23 Runoff Ratio and Aetual Evapotranspiration
2.3.8  Water Balance Method
m Equauon Approach

Based on the monthly mean ramfall evapotransprrallon and drscharge at ecach drscharge
reference pomt water balance study was carried out by using the followmg equatron

P (Q2 Ql) + Evta + (G2- Gl) +dS......... v reremene e (Equatron 2 19)

where P ramfall depth (mm), :
. . Bwvta: actual evapotranspiration depth (mm)

- dS : intermediate storage change depth (mm)

Q1 : surface inflow depth (mm),
Q2 : surface outflow depth (mim)

G1 : groundwater inflow depth (mm)
G2: grmmdwater outﬂow depth (mni)

By applying the long tcnn simufation penod into the above water balance equatmn the
following conditions are considered;

© o a) Surface Inﬂow Q)

In this Study, surface mﬂow ( Ql) is neglected to be zero, bccausc the selected drscharge
‘reference points are located at end of cach catchment area.

b) Groundwater (:G1,G2)

-During a certain period, runoff volume is derived primarily from surface outflow, whereas

- during dry periods all runoff may be contributed by groundwater outflow/ or base flow

(G2). In general, G2 is not subject to wide fluctuations and is indicative of aquifer

@ characteristics within a basin. In order to estimate the actual evapotranspiration by using

' " [Equation 2.19], ignoring groundwater inflow (: G1) from other basins, and the volume of
(}2 contrrbutes in the vo!ume of the surface outflow (Q2)

) lnter_med:ate Storagc Change(: dS)

The signiﬁcance of dS is a intermediate storage change under the ground surface at a
cerfain period, and “+” (plus) indicates a increase of the storage volume, “-” (minus)
-indicates a decrease of the storage volume. It consists of the following three factors;

~ -an increasc of thc'surfacc storage volume in the lakc, pond, swamp, river and
other storage reservoirs -
~’-an change of the groundwater storage ‘under the groundwatcr surface
-an change of saturate soil volume above the groundwater surface

. Assummg that ramfall and groundwater at a same basin are circulaling through long period,
* the volume of dS is not cumutative and can be ignored if the starting and finishing points of
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' the sludy are chosen to coincide wnh 1he same penod Thercfore, thc volume of dS in thls
Study was neglected.

(2) Mean Deplh over An Area

Using the obtained data in the perv:ous chaplcr, water balancc study was camed out as lhe
following steps; - - :

a) Thissen’s Mcthod

In lhls sludy, Thiessen’s method was used to obtain rainfall, runoff and evapolransplrahon
depths over area. The applied stations are same as the selected 33 meteorological stations
(Refer to Section 1.1} and Figure-2.8 shows Thiessen's Polygon. The polygons were
formed by the perpendicular bisectors of the lines joining nearby. stations and established
area of cach polygon is determined and is used to weight of the amounts of the station in lhe
centet of polygon

b) Mean Rainfall Depth

The missing data were determined by correlation analysis among the stations, and the
computed mean rainfall depth at the selected 31 dlscharge reference points were shown in
Table-2.7. : .

Especially, number of the selected rainfall stations for Litoranea area wete not enough to
apply the water balance method to analyze all basins in Litoranea area, therefore an cxisting
Iso-hyetal map obtained by COPEL was used to determine mean ramfa’fl dcpih for two
stations in Litoranca area. ' - : R : ;

¢) Mean Runoff Depth

The annual surface runoff depth over the same area was COI]Tpllléd by Thiessen’s method at
the selected 31 discharge reference points. The tesults of computcd mean runoff depth were
shown in Table-2.8. S , : - .

