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1. INTRODUCTION -

'I'hls hydrologxcal study was made aiming at; 1) clanfymg the meteorological

and hydrological conditions for the proposed Salto Pilio hydropowcr schcme 2)

deciding daily discharge and probable peak flood discharges; and 3) esnmatmg

sediment yield at the proposed darnsite. To achieve these objectives, the following data
collection and analysis'were made:

a) Hydrologlcal data collection and compilation of climatic records, rainfall

data, water level and discharge data including discharge measurement

and hydrograph records, sedjment data, and results of water quality
~ tests,

‘b Estabhshment of flow chscharge durauon curve at the proposed damsite
- to compute the elccmc power output, _

¢y . Derxvauon of probablc fiood hydrographs with several return periods
required for design of dam and related structures,

d) Estimation of annual sedlment yleid and clarifying the grain size
distribution of sedjmem flowing into the reservoir, and _

) Derivation of stage-dlschargc raung curves at dam and powerhouse sites for
planning project facilities.

2.  AVAILABLE DATA

Among the available data in the Itajaf river basin, the following data were collected
for the hydrological study in this stage. The collected data are listed in Table IIL2.1 and
the location of the observation stations is given in Fig. IIL2.1.

(1) Climate

Climatic observations of temperature, relative humidity, evaporation and wind
velocity have been camcd out at 2 observatories in Blumenau and Ituporanga by EPAGRI
near the project site since 1985 at Ituporanga and 1911 at Blumenau, respectively, Of
these, the obscrvatlons at Blumenau were stopped at the end of the 1960's.

(2)  Rainfall

There are 77 fainfall gauging stations in and around the Itajaf river basin at which
the daily rainfall amount has been observed at 7 o'clock cvcry mommg by DNOS,
DNAEE, INMET, CELESC EMPASC and SOUZA CRUZ. Out of them 19 stations are
located around the basin and another 58 stations are densely distributed along the Itajaf river
and its ributaries in the basin. Among the mentioned 77 stations, 6 stations were installed -
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_ inthe 1930‘_3., and'14 stations in the 1940‘3,_‘and most of others in the 1970's. Since then,
the observations at 12 gauging stations have been discontinued. '

Of the above stasions, d'aily rainfall records at 12 stations which"are Rio do Campo,
Vidal Ramos, Santa Clara, Trombudo Central, Rio do Sul, Taio, Anitapolis, Itoporanga,
Witmarsum, Lomba Alta, Ibu'ama and Rio Bonito, were collected taking into account their
location and duration of the observation period for estimation of the basin mean rainfall in
the upstream area of the proposed damsite. '

(3) - Discharge

' There are 4 water level and discharge gauging stations with long-term observation
period more than 40 years near the damsite, namely, Rio do Sul, (Rio do Sul Novo after
1978) and Apitina in the main stream of the Itajaf river, Ituporanga in the Sul river, Taio in-
the Oeste river, and these stations have bcen operated by DNAEE and ELETROSUL since
1930's.

Discharge measuremient has been camcd oint about 10 times a year by the above
mentioned organizations. Dlscharge ratmg curves for convcmng water levels to discharges
have been corrected periodically by using the dlschargc mcasurement records

(4)  Sediment
Sediment concentration and grain size distribution of wash and suspended loads at

~ the damsite were Surveyed by the JICA study team for about 2 months from June to July in
1993 entrusting it to the Blumenau university . -

3. CLIMATIC AND HYDROLOGICAL CONDITIONS
3.1 Climate
 The mean monthly climatic records from 1985 to 1991 at Ituporanga wnh an altitude

of EL.475m, wh:ch is located at about 50 km upstream from the damsite with an altitude
of about EL. 300 m, are listed in Table 1I1.3.1 and summarized as follows:

Ttems Jan. Feb. Mar. Apr. May Jun. Jul, Aug. Sept. Oct, Nov. Dec, Mean
Max. temperanure (°C)  30.9 30.6 29.7 26.6 23.9 20.8 20.5 22.1 22.8 25.3 28.1 30.5 25.4
Mean temperature (°C)  22.6 22,3 21.8 19.5 14.6 12.3 11.9 14.1 15,5 18.0 20.4 22.i 17.9
Min. temperanwe (°C)  17.717.3 16,2 13.4 9.2° 55 6.0 8.6 10.4 12.6 14.216.9 132"
Relative humidity (%) 82,8 80.5 81.2 85.0 86.5 87.5 85.1.83.4 82,6 79.4 76.2 76.8 8§1.9
Evaporation {(mm) 171 164 149 106 77 56 - 61 83 97 141 165 188 1,458
Wind velocity (km/hr)  4.56 4.26 5.40 5.16 5.16 4.02 4.08 5.76 8.34 7.52 7.21 7.13  5.72
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The annual mean temperaturc is 17.9°C and the recorded maximum and minimum
temperatures are 30.9 °C and 5.5 °C respectively. The annual mean relative humidity is
'81.9 % and the monthly mean relative humidity from June to Seprember is slightly higher
than that in other months. The basin mean annual evaporation amount was around 1 500
mm which corresponds 1o an cvaporanon rate of 4.1 mm/day. The annual mean ‘wind
velocity is 5.7 km/hour.or 1.6 m/sec.

3.2 Rainfall

Fig. 111.3.1 shows the isohyétal‘map of the annual mean rainfall in the upstream
basin of the damsite established by using the rainfall data observed at the aforesaid
12 rainfall ganging stations. The annual rainfall ranges from 1,400 mm to 1,500 mm in

the center of the basin and from 1,500 mm to 1,800 mm in the mountainous area of the
northern and southern parts of the basin. The basin mean annual rainfall was estimated to
be about 1,500 mm. |

The mean monthly rainfall at 3 gauging stations, which are Rio do Campo in the
Oeste river basin, Lomba Alta in the Sul _riﬁer basin and Rio do Sul at about 26km upstream
of the démsi_tc, is'given in the above Fig.JIL.3.1. This figure shows that the monthly
rainfall amou.n_t ranges from 80 mm in March to 150 to 200 mm in Jimuary and 3 stations
have the similar rainfall patterns through a year.

The rainy days at Rio do Sul near the damsite is 145 days per yeai‘ on an average for
the latest decade from 1982 to 1991 as follows:

Daily . Nos. of Rainy Days
Rain Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct, Nov. Dec. Total
fall{mm)
0 - 5 7 6 6 6 4 3 3 6 6 5 5 6 87
5 -10 3 3 2 1 ] 2 ; 1 2 3 3 2 23
10 - 15 3 2 1 1 2 I 1 1 2z O 2 16
15 - 20 1 1 1 T [ 1 l 1 1 1 1 11
20 - 30 1 1 1 1 1 1 1 i 0 1 i I 12
> 30 1 2 1 1 1 ! 2 1 1 2 1 1 15
Total 16 14 12 12 10 9 1. 10 12 12 13 13

145

Number of rainy dé}rs with heavy rainfail more than 30 mm is 15 days (4 %) in the
normal year and its frequency of occurrence of heavy rainfall is rather low.



3.3 Runoff

. Monthly mean chscharges at Rio do Sul and Apluna water lcvel gaugmg stations a are
: ngcn in 'I‘ablcs i11.3.2 and 111.3.3. Long term average monthly discharges at these stations
for 50 years from 1941 to 1990 are summarized as follows '

{Unit : cims)

Station - Jan. Feb.  Mar. Apr. May TJune 'Ju!v- Aug.  Sep.  Oct, Nov. . Dec. Mean

Riodo © 93.3 117.8° 958 64.2 785 B4.5 101.3 123.5 137.8 136.8 1013 83.2 1014
Sul .
Apiina 1554 192.8 165.3 111.8 136.9 152.7 179.6 205.6 231.0 2332 158.3 149.-5 173.4

The averagc mncff coefficients for the basin mean annual ramfail bascd on the
above and the precedmg isohyetal map of annual rainfall were estimated at 41 % for Rio do
Sul and 39 % for Apidna. The annual loss was estimated at 890 mm and 922 mm
respec_tivelj,r..

