris River meels the referred standards from a pomt '
10 km downstream of the Sao Dommgos statron - - :

Tahle-l 27 We;ghted Average Concentrat:on for the Most Crrtlcal Water Quahty

WaterQuahty __ T+ Stalionin Vaza Barris Rwer :
Parameter -~ | *° Ponte SE~302-7~7 .~ Sao Dommgos L " Fazenda Belem _

Catchment Area - s 14435km® - L e T 5940 km? -
Average Discharge YTV T oL l?. 36 m'ls.
Min.Q7day - - | .~ 082ms - | i v . l26mjls
CL - -~ & (mg/l) - - 5740 - - ) oo 30200 - o T 254
Na " (mgl) o 1656 - . ] o 10660 o 474 e
Conductivity (pSfem) | - = 18327 = - | =830 o | 471'.9 o
Hardness  {mg/i) o 3,400.82 0 0 | 0 0 286.8 oo 1452 s
Ca = (mg/1) 1094 e S 704 0 e 0 423 v
Mg = (mg/l) - 68.0 : 343 0 129
HCO; - (mgA) - S 1592 o 1196 ' 956

Note. Water qualities were calculaled based on eight samphng series camed out from 1995 to 1998 by DESO and L

JICA at three points along the Vaza Barris Rn\ er

W:th rcgard to water use for lrngatlon purposes, Table 128 presents calculatrons :

determining the restriction of water use fotlowing the gurdelmes publlshed by FAO. The - .
moderate restriction level obtained at Pedra Mole and Sao Domingos stations change tono R
~ restriction at Belem statlon Thls suggests the possrbrhty of agncultural water use m this -~ -

river stretch.

" Table-1.28 Evaluation of Vaaa‘Bar'ris Rrver for'lrrig'atio'n I‘lse":'__'f s

Parameter - A : Statron in VazaBams Rwer o
: P Ponte SE 302 . Sao Domnlgos - | ° FazendaBelem -

ECw (ds!m) sy L 1My --.-:--047(N)
SAR T ey CsAM T T 24M)
Na_ (me/liter) - o2 - | Tsomy - [y
L - (melliter) o MRIE®) ) 86 o |t 35 N)
HCO, (mefliter) | . 26(M) - IZ(N) | 16(M)
Waterqualllytcndency ' (M)* e s My 1 N

* (N) Nor restnct[on . (M} Shghl to moderafe restnctlon, (b) Severe restnctlon o

(4 o DT



- small areas.

- and vegetables,
River mouth becausc of intake from Sao Francisco R:vcr

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

1.7

-l."?.l Land use

B Dommant land use in Serglpe State is pasture land.
" The natural vegetation of inland area is thicket or shrub, which are called

- Cerrado or Caatinga.

- as mountainous district or hill arca because of grazing and/or agricullural activity.

Environmcnt

Intensive agricultural lands arc only

Undisturbed Cerrado or Caatinga remain only in limited areas such

The

natural vegetation of coastal areas is characterized by mangrove, or cvergreen forest called

 Mata Atlantica.

A major built-up zircé is located only in Aracaju urban area.

The mangrove forests have thrived well.
- scaltered from the coastal area to the middle east part.
wetlands and deseits. :

Small old growth forests are
There are no major intand

Fhe agrlcultuml land is

dominated by sugarcanc plantation and small plots cultivated for fruits, cassava, corn, bean

extenswe in semi- arld or arid zone.

Irrigated farmlands are mainly located near Xingo dam and Sao Francisco
The stock farming is mostly

Areas of each land use category estnnated from satelllte image by each dramage basm are
Land use map by satelhte 1mage anaiysm is shown in Flgurc 1.19.

shown in Tablc-l 29

Table 1 29 Area of Each Land Use Category by Each Dramage Basm

" Vaza Barris

| 'Water -

54.8

1.3%

8.7

303.2

Dramage Basin Sao Francisco - Japaratuba - Sergipe

Total Area (km) 7,276 1,722 3,673 2,559
Town 57 0.1%| 42 0.2%| 744 2.0%| 50 | 02%
Foresl Arca 510.8 7.0%| 123.1 7.2%]| 1866 | 5.1%| 1886 7.4%
Wood Land 1,6989 | 23.3%| 328.1 | 19.1%] 8305 | 22.6%| 596.1 | 23.3%
e el 29092 | 400%| 8021 | 46.6%| 14874 | 40.5%| 8746 | 34.2%
donsity Som " | 7as6 | 103%|. 80 | 05%| 2031 | sl 1869 | 73%
Mangrove 7362 | 05%] 138 | 08%] 811 22%| 732 2.9%
Salt Marsh 483 | 0% 207 | 12%| 05 0.0%| 2.5 0.1%
Dunes Vegetation 114 - 0.2%1] - 0.1 0.0%] 357.8 1.6%| 46.3 1.8%
Cultivation Area_- 10679 | 14.9%] 4121 | 239%| 6780 | 18.5%| 5157 | 202%

. {Exposed Rock and Soil | 95.4 1.3%] - 8.2 0.5%| 21.0 0.7%| 219 0.9%

o [Water 438 | 2.0%|  LiT|"0%| 66 | 13%[ a2 1.9%

" | _Drainage Basin - _ Piaui " Real - Total -

| Total Area (km) 4,262 2,558 22,050
Town , 89 02%]| 3.0 0.1%| 1012 |  05%

. | Porest Area 997.7 | 234%| 5532 | 21.6% | 2,560.6 |  11.6%

[ Wood Land 2263 | 53%] 1552 | 6.1% | 3,835.1 | “17.4%
gg:‘;:{;g‘;%%j:f"““ Cfu24n | 287% 12939 | s0.6% 85913 | 39.0%
g:;;‘;{;g;%%;‘)a“?". i836 | 43%| 434 | 1% [13B6 | 62%

Mangrove -~ 99.3 23%| 98 0.4% [ 313.8 1.4%
SaltMarsh | 115 0.3%| . 0.0 0.0% | 834 0.4%
Dunes Vegelation _ 67.5 1.6% | - 00 | 00%| 183.1 0.8%

[ Cultivation Area . . 11,3503 | 31.7% | 4860 | 19.0% | 4,510.1 | 20.5%
Exposed Rock and So:l 37.1 - 0.9%] 43 -0.2% ] 195.0 ©0.9%

- 0.3% 1.4%

_- (14.2)—.
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