'd) Mean Actual Evapotralispiration Depth

The annuat actual cvapotransplrahon depth over thc same area was computed by applymg a
modified equation of (Equation 2.19) as follows; :

Evta=P-Q2
where Evta : annual actual evapotransplratmn (mm)
P : annual rainfall (mm)
. Q2 : annual surface outflow (:n_m)

The resulis of computed mean actual evapotranspiration depth were shown in Table-2.9..
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€) Mecan Potential Evapotranspiration Depth

The annual mean potential evapotranspiration depth were computed over the same area to
determine the relation between actual evapotranspiration and potential evapotranspiratton.
The results of computed mean actual evapotranspitation depth were shown in Table-2.10.
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" Figure-2.8 Thiessen's Polygbn Diagram
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2.3.2 Runoff Ratio

Using the annual rainfall depth and annual surface runoff over the same catchment area,
-surface runoff volume and surface runoff ratio by stations were summarized in Table-2.9.
The s:mulahon period was applied the last 20 years(1974- 1993) and Figure-2.8 shows
relatlon between catchment area and runoff ratio.

Based on Table-2.11, Figure-2.9, runoff ratio at all basins except for Litoranca basm rangcs
from 30 to 50 % with a mean of 41 %, and Litoranea basin ranges from 69 to 80 % because
the riverbed profile has a steep slope as shown in Figure-2.10. Especially, runofT ratio at
some referencc points in Tibagi, Cinzas and Pirapo basins shows at the ranges from 30 to 40
%, because high evapotranspiration condition as compared with other basins.

Table-2.11 Summary of Mean Annual Surface Runoff Ratio

(Simulation Period : 1974 - 1993, 20 Years)

MNole:*):

-53-

Basin River No St. No. St Name Area Rainfall | Runoff | Balance | Runoff
_ : ) ’ {km2) (mmfyearn)| (mmfyear)] (mmsyear)]l Ratio
flarara Jaguanalva 1] 64-242-000]Tamandua 1,622 13354 6324 703.0 0.47
Cinzas  |Cinzas 2| 64-360-000{Tomazina 2,015 1491.3 565.8 925.4 0.28]
3| 64-370-000]Andira - 5622 1440.3 480.5 959.8 ¢.33]
Tibagi Tibagi 4| 64-444-000]Uvala 4,450 1560.2 640.7 9124 0.41
5] 64-465-0001Tibagl 8,948 1555.7 639.8 925.9 0.41
6] 64-491-000|Bara Rib.das Antas 15,600 1569.7 622.3 9474 0.40f
7| 64-507-011]Jataizinho (Extendido} 21,955 1557.6 604.9 982.6 038
Pirapo Pirapo 8| 64-550-000]Vila Silva Jardim 4,627 16152 492.7] 11224 0.31
vai Ivai §| 64-625-000|Tereza Cristina 3572 16940 715.8 9786 0.42
10| 64-645-000]Porlo Espanhol 8,600 1652.9 729.7 930.3 0.44
1] 64-575-002|Porlo Banangiras 24,200 1665.1 648.9] 10162 0.39
12| 64-685-000|Porlo Paraisv do Norte 28,427 1657.6] . 6469 1010.7 0.39
13| 64-693-000|Novo Porlo Taquara -34,432 1642.2 645.1 9971} 0.39
Piquir Piquiri 14] 64-771-500]Porto Guarani 4,223 1928.9 8556] 10732 0.44
: 15| 64-795-000|Ponte do Piquiri 11,303 1936.9 9262 10108 0.48
16} 64-820-000|Porlo Formosa 17,500 1865.1 823.7 1041.4 0.44
17 64-830-006]Balsa do Santa Maria 20,982, 1843.0 7636] 10794 LE]
lguace  |lguacu 18] 65-010-000]F azendinha 110 1557.3) 741.2 8160 0.48
"19] -65-025-000]Guajuvira 2,304 1416.5] 6348 7818 045
1 20]  65-035-000|Porlo Amazonas 3662  1445¢ 591.8 8530 o041
21| 65-060-000]Sao Maleus do Sul AL 1483.6 574.8 o088 038
22{" 65-310-000]|Unlao da Vitoria 24,211 15584.2 663.8 0204) 042
23] 65-895-002|Saito Osorio ~ 45,824) 1725.6 765.3] 9603] 044
24| 65-593-000|Salto Cataralas 67.317]| 18029 7247 10783 0.40
Negro 25] 65-175-000Divisa | rewf 15159 6169 £99.0 0.41
|Timbo 26| 65-260-000(F oz do Cachoeira ~Bg3ll 17387 8349 §53.7 0.51
Jordao 27| ©65-825-000Santa Clara 3,913 1693.4 £95.8 997.6 0.47
Chopim 28] ©€5-850-000[Aguas do Vere 6,695 2003.2 058.8] 10444 0.48
Ribeira  |Ribeira 28] §1-200-000[Capeia do Ribeira 7,252 1378.1 £458 8323 0.40
Litoranea |Nhundiaquara| 30| 82-170-000|Morretes 2171} 25371.7 17455 7922 0.69
) Marurmbi 34| B2-185.002|Morcetes 53l 33000 26469 6531 080
Mean . : Alt Basins 17239 1879 936.0 46%
L 100%| 46% 54%
Basins excepl for Litoranea Area 1641.5 690.8 950.7 42%
‘ . o 100%)  42% 58%
It was delermined by using an existing iso-hyetal Map (COPEL)
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2.3.3  Actual Evapofranspiration
(1) Results of Analysis