According to the result of the Hydro Inventory Stady - 1991, water consumption in
the upstream basin of Rio do Sul water level gauging station has been studied as follows:

River Basin .- Annual Mean Intake Waier (cms) : Water Volume
S Imigation ~ Municipal Industrial  Total (mil.m3)
L o Water - Water i
Tiajaf do Sul 0.29 0.08 0.02 - 0.39 12.3
Itajaido Oeste  4.05 0.02 0.09 4,16 131.2

Total . 4.34 .10 (.11 4.55 143.5

Water consumpuon of 143.5 rmlhon m3 corresponds to 1.8 % of annual rainfall or
4.5 % of annual runoff at Rio do Sul gauging station.

3.4 Flood Flows and Rain St{_jrms
(1)  Flood Flows

According to annual maximum discharge records at Rio do Sul/Rm do Sul Novo
and Apitina gauging stations, which were obtained by gauge readmg twice a day, as given
in Table H1.3.4, four large scale floods have occurred after completion of Sul and Oeste
dams which are exclusively for flood control purjabs_é. The recorded peak flood discharges
at these stations were as follows:

Name of Station Peak Flood Discharge { ¢ms )

Dec.1978  Dec.1980  Jul.1983 -~ Aug,1984
Rio do Sul Novo . 150 1,290 2,560 2,370

Apiiina : 2,160 3,090 4,330 4,320
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Hydrographs of those floeds recorded at Rio do Sul are shown in Fig, 111.3.2,
which have a rising phase pf 1 to 2 days and a falling phase of 3 to 4 days. The flood in
1983 is characterized by the long rising phase of 6 days.

(2)  Rain Storms

Rain storms which caused the above floods are characterized by regional and hourly
rainfall distribution. Accordmg 10 the 1sohyetal maps of the rain storms causing the above
mentioned large scale floods as shown in Figs. I11.3.3 to 1IL3.5, heavy rainfall occurred
throughout whole Itajaf river basin and was intensive in the mountainous area of the main
tributaries, the Benedito river, the Itajaf do Norte river, the Itajaf do Oeste river, the Itajaf -
do Sul river and the Itajaf Mirim river. In 1984 heavy rainfall oeeurred in the Ttajai Mirim
river basin and the daily amount of the rainfall was around 150 mm a day.

In the upstream basin of the Salto Pildo damsite, the basin mean 1-day and total
rainfalls in a rain storm were 107 mm and 125 mm in 1978, 70 mm and 160 mm in 1980,
66 mm and 360 mm in 1983 , and 98 mm and 230 mm in 1984 respectively. The rain
storm in 1983 wis noteworthy for its great quantity of rainfall (360 mm) as compared to
the other stomls |

Based dn the hourly rainfall distribution recorded in July 1983 and August 1984 as
shown in Figs. II1.3.6 to I11.3.8, a maximum hourly rainfall of 10 to 25 mm/hour was
estimated for the basin area in 1983 and 1984 but these were not regarded as intensive.
The recorded maximum rainfall intensity in the Itajaf river basin was 94 mm/hour at
Blumenau in March 1965,

3.5 Water Quality

- The results of _chémical analysis made for water samples taken at Rio do Sul by
DNAEE are given in Table II1.3.5.

- Of the test items for water quality, acidity is of importance for estimating the
corrosion of such metal structures for hydropower schemes as steel intake gates, penstocks
and generation equipment. According to the aforesaid table, the measured pH value, which
is the xndlcator of ac1d1ty, was in the range of 5.5 to 7.6 in the Itajaf river. This range is
classified as neutral and it is judged that there will be no adverse effect on corrosion of
metal structures,

‘Also, from the view point of utilization of river water for concrete works, oil and
grease with a range from 3 ppm 10 13 ppm were detected in the river water at Rio do Sul.
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Although these contents are still on harmless level, re-confirmation of adaptability of the
river water for concrete construction before construction stage is recommendable.

4. - LOW FLOW ANALYSIS
4.1 General Prdcedure

Since t‘hérc_‘ are nb funp_ff data at the datn Site,'_it is necessary for low flow. analysis
to work out the long-term daily runoff for the Salto Pildo project based on the data available
m the basin. Establishment of flow duration curve based on estimated runoff is also
necessary to formulate hydroelectric power dchl_opméht. o

To meet-ﬂiesc requirements, the following studies were carried out:

a).. Interpolation of missing daily mean discharge records at Rio do Sul and Rio
do Sul Novo, which were applicd for estimating long-term daily runoff at the
damsite, : _ ' : -

b)  Confirmation of reliability of runoff data at the aforesaid gauging stations,

¢) Estimation of the daily inean.dischér'gé and'de.riva:t:ion of monthly mean
discharges at the project site based on the hydrological relationship between
the key gauge and the project site, and ' : ‘ :

d) Preparation of flow duration curve based on the estimated daily mean
discharges at the damsite. o

4.2 Runoff at Rio do Sul
4.2.1 Rio do Sul Gauging Station

Rio do Sul water level gauge, which has a catchment area of 5,230 km2 and is
located at about 27 km upstream of the damsite, was ihstalle& at 800 m downstream of the
confluence of the Itajaf do Oeste and Sul rivers at the end of 1940. In 1978, this gauge was
shifted to the bridge s_iie near the original gauge site and renamed as Rio do Sul Novo. In
this report, both old and new gauges are called Rio do Sul. |

Rio do Sul gauge was selected as the key ga‘_iige for cstiinating the daf._ily mean
‘discharges at the damsite since this gauge has the long-term runoff records of more than 50
years since 1941 and the catchment area of the g:_augc covers 93 % of that at the damsite.

4.2.2 Correlation between Runoffs at Rio do Sul a'nd'Apiima

Correlation analysis aims at confirming reliability o_f the 'dat_a at the Rio do Sul’
gauging station and at interpolating the missing data of the records from the runoff data at -
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the Apluna gauging station. Using thc dally dlscharge records from 1941 to 1990 at both
gauging stations, con‘elanon coefficient was worked out at 0.96, which indicates that these
stanons have significantly high correlanon o mterpolate the missing data at Rio do Sul
gaugmg station from Apmna

Based on the correlation analysis mentioned, the .relationship between daily
discharges at Rio do Sul and Aphina is expressed by the following regression equations:

0.572 x [Daily discharge at Apitina]
1.653 x [Daily discharge at Rio do Sul)

[Daily discharge at Rio do Sul]
[Daily discharge at Apitina]

[H

The monthly mean discharges interpolated by using the above equations and daily
discharges at Rio do Sul and Apitina are given in Tables IT1.3.2 and I11.3.3.

4.2.3 Double Mass Curve Analysis

In order to furﬁier confirm the reliability of the runoff data at Rio do Sul, the double
mass curve analysis was applied by usmg the basin mean rainfall at Rio do Sul and the
runoff data at Apuina

-The basin mean ramfall at Rlo do Sul was estimated by Thiesen's method, using
dajly rainfall data at the existing rainfall gauging stations upstream of the damsite. Name of
the existing stations and es_umat_ed Thiesen's coefficients are given as follows and location
of the stations and Thiesen polygons are illustrated in Fig. 111.4.1;

No.. - - Name of Station Thiesen's Coefficient

- 02749003  Taio . '0.388
02749613  Trombudo Centsal - {.183
02749002 ~ huporanga 0.203
02749007 Lomba Alia 0.18%
02749008 Rio do Sul _ G037

The monthly rainfall derived from the above method is given in Table IIL4.1.