Although there are lack of data availability and researches concerning actual evapotranspiration
in Parana, the following assumpllon was made to characterize the actual evapotranspiration in
this Study

Figure-2.11 shows the relation between annual rainfall and annual runofY depth at all selected
stations with same period, and it shows that the ratio of annual runoft depth to annual rainfall
depth increases or decreases whether rainfall is less or more than 1,500 mm/year respectively.

In case of using individual river basin which has constant rainfall distribution through the year,
the relation between annual rainfalt and annual runoff depth is clearly observed on 2 plotling

graph.

Furlhermore by plotting the amount of annual actual evapotranspiration as shown in Figure-
2.12, the relationship between annual aclual evapotranspiration and annual rainfalt is described as
follows; _

- The amount of annual actual evapotranspiration varies proportionally with the
amiount of annual rainfall, but the amount of annual evapotranspiration does not
increase when the annual rainfall is at the upper range of 1,500 mm/year. It means
that the amount of annual evapotransplrauon varies mversely when the amount of
annual rainfall exceeds l ,500 mm/year.

- The amount of antal evapotransp:ranon decreases gradually when annuat rainfall
exceeds about 1,500 mm, because conditions happen a shortagc of insolation
volume '

By assuming a ralio between annua! actual evapotransp;rahon by water balance method (:Evia)
and annual potential evapotransplrauon by using Penman’s equation (CEvi), actual
evapotranspiration at each catchment area has been calculated in this Study (Refer to Figure-
2.13). :

‘Based on Figure-2.13, when annual rainfall is less than 1,500 mnvyear, the ratio of Evta/Evt
varies from 0.4 to 0.9, with a mean of 0.7, and when annual rainfall exceeds 1,500 mm/year, the
ratio varies from 0.8 to 1.3, with a mean of 0.9. Table-2.12 shows a summary of the mean of
Evta/Evt ratio for the last 20 years '

(2) Consideration

_ Although various types of meteorological data are measured at many stations in Parana,
evaporauon is meaeured only at several stations and evapotransplrahon is not measured in the
- state. :

Evaporation and evapoiranspifalioh_ are vital factors in analysis of hydrological cycle and in

formutation of water resources devetopment plan. Continuous measurement of evaporation and
evapotranspiration will be necessary for more precise analyses and planning in the future.
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Table-2.12  Summary of Evia/Evi Ratio (1974-1993, 20 Years)

Basin River No] St No. St Name Arca Ramiail § - Ronof Evapolranspiration {mm/year] Ratio of
. (km2) {mmdyear{ immfYear) Evia Evi Evia/Evt
Hlararg  [laguariaiva 1] 64-242-000|Temandua 1,627 13354 632 4 7103.0 1021.0 Q€
Cinzas  |Cinzas 2] 64-360-000|Tomazina 2,015 14913 565.8 925.4 1100.2 0
3] 64-370-000|Andira 5,627 14403 4805 959.8 1147.7] 0.t
Tibagl Tibagl 4| B4-444-000[Uvaia L 4,450 1560.2 640.7 919.4 1003.1 0.f
: . §| 64-465-000|Tibagl 8,048 1565.7 639.8 §25.9 10195 0¢
6] 64-491-000|Barra Rib.das Antas 15,600 1569.7 6223 9474] 10318 O£
7| 64-507-011}Jataizioho (Extendide) | 21,955 15876 6049 5826 1057.0 0.
- [Pirape  [Pirapo 8] €4-550-000]Vila Sitva Jardim 4,627 1615.2 4927 1122 4 11023 1.4
ftvai tval 9] 64-625-000]Tereza Castina 3,672 1694.5 715.8 978.6 993.7 0L
10} 64-645-000]Porte Espanhol 8600  1650.9] 729.7 9303 1037.4 0s
11| 64-675-002|Porlo Bananeiras 24,200 1665.1 548.9 1016.2 10774 0.5
12| 64-685-000{Forlo Paraiso do Notte| 23,427 1657.5 646.9 1010.7 1090.8]  0f
3] 64-693-000[Novo Porlo Taquara 344321  16422] 6451 97| 11082 0.5
Piaquir Piquiri 14| 64-771-500[Porlo Guarani 4,22} '1928.9} 855.6 1073.2 1071.9 1.C
: 15| 64-795-000 Panle do Piquin 11,303] 19369] 9762 1010.8 1202 0%
16| 64-820-000[Porlo Formosa 17,500{ 18651 82377 10414 1141.7 09
: 17| £4-830-00Q[Bzlsa do Santa Maria 20,982 18430 7636 1079.4 1470.7 0.4
iguacy  [lguacu 18| 65-010-000|Fazendinha 110 16571.3 741.2 §16.0 885.5 09
18] 65-025-600]Guajuvira 2,304 1416.5 634.8 781.8 901.4 0.4
20} 65-035-000[Porle Amazonas 3662] 14459 591.8 854.0 933.9 09
21{ 65-060-000{Sa0 Mateus do Su 6,055 14836 5748 o088 9485 0.8
22{ 65-310-000{Untap da Vitora . 2421 1584.2 663.8 9204 935.8 0.8
23] 65-895-002)5alto Osorio 45,824 17256 765.3| €60.3 951.6 10
© | 24] 65-993-000)Sale Cataralas 67,317 1802.9 724.7 1078.3 973.0] - 1.1
Negro 251 65-175-000|Divisa ) 79708 1515.0 616.9 895.0 $95.3 09
Timbo 26| 65-260-000[Foz do Cacheeira ____G_QQI 1733.7 £84.9 _853.7 8763 0.9
Jordan - 27| 85-825-000[52nta Clara 3,913 1833.4 §55.8 6976 1063.2 0.9
Chopim 28] 65-9560-000]Aguas do Vere 6596F = 20032 958.8 1044.4 936.8 1.0
Ritelra  |Ribeira 20| 81-200-000]Capeta do Ribelra 7,252 13781 5458 832.3 994.9 0.8
Litoranea |Nhundiaguara] 30| 82-170-000]Mairedes 2021y 253117 1745.5 792.2 8739 0.9
Marumbd 31] 82-195-002{Morreles 530  3300.0] 26469 653.1 873.7 0.7
Mean - Al Basins 1723.9 187.9 936.0 1015.8 0.8
100% 46% 54% - -
Basins excepl for Litoranea Area 1641.5 690.8} 950.7 1025.6 0.9

100% 12%]| 58% - -

Nola : *) : It was delerminad by using an existing lso-hyé!ar Map (COPEL)
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: C"AP'] ER 3 SURTACFE \VATFR RFSOUCES
‘3.1 Criteria

3.1.T River Water Development Crltena

The ex;simg criteria for river water development in Parana State are described as. f‘o!lows

<Water Resources Grant Criteria> (TAP)

)

2}

3)

4

For surface water resources utilization, the following conditions should be taken into
account, considering the existing and forecasted uses:

Qox<isless than 0.5 X Qo7
where '
Qoct gramed dlscharge by direct mtake :
- Qo7 = Low water flow which happens once in 10 years and lasts 7 days -

" There can not be a case where an inake dlscharge lower lhan 0.5 Qwv occurs

downstrcam of intake poml

For the ex;stmg mtakes whrch do not t‘ollows the criteria above, it must be con31dered

the following :

Pubhc Watef Supply = The utifization wilt be atlowed if within grant time validity,
- - the maximum of five (5) years :

Other Uses : The utilization will be allowed if within grant time
: : -validity, the maximum of two (2) years.

For water resources utilization with regulation works, the downstream discharge must
have a maximum of 0.5 Quo,7, respecting users demand at downstream of existing dam.

“The public supply grant must also obey a minimum utilization limit due to imposed

restrictions for potentially pollutanis above the intake sections, considering the

following conditions:

Ty ‘Qou_t >0.1 Q_lo,w

For the e;t;i.sling_int_akes,- which are not foilowing the pattefns above,.lhe utitization will
be allowed within a grant time validity of the maximum of five {5) years.

‘The extension 1o the above conditions, the intake basins with an area of 2 50 kn?.

Grants will only be conferred when the intended use will be compatible to the qualily
standard of water established in CONAMA Resolution number 20!86 and State Law
number ; 8935/89. :

For public supply cases in operation which do not follow the standard water quality

- pattern mentioned above it will be allow a grant ume validity of the maxm\um of (ive

3 years
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- 5) Grants and / or Environmentat licenses for potentnally niew polluters in‘intake basin for
pubhc supply, which do not obey the criteria, or in intake basins wnth an acea of < <30
km? will not be conceded

In the case of irrigation, a case be case analy51s w:ll be carned out f‘or mlake basms
with a superior afea of 50 km?.: S :

3.i.2 Mainlena'nce Discharge Criteria

() Low Mamlcnance Dlscharge (Qm 7 and sts)
Index of low maintenance discharge adopted in Brazd is Qo7 (ret‘er to section 3.1. I)

In l_he Parana State (CEHPAR, 1982), by processing discharge data of 57 observation stations,
6 coeflicient contour maps are prepared, so that Qye7 at every point on the map can be roughly
estimated by calculating by applying 6 coefficients obtained from: the map with some
hm:iallons

" On the other hand mdex of low water adopted in Japan is Qsss wh:ch is the- 355lh daily
drscharge from greatest daily discharge (refer to the flow regime mentioned in section 2.2.3).
The minimum of Qiss during 10 years, or the second minimum of Qsss during 20 years, seems to
be equal to the ow water flow with occurrence probability of once in 10 years, - -

Comparison between Qo7 and the second minimum of Quss during the 20 years was made in
the specific discharge, based on the observation data of 31 stations menuoned in section 2.2.3,
as shown in Table 3.1and anure 3.1

Although the relauon between lhem is dlﬂ‘erent station by stahon average of 31 siauons almosl
same as 0, 3m / sec /100 km for both dascharges

(2) M’amtenance Discharge

In the Parana State, the maintenance dnscharge mcludmg water use downstream is shpulated to
be more than 50% of Q1. . . AL .

Qo is the flow which happens once in 10 years and the least avera‘ge dis_charge during
continuous 7 days. Qo7 at each discharge point in Parana has been establishing as HG 52,
Probable computation for HG 52 is adapted existing 57 hydrological stations of which
catchment arca has less than 5,000 kim’, and determine a relationshiip between' a return period
(:TR) and a continuous day (: t). Usmg the determined relationships, the following value such
as reproduce period (TR), continuous day (t) and mean drscharge (Q m,.) are a‘ble to compuie by
using equations.

=expla+ 6.1+ c(l,,!) 1.

g = 0+ (B[~ n(l—"ﬁ )]w |

Orre=

1000 MR
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" where,

a,b,c,a,B,y are constant values depends on point to be determined,
and 6 kinds of isoparametic curves are given in HG 52.