Using the annual runoff data at Rio do Sul and Apiiina and the basin mean annual
rainfall, the double mass curve between these data are worked out as shown in Fig. 1114.2.
Itis judgcd that the runoff records are reliable since the double mass curves indicate linear
relationship between runoff at Rio do Sul and Apiiina, and between the runoff and the
basin mean rainfall at Rio do Sul.
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4.2.4 Estimation of Fldw Discharge at 'Pn;()posed Da'msite

Fiow dlscharges at the damsite was csnmatcd based on daily mean dlscharce at the
Rm do Sul. In this estimation, the daily mean chscharges at Rio do Sul were converted into
those at the damsite by the following equauon using the basin mean annual mmfall ratio and
catchment area ratio of Rio do Sul and the damsite; - o

stte = QR:O do Sul * (Rsue /RRto do Sul) ° (Asne / ARIO do Sul)

~ where;. : . '
Qsite S daily mean dis'chargc at the pmpos;'ed damsite
Qricdosal daily mean discharge at Rio do Sul
Rsite ot average of the basin mean annual rainfall at damsite (1,508 mm) as
' ‘estimated in Table 111.4.2, to which the followmg Thiesen's coefficients
were apphed .
No. Name of Station . Thiesen's Coefficient
02749003 ‘Taio . 0.357
02749013 Trombudo Central ~ 0.168
02749002 lwporanga : - 0187
02749007 lomba Alia - 0.174
02749008 Riodo Sul - 0.034
. 02749601 Ibirama ' 0,080
RRicdoSul average of the basin mean rainfall at Rlo do Sul (1, 515 mim) as
_ estimated in Table I11.4.1.
Asile, : calchment area at the proposed dzlmsue (= 5 597 km2 at dam axis B)
ARiodosut : catchment arca at Rio do Sul (= 5,230 km2)

The estimated daily mean disbhargés at the proposed damsite by means of the above
equation are illustrated in Fig. II1.4.3 and the monthly discharges'are' listed in Table
IT1.4.3. Table for daily mean discharge at the proposed damsite is attached _té the end of this .
Annex II1 The discharges shown in these tables are at the dam axis B which has the
catchment are of 5,597 km2. The same discharges are applied for the other dam axes C and
D (c.a. = 5,601 km2and 5,603 km?, respectively) since increment of the catchment area is
only 0.07% and 0.11%, respectively,

4.3 Flow Duration Curve

Flow duration curve to show characteristics of river flow at the damsite was
established by arranging the daﬂy mean dlscharge records. In order 10 apply the curve for
energy generation simulation study of the project, the fo!iowmg two hydrologlcal periods
were considered: '

- Critical Period : From Aplr! 1949 1o November 1956
This period was designated by ELETROBRAS 10 be the hydrologwally critical
or driest period for power generation in the area covered by the interconnected
power system of the south and southeast regions.
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- . Long Term Period ; From January 1941 to December 1990,
This period covers entire length of discharge record available at present.

Fig. 111.4.4 ‘pfesents the flow duration curves for both periods and the following
table shows discharges corresponding to typical excess percentages: '

(Unit : cms)
_ . Percentage against 365 days
. Period Max. 0% 25% 50% 75% 97% 100% Mean
1. Critical period 1958.3 189.2 95.7 504 294 12.6 4.1 86.3
{Apr.1949 10 '
Nov.1956)

2498.6 235.0 121.4 635 355 14.2 4.1 108.2
2. Long term period
{1941 10 1990)

5. FLOOD RUNOFF ANALYSIS
5.1 General Procedures

Estimation of design flood for Salto Pildo dam in the Hydro Inventory Study - 1991
was based on the sx_étis‘tic;'al analysis using the annual maximum discharges among the
records observed twice a day at Rio do Sul. There is possibility that the design flood was
under-estimated since the used data were not always peak flood discharge considering
frequency of the observation.

Flood runoff ana.i_ysis was made to review the previous study results and to estimate
the probable peak flood discharges and their hydrograph with several return periods by
applying a mathematical simulation model and using rainfall data in order to obtain the basis
for design of prbject fac‘ili;iés. The return periods are designated at 2, 5, 10, 20, 50, 100,
200, 500, 1000 and 10000-year to cover design scale of permanent and temporary facilities
for the project.

In estimating probable floods, the following assumptions were applied:

(@ No retardation effect of reservoir created by the proposed dam is taken into
account since no flood storage space is provided in the reservoir.

(b) Flood control effect of the existing upstream dams; -Sul, Oeste and Norte
dams, is not considered assuming that a rain storm with a long duration as
long as in 1983 would fill the storage volume up to flood water levels of these
dams before a big probable flood occurs. -
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Probable ﬂoods were derived through simulation study based on ramfall data. In
the simulation study, the following ana]yses were camed out ' '

a)  Estimation of basin mean probable ramfal! wnth each return period in the
project catchment area,

b) Preparauon of hyctograph for probabie rainfail and

¢} Slmulanon of probable ﬂood hydrograph usmg the storage funcuon model
established in the Itajai river basin flood control stndy-1988 by JICA, and
inputting the hyetograph of the probable ramfall into the model.

5.2 Flood Runoff Analysxs
5.2.1 Simulation Model

In the Itaja: river basin flood control study - 1988, JICA established the simulation
model by means of the storage function method developed in Japan. The model has been -
calibrated using actual rainfall and flood records during the major. floods in 1978, 1980,
1983 and 1984 after the construction of Sul and Oeste dams.

The established simulation model main!y consiSts of:

a) Basm model Wthh converts rainfall into ﬂood discharge from a basm,

b) River channel model which enables to express retardation effect in a river
_ channel and flooding in a inland area, and .

¢) Model for the existing flood control dams/reservoirs,

The basm dmswn mcludmg river channel and sub-basin is shown in Fig, IL5.1
and river system model and storage functions of basins are given in Fig. I11.5.2, As
described in the Section 5.1, retardation effect of the existing 3 flood control dams, was
excluded in the simulation model for this study Basic equations of the storage functlon of
the basin and river channel model are described as fo‘lows

(_1)' Basin model

The basin model is expressed by the following equation:

 S=K-QF

dS/dt=(1/36)+fers A-Q

Where, S : basin storage (m3) :
Q ¢ runolf from basin except base ﬂow (cms)
KandP :  consans
t : time (scc)
f munoff coefficient ‘
r basin mean rainfall fmm/hr)
A catchment area (km2)
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Constants K and P in the éqi:ation were estimated by the following formula which
were determined by an average riverbed slope in a basin and throngh calibration of the
model: '
K=135°11884 ;03

P=0.175 1" 0235
Where, . i : average river bed slope

) River channel model

The river channel model is expressed by the following equation:

S=K+QF _

Where, 5 : storage in a channel (m3)
Q : flood discharge into a channel (cms)
KandP : constants

Constants X and P in the equation were estimated by means of non-uniform flow
calculation using river cross sections.

5.2.2 Inputs to Simulation Model
(D .Runoff coefficient

The runoff coefficients during floods have been studied by using rainfall and runoff
data during' largé scale floods in 1978, 1980, 1983 and 1984 in the Itajai river basin flood
control study - 1988. Since there were no large scale floods corresponding to the
preceding floods after the flood in 1984, the results of the study in 1988 were applied to
this study.

Fig. IL.5.3 shows the relationship between flood runoff depth and rainfall amount
dunng the precedmg four floods. From this figure, a preliminary runoff coefficient was set
at 0.5, and the satvrated rainfall, which is the turning point from preliminary runoff _
- coefficient, is set at 200 mm.

(2) Base flow

The average of annual mean discharge of 108.2 cms at the proposed damsite as
given in Table I11.4.3 was adopted as the base flow.
€)] | Basin mean probable rainfall _

(a) Duration of probable rainfall
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Fig I11.5.4 shows the rclanonshtp between duranon and accumulated basin mean
dally rainfall at the damsite during the major rain storms as. listed below, winch
‘caused peak flood dlscharge more than 1,000 cms.