Spccnf ¢ maintenance discharge of 31 observation stations vary f‘rom 0.05 to 0.3 nr lsec! 100 km?
and the average is almost 0.15 m3/sed 100 kn?’. .

in Japan the maintenance dlscharge is determined cons:dermg required wa(ef for keeping
pwlureqque scenery, preservation of ecosystem, securing cleantiness of river flow, inland
navigation, fishing, etc. However, generally the spemﬁcdlscharge should be about the average of
Quss during 10 years, and at least more than 0.3 m /sec!lOO km?, Therefore, specific mamienance
discharge is almost two umes Ihat of Parana State.

Howcvcr, since the most of water resources development in Japan depend on regulated flow, by
~dam / reservoir, and the maintenance discharge with specific discharge of 0.3 m'/sec/ 100 km’
flow most of year except for case of large scale flooding, the total amount of maintenance
discharge in the Parana State might be more than in Japan. In Japan it is stipulated that the normal
discharge composed of maintenance dlscharge and water use downslream is to be discharged by
the upslream dam { reservoirs. :

3.1.3 .. Surface Development Criteria

Inthe Study thc f‘ollowmg cntena were adopted consndenng that they are stipulated in the Law of
the Parana State.

l) Allowable direct mlake watcr shoqu be tess than 50% of Q;o 1.
2) Mamtenance dlscharge should be more than 50% of Qo1

For referencc in Japan niost of water resources deveiopment projects by dam / reservoir are
planned so that the newly developed water can be obtained every year except for oncein 10 years
or twice in’ 20 years. Results of compuled Qioz by the selected station are referred to
Appendnc 3 _
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Table-3,1 Comparison betweeen Qm and Q4

Qior

Note: Qjsss is the second minimum during 20 years. ‘

-61-

[No. |River Station Name C.A Qjun Qass
km?_| m¥sec. | 1100km?| m¥sec, H00km?| m¥sec. | 1100km?
{litarare * fTamandua - 1622] 3249] 2003] 769 0474 568 0350
2|Cinzas_ [Tomazina 2015| 3594] . 1.784| 702 0348] 367 0.182
3 Andira 5622] 87.33]. 1.553] -11.77]  0209] - 6.07(. 0.108
4|Tibagl  fuvaia 4450] 90.60] 2036]. 13.50] 0305 - 8.28] 0.186
5| - Tibagi’ w 8948] 126.07] 1.419] 47.80] o0.199] . 14.05) 0.157
6 Bara Rib. das Anlas | 16600] 307.88] - 1.073] = 42.08] 0.270| 24.48} 0.155}
7 Jatalzinho (Extendido) | 21955] ~421.85] 1.920] s0.50| 0.230] 19.98f oo01]
8|Pirapo _Jvila Siva Jardin 4627| 7224] 4561] 18s5| 0401 2082} 0.450
9|tvai Tereza Cristina 3572] 81.23] 2274]  4s0| o428 475] 0133
10| Porto Espanhol 8600] 199.48] 2320] 16.00| o0.186] . 7.74] 0.090
11 Porto Bananeiras 24200] 492.85| 2.037{ 43.18] o178 4041] o067
12 Porto Paraiso do Norte | 28427 583.73] 2.053] 7600 0267 145.55] - 0,512
13 __|Novo Porto Taquara 34432| 703.32] 2.043] 155.38] 0.451] 144.96] 0.421
14}Piquiri . |Porto Guarant. 4223] 115.48] 2735 589 0.139] 1068]. 0.253
15 Ponte do Piquiri 11303| 332.48] 2.942] 2200} 0195 6160 0545
16 Porto Formosa 17500] 457.10} 26421 66.03) 0377 9340 0568
17 Balsa do Santa Maria | 20982) 523.00] 24931 8050} 0.384] 9232 0.440
18)iguacu  {Fazendinha 110] 259] 2.355] 0.49] 0445] 059F 0536
19| Guajuriva 2304] - a7.77] 2073 678] o0204] s548f 0237]
20 Porto Amazonas 3662|  68.84] 1.880] 7.19] o0.95] - 7.32] 0200
24 Sao Mateus so Sul 6005| 112.14] 1849] 16.41| o.266] 7.16] - 0.118
22 [Uniao da Vitoria 24211 518.32] 2.141] 68.05] o0281] 82.32] 0.340
23 Salto Osorio 45524 1068.81] . 2.332] 126.00] 0275  99.44] 0217
24 Salto Cataralas 67317] 144369]  2.145| 213.00] 0.318] 187.14] 0278
25 Divisa 7070 154.75] - 1.942) 27.85] 0.348] -9.s0| 0.123
26 Foz do Cachoeira’ 693 1888 2.724] 250  0.374] - 04| 6092
27 “|santa Clara 3913] 111.21] 2.842] 13.09] - 0.335] 1283 0.328
28 Aguas do Vere 6698] 107.631 2951| 21.19] o316} 10.45] 0.156
29|Ribeira  |Capela do Ribeira 7252] 12550] 1.731] 52.94] 0.730] 4258} 0.587
30|Litoranea]Morretes (Nhundiaquara 217] 1202] 65390  oss| 0.406 §.33] 08613
31 Morretes (Marumbi) 53| 4571 8623 022| 0415 023] 0623
Average 2.480 : 0.314