Date of . Duration - Rainfall
Major Rain  (days) Amount .
Stoms : {mm}
May 1948 4 150
Aug. 1957 . 4 140
Aug. 1972 7 177
ol 1973 6 103
Oct. 1975 5 107
Dec. 1980 7 169
jul. 1983 9 360
Aug, 1984 8 235

This Fig,I1.5.4 indicates that more than 80 % of the rainfall amount tend to occur
within 4 days and these rainfalls tend to induce floods. On the basis of the result of
these observations, a period of 4 days was adopted as the duration of probablc '
ramfdll '

(b) Probable basin mean rainfall

- The probziblc basin mean rainfalls with duration of 1 to 4 days at the damsite were

 estimated by means of Gumbel method using the aforesaid basin mean daily rainfall
given in Table 11L5.1. The derived basin mean probable rainfalls ;ire shown in
Table IL5.2 and their frequernicy curves are illustrated in Fig. 1IL.5.5.

| (c) Hyetograph of probable rainfall

The Hydro 'Inventd'ry"Study'- 1991 by JICA established the following rainfall
~ intensity-duration curve by enveloping th‘e'rglationshi;i between rainfall intensities
and durations recorded at Saltinho, Rio do Sul, Timb6 Grande and Doutor Pedrinho
gauging stations dun'ng rain storms in 1983 and 1984 and Blumenau in 1965:

I = Ra-day* { 10.57/(t 08 +4.16) }

where, i : rainfall i anlcns:ty (mmlhr}
Ra.day rainfall amount for 4 days
{ : time (hour)

The following pmcedure was applied to establish hyetographs of the probable
rainfalls with the deSIgnated return period, using the mentioned equation;

i) Estimation of intesities of probable 4 -day rainfall for durations from 1 hour
to 96 hours (4 days).
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i) Conversion of the estimated rainfall intensity to rainfall amount for each
duration from 1 hour to 96 hours (4 days).

iii) Es[ablish_nie.nt of hyetograph of the probable 4-day rainfall by allocating the
estimated rainfall amounts in item (i) to hourly rainfall assuming centralized
type of hyetograph, and

iv) Adjustment of the established hyetograph in order to meet severity of the
probable rainfalls for durations from 1 day to 4 days estimated by using the
annual maximun series. _

The established design hyet.ograph with a return period of 10,.000-year, which is a
usual design scale of spillway for large reservoir project in Brazil, was illustrated in Fig.
111.5.6. |

5.2.3 Probable.Flood Hydrograph at ﬁamsi'te_

Based on the mentioned inputs and the simulation model, flood hydrographs with
the designated return periods were worked out as shown in Fig. IIL5.7. The obtained
flood peak discharges are as follows: '

Retumn Period  Peak Flood Discharge
{year) at Damsite (¢ms)
2 1,600 (1,100)
5 2,300 (2,000)
10 2,600 (2,500

20 2,900
-50 3,300
100 3,600
200 3.900
500 - 4700

1,000 5,300

10,000 7,400

‘Figures in brackets in the above table show flood peak discharge estimated taking
into account the retardation effect by the existing Sul and Oeste reservoirs, referring the
analysis by the Itajai river basin flood control study is 1988,

5.2.4 Probable Flood Diécharge at Powerhouse Site

Probable peak flood discharge at the proposed powerhouse site was estimated from
the floods at the damsite applying their catchment area ratio (1.61 = 9041 km? /5597 km?2).
Result of the estimation is as follows; |
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Retum Period Peak Flood Discharge

(vear) at Powerhouse (cms)
2 2,600
5 3,700
10 4,200
20 4,700
50 5400
100 5,800
200 6,300
500 7,600
1000 R.600
10000 12,000

5.3 Comparison of Design Peak Flood Discharge

In order to check the derived peak discharge of the flood with 10,000-year return
period, specific discharges of design floods applied to several other dam projects in and
around the Itajaf river basin were compared applying Creager's coefficient (C), which
indicates the relationship between catchment area and peak flood discharge, as shown in
Fig. I11.5.8. This figure indicates that the specific discharge of 1.32 (7,400 cms / 5,597
km?) of the Salto Pilio project correspods to flood discharge with C of about 50. On the
other hand, the C of the Norte, Sul and Campos Novos dams, of which the catchment
areas are in the similar order, are also about 50. Considering the scale of the design floods
of the mentioned projects, it was judged that the discharge of 7,400 cm is reasonable for
the flood with 10,000-year return period at the Salto Pilgo damsite.

After the Hydro Inventory Study - 1991, ELETROSUL undentook review study on
probable flood discharges by means of frequency analysis using the annual maximum daily
mean discharges in 52 years from 1940 t0 1991 at Rio do Sui and by muitiplying its result
by the catchment area ratio of the damsite and Rio do Sul. As the result, the probable peak
flood discharge of 5,700 cm was worked out for the flood with 10,000-year return period.
This figure corresponds to C of about 35 and it was judged to be too small value compared
with figures in other projects. Difference of peak discharge estimated by the present study
and ELETROSUL is appearently caused by the difference of data, namely daily mean
discharge and instantancous flood peak discharge taking into account the comparatively
small catchment area of the Salto Pildo project.

In erder to carry out flood analysis with high accuracy in the future detailed design
stage, accumulation of records on hourly water levels and discharges during floods at the
damsite or at Rio do Sul is recommended. For this purpose, it is recommendable to install
at the damsite a new gauge equipped with automatic recorder.
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6. SEDIMENT ANALYSIS
6.1 Sediment Ratmg Curve

_ The sediment study to estabhsh wash and suspended loads rating formula was made
in ItaJm river basin flood control study stage in 1998 and Hydro Inventory Study in 1991
by using the sediment concentration and flow discharge records at 5 stations on the main
stream of the Ita_]al river and its tributaries, and the following formula was derwed
Qs =0.096 Q 1759

where, Qs :  Suspended load (tons / day)
Q ¢ Fowdischarge (cms)

Fig. IIL6.1 shows relanonshlp between flow discharge rate and correspondmv
sediment yield per day.

.. To check the applicability of the above rating formula for estimation of the sediment
 inflow into the resetvoir, sediment survey on wash and suspended loads was undertaken at
. Lontras susp:néion bridge located at 4.5 km upstream of the damsite in June to August
1993.‘_Ri‘vcr' water Wa_s’ sampled at 3 places; left and right bank sides and center of the river
channel, in each time of total 25 observations. Solid content in the sampled water was
measured by using a decanting method (Imhoff cone method). It was revealed during the
survey that this method indicates relatively high content of sediment since solid particles
settles in bottom of the measurement cone in colloidal state due to unexpectedly very fine
particles. In the later observations, the solid content was measured again by filtering
method using glass fiber filter. Solid contents measured by both methods are shown in
Table H1.6.1. Average value given by the filter method is 23 mg/lit.

Daily sediment yield at Loniras culculated from these new observation results are
‘plotted on Fig. I1L.6.1. This figure shows that the amounts of surveyed sediment yield
widely scatter around the line of the rating formula shown above. However, it is
considered that the formula still indicates general tendency of sediment yield. The formula
was therefore applied for estimating the sediment yicld at the dam site.

6.2 Sediment Discharge into Reservoir

Based on the sediment rating formula and the long-term daily mean discharges for.
50 years from 1941 to 1990 at Rio do Sul, monthly wash and suspended loads were
estimated as shown in Table 11L.6.2. The average annual load at Rio do Sul is 231 thousand
tons/year. Assu_mir_:g the wet density of sediment to be 1.2 tons/m3, the annual sediment
volume was calculated to be about 193 thousand m3 corresponding to a specific sediment
yield of 37 m3/km?/year. '
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Assuming that other riverbed load corrcspondq 1020 % of thc wash and suspcnded
16ads; the annual amount of the riverbed load was roughly estimated to be 37 thousand m3
_ ‘Consequently, the total sediment load at Rio do:Sul was csnmated at 230 thousand m3 or
m3/km2/year. ' ' '

Applymg thls specific sediment yield of 44 m’*/kmﬂfyear total sedlmcnt inflow into
the reservou' was estimated at 247 thousand m3/year. '

6 3 Gram Sme Dnstrlbutmn

In parallel with the survey of river water sediment load in the present study, gram
size distribution, spemfic gravity and dens:ty at wash and suspended loads were tried to
investigated. However, grain size of solids in river water sampled at the Lontras
suspension bridge was very small and its classification was impossible. In order to estimaie
grain size distribution of total sediment load including wash, suspended and bed loads,
river bed material was sampled and tested. As river bed material could not be sampled at’
the Lontras bridge because of rocky river bed, the sampling was made in the vicinity of the
Lontras highway bridge and another Rio do-Sul superﬁision bridge. ' '

Grain s;ze of the sampled nver bed material was measured by 2 methods; sieve
analysis for grams larger than 0.075 mm and densimeter analysis for smaller grains, The
results of the analysis are shown in Table I11.6.3 and graphed on Fig. I11.6.2.

As shown in this figure, grain size of sediment load at the dam site are as follows:

- At leaét 50% of sediment load is smaller than 0.075 mm in size.
Content of grains larger than 0.3 mm is less than 13%. :
- Content of grains larger than 1.0 mm is very scarce and probably less than
' 1%

7.  RATING CURVES AT DAM AND POWERHOUSE SITES

In order to estimate stage-discharge relationship of the river at the damsite and
- powerhouse sites, water level observation was carried out once a day for about 3 months
from June to August, 1993 at the left bank of the dam axis C and at the bndge pier of the
powerhouse site.

Corresponding flow discharge at both observation sites was estimated from the
discharge records at Rio do Sul for the dam site, and at Apiiina for the powerhouse site,
using catchment area ratio between the gange site and the observation site. The observed
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water levels and corresponding discharges estimated are pfesented in Table HL7.1 and
those are plotted on Fig.JI1.7.1 for powerhouse site and on Fig. I11.7.2 for the damsite.

As large floods could not be obsci'ved in the period of the present investigation,
water levels at high flow were estimated by non-uniform flow analysis assuming 0.03 of
Manning's roughness coefficient. The result of the estimation is as follows;

Powerhouse site Dam site (Axis B) :

Disch. {cms) Water Level (m) Disch. {cms) Water Level (m)
1,000 113.8 500 300.1
2,600 1159 1,100 _ 309.6
4,200 117.7 2,500 ' 310.6
5,800 : 119.4 3,600 311.3

- 8,600 122.2 5,300 312.2
12,000 125.0 7.400 ' 313.1

Stage-discharge rating curves thus obtained for the damsite (axis B) and the
powerhouse site are shown in Figs.1I1.7.1 and 111.7.2.
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Table If1.2.1 Hydrologic Data Collected
Name of station  No. Institute Type of data Observation Period
w10 11 heso |1 j1990
{A) Climate
(1) fuporanga - EPAGRI  Monthly temperature -y
‘Monthly relative -
Monthly evaporation ==
Monthly wind velocity -
(2} Blumenau - EPAGR! Monthly temperature PR e S
Monthly relative @!—@I-&I_
Monthly evaporation S—r——
(B) Rainfall _
(1) Rio do 02650014 DNAEE  Daily Dm———
(2) Vidal Ramos 02749033 DNAEE  Daily : ———
(3) Santa Clara 02749032 DNAEE  Daily Ee———— |
(4) Trombudo 02749013 DNAEE  Daily T —————
(5) RiodoSul 02749008 DNAEE  Daily f"'"+'i"":-+‘
Taio .. DNAEE  Daily [ S e R S
(6 02749003 ' ’ i |
{7) Anitapolis = 02749027 DNAEE  Daily ’m
(8) ltuporanga 02749002 DNAEE  Daily STET—————
(9) Witmarsum 02649053 DNAEE  Daily | | | _’—n:.
(10) Lomba Alta 02749007 DNAEE  Daily e
(11) Ibirama 02749001 DNAEE  Daily T ———E———
(12) Rio Bonito 02749009 DNAEE  Daily G ———
(C). Discharge Records :
(1) Taio 83050000 DNAEE  Daily
(2) Ituporanga 83250000 DNAEE  Daily w-é—é
(3) Riodo Sul 83300002 DNAEE/ Daily S
_ ELETROSUL
(4) Rio do Sul N 83300200 DNAEE/ Daily
(5) Apiuna 83050002 DNAEE/ Daily
ELETROSUL
(D) Discharge Rating Table and Measurement Records
(1) Taio 83050000 DNAEE A CNERETS
(2) Htuporanga 83250000 DNAEE T ——
(3) Riodo Sul 83300002 DNAEE A |
(4) Rio do Sul N 83300200 DNAEE | | | | :
(5) Apiuna 83050002 DNAEE __;
{E) Houry Rainfall during Flood
(1) Taio DNAEE h
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Tabie 111.3.1

Climatic Features at Ituporanga

{1 Maximum Temperature (*C)
Year Jan. Feb. Mar. Apr. May Jupn.  Jul.  Aug. Sept. Ogt  Nov. Dec  Mean
L98S - - - - - - - 21,2 212 249 281 2971 250
1986 309 207 282 258 224 208 194 221 219 253 267 218 251
t987 306 286 293 259 190 184 205 189 195 234 268 286 241
1988 308 273 297 237 186 173 186 205 218 233 267 285 239
1989 276 256 283 257 215 197 1B4 207 202 232 265 - 23.8
1950 274 294 280 264 207 181 167 202 206 247 272 286 240
1991 292 306 289 266 239 201 - 193 204 228 249 21 305 254
Max. 309 306 297 266 239 208 205 221 228 253 281 305 254
(2) Mean Temperature (°C)
Year Jan.  Feb. Mar. Apr. Mav  Jun.  Jul.  Aug  Sept. Oct.  Nov. Dec. Mean
1985 - - - - - - - 148 158 187 209 222 185
1986 231 228 216 1935 160 137 129 153 158 180 204 215 184
1987 230 223 28 211 132 104 149 132 147 177 206 219 1719
1588 237 215 223 177 136 113 108 142 161 174 1924 222 175
1989 220 228 213 194 46 132 106 134 150 168 198 - 17.2
1990 220 219 222 204 136 119 109 135 146 192 212 217 178
1991 218 223 215 191 164 131 114 143 164 185 203 232 182
Mean 226 223 218 195 146 123 119 141 155 180 204 221 179
(3  Minimum Temperature (°C)
Year Jan. Feb. Mar. Apr. May Jun.  Jul.  Aug.  Sept.  Oct. Nov. Dec. Mean
1985 - - - - - - - 103 123 144 164 169 141
1986 186 190 162 158 124 9.5 85 110 119 132 162 173 141
1987 188 184 166 162 92 55 LS §8 110 134 )59 172 135
1588 194 178 1727 134 106 1.6 60 102 124 133 142 179 134
1989 186 185 175 159 109 9.8 6.3 86 118 128 150 - 132
1990 19¢ 176 187 113 9.4 83 7.1 90 104 156 174 174 139
1991 i27 173 173 149 122 94 65 103 127 143 161 181 139
Min. 17.7 173 162 134 92 3.5 6.0 86 104 126 142 169 132
) Relative Humidity (%)
Year  Jan,  Feb.  Mar,  Apr.  Mav  Jun.  Jul.  Aug. Sept  Oct.  Nov. Dec. Mean
1985 - - - - - - - 845 841 787 745 M5 793
1986 890 854 B0O2 870 880 B9S 83T 850 823 772 737 B8 846
1987 827 843 738 888 901 882 88T 840 844 B8I1 777 168 840
1088 708 828 820 850 887 BE6 814 827 839 796 15 10 B
198 835 806 831 838 859 871 823 821 B83I1L 750 127 . 81.7
1950 849 779 831 851 825 353 859 820 8l1 825 BlS5 T47 822
1981 767 721 802 805 836 863 838 812 793 794 40 47T 705
Mean 828 805 812 850 8.5 875 851 B34 B26 794 762 768 3i9
(5) Evaporation {(mm} by Pan A
Year Jan.  Feb. Mar Apr. Mav  Jun. Jul.  Aug.  Sept. Oct.  Nov. Dec. Total
1985 - - - - - - - - - - 178 206 -
1986 205 168 149 108 70 52 68 92 98 164 138 132 145!
1987 103 154 1P 99 75 52 58 75 85 124 151 197 1,351
1988 214 148 155 95 61 55 69 81 20 138 183 174 1461
1989 160 151 137 98 73 45 29 82 107 143 116 - -
1990 161 188 137 128 86 74 64 87 103 123 162 19} 1,505
1991 185 178 140 07 99 60 76 80 99 154 167 219 1564
Mean 171 164 149 106 77 56 61 83 97 141 165 188 1.458
(6} Wind Velocity (km/hour)
Year  Jan.  Feb. Mar. Apr. May  Jun.  Jul.  Aup. Sept. Oct. Nov. Dec. Total
1983 - - - - - - - - - 518 472 500 499
1986 3,24 252 252 144 144 108 144 2006 144 180 216 216 195
1987 324 216 792 32 648 356 324 156 8.64 1044 1180 1368 6386
1988 252 216 - 144 144 144 216 216 432 324 396 252 249
1989 252 180 108 360 468 540 720 756 1512 1260 1116 - 5.61
1990 6.84 9.00 864 864 1008 576 468 900 1044 {183 936 080 876
1991 900 792 684 1260 684 648 576 612 1008 - - 8.64 303
Mean 456 426 540 316 516 402 408 576 834 752 721 713 572