3._2 Current Water Use
3.2.1General

At present, domestic water for urban area is supptied to 98% of urban population. SANEPAR
supplies water to 89% of urban populat:on and other organizations, mcludmg mumcnpalmes
supply the rest.

Water source depends on surface water in 85%, and groundwater in 15%. The areas where the
percentage of surface water is high are Iguacu, Tibagi, Cinzas and Litoranea river basins, and use
of groundwater prevails in Parana residual basins and Paranapanema residual basins,

3.22 Data Collectioh

According to mformahon and data on water use are scaltered among related orgamzahons and
types of registration form are also different. To undersiand the present srtuatlon of water use, the
following data collection were carrted out.

(l) Data Availability

To collect the available existing data on water use, the Team made investigations through the
following retated organizations.

1) EMATER

EMATER company is constituted by one directorate, 20 regional offices and 23 district
oftices. It is responsible for the techrical assistance in agriculture. According to information
from EMATER head oflice, registration of irrigation is only available as named SISCON
(Nationa! Irrigation Database) obtained by National Irrigation Secretary in Ministry of
Agriculture. In addition to above data collection, interviews to 42 municipal offices were
made by the Team. SISCON database is cavered 1,484 registers.

2) IAP

TAP is composed of 5 directorates such as Administrative and Financial, Juridical, Inspection
-and Licensing Environmental Information, and Technical and Scientific Directorates. Date

were collected mainly from Inspection and Licensing Directorate (DIFLA) which is

composed of two departments such as Department of Diffusion of Environmental
~ Information (DEFAM) and Department of Environmental Statistics (DELAM).

a) DEFAM(Department of Diffusion of Environmental Information)

DEFAM is responsible for the authorization of water use from the available wates
sources. The existing data of 1,680 registered companies are available at present.

b) DELAM(Department of Environmental Statistics)

DELAM is respons:ble for the authonmtlon of lnslallatlon and operauon by private
compamcs The ex:stmg data of | 299 registered compames are avanlabtc
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The water supply sources are usually used by own, not only from SANEPAR watcr
supply system. SH

(3) SANEPAR

Data from SANEPAR is avallable with 1 ,820 reglslered waler supply systems and 1l isina
database of DEFAM

{4 COPEL
Data I‘rom COPEL is ava:lable wnh 1 13 reglstercd hydroetecim stal:ons
(S) Interview and Questmnnmre Survey |

'The Team made a interview and qucsttonnalre survey for branch 0ﬁ|ces of IAP EMATER
and SANEPAR and 196 municipalities. '

After processing the collected data, the database system was prepared és shown in Eigu_r:e'-i_i‘z. |

—JAdsHew Recods

'