Table I11.3.2 Monthly Mean Discharges at Rio do Sul

o ' _ Annual

Year S . Monthly Mean Discharges (ems) . : " Rupoff

' Jan.© Feb, Mar, - Apr, May Jun Jul. _Aug. Sept.  Oct ' Nov. Dec. Mean (mm)
1941 - 78.0 13L1° 1206 408 76.1 10835 47.1 - 153.3 851 893 1202 724 94,0 569
1942 359 1177 809 B6O 681 679 599 659 634 551 249 323 627 .37
1943 284 482 213 168 516 1737 1083 2734 1293 B34 610 343 86O 520
1944 1025 387 942 298 I7T4 201 206 158 247 260 465 153 3717 228
1945 85 581 269 216 68 155 287 203 519 590 *178 268 285 172
1946  75.1 1990 1501 547 S35 1286 1715 1081 635 975 490 586 1003 606
1947 547 1236 746 250 295 489 576 894 2288 2006 887 772 912 552
1948 625 1153 1076 886 2200 539 1071 2763 531 494 634 216 1019 616
1946 312 157 357 629 282 820 342 763 944 518 263 262 416 288
1950 877 745 1031 308 389 320 289 1004 67.1 1958 403 - 577 717 434
1951 1152 2165 1257 373 208 *192 326 140 147 1763 784 458 740 447
1952 602 450 207 167 ikl 541 80O - 306 137.0 1780 1368 472 680 41
1953 64.7 95.5 51.8 252 214 171 221 215 - 634 127.7 1662 719 620 375
1954 654 589 1053 684 1611 1448 2187 607 ‘166.2 3732 545 243 1256 59
1955 +279 453 %494 638 1168 96.1- 2408 1027 1285 472 394 683 859 519

1956 . 1247 1338 508 - 1021 1160 523 479 823 2}4.0 1234 59.1 50.1 96.1 581

1957 53.'8 51.6 669 7Ll 659 4‘7.8 2006 -555.1 4187 1683 80,0 439 1528 924

1958 392 61.5 1989 48.1 301 809  46.0 1097 2009 - 1517 1324 1103 1010 6i0

1959 570 998 455 789 692 - 365 260 530 1623 542 242 218 607 67

1960 269 728 7T 597 287 248 140 1420 909 1270 1534 795 742 449

1961 642 1128 1464 715 368 434 464 ~ 206 3436 3105 3513 1483 1409 852

1962 659 623 792 349 857 511 708 384 1394 972 783 457 708 428

1963 *129.1 *230.8 *209.5 #7014 333, 4192 *23.0 4276 157.5 *273.6 *197.8 692 1194 722

C 1964 - 347 553 365 533 0759 415 %466 *71.6 *1063 8349 385 *I8S5 569 344
1965 *32.1 $22.1 483 %462 *134.2 *49.7 *1232 1612 1921 *13L6 *113.6 1705 1027 621
1966 - 142.8 5162 *1654 = 805 615 Itl5 668 641 1759 1358 848 1264 1416 856

1967 - 91.5 183.8 1176 517 378 636 *60.5 689 1888 1095 *992 1019 97.2 587

1968 *402 198 222 196 103 149 234 102 590 499 825 744 355 215

1969 148.2 2063 1163 2297 444 "1313 946 447 550 418 857 335 1015 614
1970 - 693 618 633 396 485 121.8 1152 792 953 742 *341 *1052 7538 458

1971 2203 *149.5 2262 170.8 *150.5 *194.5 1641 777 941 87 257 167 1323 800

1972 423 2168 885 611 250 890 737 3159 2490 1732 1212 1052 1296 784

1973 133 1215 659 *57.3 1004 1569 1869 317.6 2541 925 720 557 1329 804

1674 1203 1324 -1436 416 *32.4 489 767 385 1115 Y490 613 270 732 443

1975 603 - 456 1239 *41.9 461 599 402 1306 3356 28L1 895 2761 1282 775

1976 1720 63.5 1254 443 1219 1773 790 2059 1112 795 639 *18L.7 1193 721

1977 ° 2726 2459 1215 850 443 286 . 358 2563 880 2784 2055 760 1445 873

1978 . 787 593 80.0 239 164 205 491 388 1052 . 652 8L7 1110 609 368

1979 502 289 389 . 474 1609 615 610 675 820 3524 1728 1592 107.7 651

1980 1624 517 1853 60O 628 550 1605 3145 2513 1507 1257 3136 1539 930

1981 1749 1099 459 404 313 - 310 431 337 698 683 602 959 . 669 404

1982 429 1899 987 537 406 878 1234 979 375 1667 3555 1396 1204 728

1983 190.5 184.3 2347 1318 3393 3383 *9913 *360.7 2163 1332 1246 1790 2871 1,736

1984 1103 756 1057 863 110.1 2057 1776 5089 159.1 180.1 1794 993 1671 1,011
1985 580 2235 973 1112 584 338 594 . 279 4Bl SLO 903 153 716 433

1986 221 - 833 493 418 307 477 281 . 407 697 1256 1938 1966 713 467

1987 2329 1946 571 $5.6 2337 1268 1121 1379 . 833 2571 678 418 1339 810

1988 578  77.0 684 735 2241 1268 583 313 790 806 388 273 786 475

1989 1703 1674 962 1084 1990 417 568 637 2525 842 489 462 1108 670

1990  344.1 1947 1334 1450 947 340.0 2280 1703 2006 3312 . 2468 865 2095 1,267

Mean 933 1178 953 642 785 845 1013 1235 1378 1368 1013 832 1014 613
Min. 85 157 207 167 98 149 140 102 147 260 178 153 285 172
Max. 3441 5162 2347 2207 3303 3400 9913 5554 4187 3732 3555 3136 2871 1,736

‘¢ :  Interpolated from runoff data of Apitna
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Table I11.3.3 Mohthly Mean Discharges a_i _.Api_t’ma-

Annual

Year Monthly Mean Discharges (cms) - - . - Runoff
. Jon.  Feb. Mar.  Apr.  May.  Jun - Jul. Aug.  Sept. . Oct.  Nov.. Dec. Mean (mm)
1941, 129.6 1855 . 1653 *674 1159 1749 *77.8 2354 13L1 1577 2188 1297 1488 49
1942 67.6 2476 1477 1650 1264 1500 1193 1245 1054 914 - 466 597 1200 4060
1943 513 754 #3501 %278 0.1 2656 1724 4351 2124 1325 1008 580 1367 456
1944, 153.6 664 1389 453 260 288 287 . 284 457 390 805 304 594 - 198
1945 150 117.5 490 345 190 253 639 295 705 854 310 390 . 478 159
1946 114.0 374.1 2851 1123 87.7. 2437 2993 1745 1083 1749 833 1123 17197 599
1947° 90.0 2008 1209 427 509 8.0 966 J60.0 3992 3349 149.1 1388 1554  SI8
1948 . 131.6 2114 2047 170.1 3698 1020 1651 4290 949 . 887 1130 37.2 . 1769 . 5%
1949 545 257 610 1277 . 520 1451. 536 .1222 1400 826 448 423 794 265
195¢ 1534 1332 1988 593 653 574 470 1334 1016 3198 721 909 1197 . 399
1951 1637 3338 2138 657 377 336 S47 242 247 3123 1345 +758 1218 406
1952 *99.5° 693 *341 258 203 830 1113 - 460 220 - 30L1 2085 814 1083 36
1953 1305 1564 . 864 462 431 367 . 402, 404 1100 2409 2841 1104 1100 367
1954 1169 117.7 2134 1079 3081 2458 3473 1073 2906 S67.7  97.6 574 2159 . 720 -
1955 488 - 743 864 1027 2165 1385 3928 1738 2355 79.8° 659 1157 1490 497
1956 1919 1968 838 1495 2193 959 904 1455 3404 1853 . 941 . 724 1551 - 517
1957 924 984 1187 1226 1139 1203 4066 8839 739.1 273.1 1516 = 844 2683 894
1958 739 1399 3743 994 645 1829 863 1851 3158 (2388 1919 2190 1811 604
195¢ 1163 1573 770 1227 1204 669 503 1092 2935 1007  SI1 - 502 109 . 364
1960 . 499 130.7 1176 931 567 526 312 2656 1426 2321 200.1 1314 1327 442
1961  107.5 1758 2458 1096 . 705 920 808 384 5629 5166 5376 2578 2324 775
1962 1031 107.7 1519 606 1170 783 1083 60.0 © 2373 . 1844 1358 716 1180 393
1963 2257 4034 3662 1248 509 336 402 482 2169 478.4 3458 1799 2082 6%
1964 *57.3 1125 717 932 1327 726 815 1252 1858 1485 674 674 1012 . 337
1965 56.1 386 844 808 2346 - 869 2155 2940 2971 2300 1986 3704 1836 612
1966 2564 810.1 289.1' 1553 1102 2304 1385 1156 3398 2879 1836 2257 2578 8§59
1967 1656 329.6 2446 1054 655 1198 1057 1045 3022 1863 1734 2069 1754 585
1968 702 489 4367 516 267 319 445 247 927 866 1314 1166 635 - 212
1969 2363 3100 1849 3687 1017 2971 2051 104.0 (1248 940 1367 713 1847 616
1970 1301 103.8 1083 737 832 239.2 2196 1428 169.2 1517 '59.5 1839 1301 464
1971 4421 2613 3503 3011 2632 3399 2924 *1284 1445 1680 S38 418 2322 M
1972 730 3323 168.1 1265 435 1452 143.8 5024 4640 3416 2000 1898 2269 . 756
1973 2023 2013 1166 10001 1789 -319.1 2937 5637 4635 1927 1335 1i88 2405 802
1974 2482 2489 2988 975 567 980 1864 809 2191 - 857 *1013 481 1468 489
1975 1032 §0.7 1807 732 826 111 8.5 2328 5039 5081 1807 4743 2189 730
1976 2745 1214 2199 969 2292 3501 1580 3459 1990 1452 1393 3177 2172 124
1977 3784 2933 1986 1776 676 501 . 708 3406 137.0 4543 2865 - 1351 2165 . 722
1978 1122 949 1479 423 311 4Ll 948 769 1789 109.0 1390 2125 1069 356
1979 B33 - 497 563 804 317.0 10018 1090 1043 1542 5934 3025 2589 1856 619
1980 1750 983 2867 1080 1007 942 3342 5026 4125 2458 2138 5754 2638 879
1981 2782 1948 799 672 543 487 568 568 10L7 1144 1170 1934 1133 378
1982 785 2726 1539 © 880 70.9 1831 2494 17L1 1021 2917 5959 2627 2090 697
1983 3034 3182 4457 2040 5978 5445 17641 6244 4093 2330 1840 2938 4967 1,656
1984 1644 1199 1710 1326 1616 3269 2602 8525 2457 2711 2783 1418 2614 8T
1985 883 2987 1415 2007 953 528 942 425 784 729 1190 253 1075 358
1986 359 1201 908 907 495 746 464 679 1180 189.7 2781 3434 (253 418
1987 3512 2941 915 844 3745 2376 1723 2081 1293 3721 1009 748 3076 692
1988 925 1139 874 906 3895 2133 926 SI1 1219 1606 685 452 1274 425
1989 2675 .2954. 1784 2014 3217 752 1109 1189 4119 1460 779 703 1888 - 629
1990 _567.1 2769 205.1 2170 1847 5569 3911 2917 3024  $62.8 3619 1532 3400 1,133
Mean 1554 1928 1653 1118 1369 1527 1796 2056 231.0 2332 683 1495 1734 . 578
Min. 150 257 341 258 190 253 287 242 247 390 310 253 . 478 159
Max. 567.1 810.1 4457 3687 5978 556.9 1764.1 8839 739.1 5934 5959 5754 4967 1,656

*.

Interpolated from runofT data of Rio do Sut
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Table 111.3.4 A_nnuél Maximum Peak Flood Discharges
At Rio do Sul and Apiuna

Rio do Sul . Apiuna

Year Date  Discharge (cum/sec) Date  Discharge (cu.nvsec)
1934 - - -~ Feb. 25 - il
1935 - B Sep. 24 1,914
1936 - - Aug 6 1,507 .
1937 - - Oct. -~ 16 950
1938 -~ : . Jun. 27 1111
1939 . - Nov 26 1,742
1940 - - Aug 26 1,033
1941 - . Nov 17 918
1942 Mar 31 465 Feb. 8 881
1943 Aug 2 1,090 Aug 3 1960
1944 Mar 14 324 Mar 14 495
1945 Feb, 19 270 Feb. 20 566
1946 Aug 29 801 Aug 29 1,280
1947 "Oct. " 26 645 Sep. 2 L100
1948 Aug 2. 1,080 May 17 2,230
1949 Jun. - 12, 338 Apr. 3 702
1950 Oct. 17 992 Qct. 17 1,680
1951 Qct. 19 675 Oct. 19 1,260
1952 Sep. 7 518 Sep. 7 909
1953 Qet. 31 780 _ Nov 1 1620
1954 Qct. 22 1,470 Oct. 22 2,630
1955 Ml 7 846 May 19 ° 1,890
1956 Jan. 31 730 Sep. 20 £81
1957 Aug (19 1,190 Aug 18 3,090
1958 Mar 19 666 Mar 19 1,220
1959 Sep. S 533 Sep. 2 936
1960 Aug 18 682 _ Aug 18 1,240
1961 Nov 3 1,020 Nov 2 2,160
1962 Sep. 20 - §M Sep. 20 1,550
1963 - - Sep.. 29 1,750
1964 - - May 2 648
1965 - : . Aug 21 L460
1966 Feb. 16 1,180 Feb, 17 1,830
1967 Sep. 22 41 Feb. 26 859
1968 Dec 25 532 Dec 25 562
1969 Feb. 19 750 : Apr. 5 1,730
1970 Jul. 2 637 . 2 L,020
1971 Jun. 9 1,000 Jun. 9 2,030
1972 Awg 28 1,210 Aug 28 2210
1973 Jul. 22 1,120 Aug 29 2,310
1974 Feb. 25 458 Sep. 1 . 951
1975 Oct. - 3. 1,050 Oct.. 3 2,760
1976 Aug 10 638 - May 29 1,575
1977 Aug 18 969 Aug 17 1,764
1978 Dec 26 750 Dec - 26 2,156
1979 Cct. 9 668 May 9 = 1,847
1980 Dec 21 1,290 Dec 21 3,086
1981 Jan. 1 432 Dec . 23 927
1982 Nov 15 677 Nov 15 1,539
1983 Jul. 12 2,560 Jul. 12 4327
1984 Aug 7 2,370 Aug 7 4,314
1985 - . - Feb, 15 836 -
1986 Nov 6 323 Mov 6 1,307
1987 May I5° 703 May 21 1,297
1988 - 499 . 1,297
1989 - 720 - 1,450