—— 0:igaﬂ:l3:l;0ﬂ_
Data .” - e | Us2ge

&slem I
. —-—lEled.r'-c Power Station’ I -
-—-l Water Resources I :

_ Fi'guré-3.2Dht:ébase S)_'Slém of Wam Use _ -
323  Results of Crirrent Water Use Su'rvey '

The collected data and information are summarized as Ihe f‘ollowmg waler supply categones

- Public supply : - :
- Industrial supply
- Trrigation supply

- Mining supply
- Pisciculture supply -
- Leisure (recreation) supply
- Services supply
- Other utilities supply
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An amount of water supply by category and basin are summarized as shown in Table - 3.2, and a
distribution of main water supply categories such as public water supply, industriat water supply,
irrigation water supply and others by basin is shown in Figure - 3.3

There is a di ifference between the required supply water volume estnmated by the Smdy Team and
the results of above current water use survey. The nain reason is that the results of current water
use survey were summanzed to collect for the water use wh:ch already registered as a water
* right. | : :

Especially, agriculture water both the results differ remarkably, because the opérated duration
~ time of water supply by day or season is limited. Although the required supply water was
~ determined by considering the operated duration time, the results of current water use survey

were adaplcd to determine as a contmued 24 hours operauon time,

Therefore, the amount of required water supply volunie computed by the Study Team is
appropnaled for the current water use condlllons
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Table-3.2  Amount of Water Supply by Category and by Basin

Unit : m3/sec
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Figure-3.3 Distribution of Water Supply Use by Basin
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3.3 Suvface Water Potential for Each Basin

Applying the mentioned water development and maintenance discharge criteria (refer to the
section 3.1), an amount of surface wates potential by discharge reference point was computed as
follows;

(1) Discharge Reference Point

Each river basin was divided into maxinmum 5 blocks as shown in Figure - 3.4 for convenience of
surface water development study mentioned later in Sectoral Report Vol. G. The boundary of

each block crossing the river basin was determined along the boundary of the municipality as
~ similar as possible to the natural boundary of tributary basins.

30 discharge reference points were determined downstream of each block. Surface water
potential is to be calculated at discharge reference points.

(2) Surface Water Potential

Surface water potential was calculated by deducling maintenance discharge (0.5 Qyo,7) from the
tow water flow (Q0,7, map obtained form CEHPAR (1982)) at each reference point. The water
use of the upstream was not considered in the above calculation. The results are shown in Table
- 3.3 and Figure - 3.4, The results of Q407 at each point are shown in Appendix-3 of Data Book.

Table-3.3 Surface Water potential at Each Reference Point

No, [Basin : Block | Area Polential |
{km2] [mdfs]
li 4] [Cinzas CZ-1 1,910 _1.789
121]. (%] 9,291 4545
(3] [lguacu COG-A _ 3,550 3.817
4] ] ‘G2 18,300 20.827
(5] G- 8670 43.554
(5]} 164 | 57,000 60115
{7 iG-5 68,700 ¢ 93.229
[ 8] [itarare IY-1 5,198 7.643
9] Ival V-1 3,170 2.102
Iv-2 8,442 3842
V-3 19,992 10,159
V-4 29,206 12997
V-5 35,679 66,578
Liloransa . LT-1 5,766 20,045
Parana-1 PA-1 1,332 4.943
Parana-2 - PA-2 © 3,157 5.416
Patana-3 PA-3 8,668 10.582
Parana Panema-1 [PP-1 1,246 $.299
Parana Panema-2 |PP-2 - 695 0.34%
Pzranz Panema-3 {PP.3 3,712 4.168
(Zi}|Paranza Paremad [PP-4 | 4,144 6,776
Piguirl CIPQ-1 8,745 14.738
123;] - FO2| 18568 53.694
. : PQ-23 24,708 431542
Pirzpo PR-1 5006, 8.833
Ribeira &B-1 4016 10,441
27)] - kB2 EXEE] 25.937]
Tibagl T8-4 5,148 4.266
] . 8.2 16415 12.760
18-3 24,635 16,848
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" APPENDICES

(refer to Data Book)
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