Note : Figures are based on the observed values twice a day af the gauge sites
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Table IIL3.5 Quality of River Water at Rio do Sul

1986 1987 1988 1989
Items Unit Apr. 7 Jun. 17 Jan.19 Apr22 Jull5 Oct.19  Jan.i8  Jan1) Apr.18
(1) Alcalinity mg/l 221 23 9 17 15 10 13 42 27
{2)  Aldrin Ugh ND ND ND ND ND ND ND - .
(3}  Detergent mg/l ¢os  0.01 005 003 0.1 002 0.02 - -
(4)  Cadmiom mg/l 0.005 ND - 0.001 -~ ND ND ND ND
(5) Carbonate  mg/ - - - - - - - - .
(6) Lead mgfl 002 001 - 002 0.0t ND 10 ND ND
Fecal NMP/106
(7Y Coliform ml 35 93 2400 1100 - 460 13 540000 160000
Tatat
(8)  Coliform NMP/100 - - - - - 460 - 540000 160000
(99  Conductivit UMHO/cm - 78 353 S91 491 392 48.4 - 0.047
(10) Colour mgPtl 312 80 250 45 130 175 175 233 25
(11) BOD mgfl - - 0.7 0.8 2.6 i.8 2 78.7 30
(i2) cop g/l ig 188 6.1 23 141 15.7 104 - -
(13) Hardness mg/l 153 ig i1 18 25 16 14 - -
(14) Phenol mg/t ND 0.009 0011 0001 0004 0003 0.004 ND  0.002
(#5) Phosphate  mg/l - 008 005 021 0.04 0.2 025 0.0023 0.002
Phosphoric
(16}  jon mg/l 005 0335 - - - - - - -
(17 Mercury mg/ 0.001 ND  0.03t - - 0.3 6E-04 ND ND
Nitrogen
(18) Nitrate mg/l 0.8 0.9 2.7 2.1 27 5 2.1 3.76  0.007
Nitrogen
(19)  Nitrite mg/l 0.02 0074 0013 0052 0036 0.026 0.047 0.035 ND
Nitrogen
20)  Ammonium ™/ 04 0.1 - 0.4 0.1 0.1 0.2 0.56 ND
(21) Oiland mg/l 6 L3 10 127 10 117 1¢ 3 7
{22) DO mg/l G 1.4 78 5.7 6.6 9.3 6.3 37 7.9
(23) pH 7.6 6.4 6.3 6.6 5.5 7.3 59 6 6.9
Suspended
(29)  solid mg/l - 96 83 110 688 216 2108 60 32
(25) Total Solid mg/l 55 - - - - - - - -
Water
(26)  Temperawre °C - 175 24 21 19 17 26.5 21 22
: Air
27} Temperamre °C - 1635 27 25 25 19 28 24 25
(28) Turbidity UFT 67 24 154 20 88 iH 150 50 12

Note : ND ; not detected
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Table IIL4.1 - Basin Mean Monthly Rainfall at Rio do Sul

Year Month Total
Jan. Feb. Mar.  Apr. May Jun. Jul. Aug.  Sep. .Oct. Nov. Dec. '
1946 198 266 227 44 137 167 117 128 24 157 69 143 1,676
1947 143 194 91 43 81 M 71 148 240 i8] 54 . 161 1,517
1948 123 165 136 11t 239 4 - 170 160 43 120 6 331,381
1949 104 54 133 129 39t 48 132 19 .7 37 188 1,165
1950 153 119 195 ST 88 49 - .43 160 . 108 &l 56 177 1,386
1951 io6 226 98 67 41 55 59 a4 69 296 153 96 1,359
1952 188 .93 62 16 8 143 . 116 22162 209 106 141 - 1,341
1953 162 124 97 62 69 15 72 62 108 241 76 113 1,200
1954 132 173 100 98 155 130 174 27 19% 206 7 84 1480
1955 - 125 133 91 120 120 1000 223 67 . 19 75 78 114 1,324
1956 265 147 123 116 112 85 88 90 185 - 121 32 146 1,510
1957 172 95 122 140 53 117 240 340 268 114 52 89 1,800
1958 1M1 228 192 60 86 130 71 150 168 193 164 160 1,711
1959 115 113 % 173 78 58 - 35 127 159 .72 76 103 1,259
1960 92 140 127 79 72 63 2 29 78 144 169 D 100 1,327
1961 136 200 169 97 47 79 52 32 406 251 255 158 1,881
.1962 97 144 156 99 145 7% 122 54 1719 126 93 74 1,363
1963. 326 200 203 32 3 26 55 73 252 174 15] 72 1,595
1964 80 136 97 140 55 74 72 108 136 125 47 104 1,172
1965 67 73 109 153 105 56 133 156 178 98 120 239 1,487
1966 229 363 138 67 68 173 . 38 115 135 168 67 144 1,705
1967 189 191 125 78 59 101 64 92 234 128 134 115 1,509
1968 . 133 45 133 69 20 63 60 40 141 118 8 179 1,088
1969 212 240 175 156 61 150 72 94 94 8 125 41 1,502
1970- 159 146 131 4 1e 183 7213 85 89 36 206 1,371
1971 243191 194 160 118 134 - 110 98 117 8 - 54 58 1,563
1972 164 . 286 146 52 27 189 117 291 175 138 98 118 1,80l
1973 210 120 112 93 118 172 121 285 153 70 98 162 1,722
1974 224 182 107 41 41 128 97 59 1t 94 82 109 1,275
1975 106 128 149 22 89 8 51 154 260 167 144 226 1,579
1976 215 73 1T 41 205 99 143 142 .82 140 108 233 1,653
1977 312159 150 75 43 44 70 253 73 206 197 75 1,656
1978 172 93 141 1 34 84 122 52 120 116 107 214 1,253
1979 43 - 1290 55 129 200 43 78 69 128 299 142 186 1,499
1980 157 8 218 - 6l 89 82 . 190 200 155 180 92 311 1,821
1981 165 72 .8 103 27 57 9] 63 111 95 78 152 1,099
1982 56 325 131 24 85 152 87 129 37 221 260 130 1,636
1983 - 231 . 237 113 159 279 160 . 614 126 173 92 168 262 2,615
1984 173 135 121 95 106 158 133 325 131 125 170 104 1,776
1985 92 265 124 120 58 22 97 43 88 100 104 . 27 1,140
1986 156 167 67 104 I8 28 53 80 114 159 - 217 205 1,468
1987 236 201 457 114 233 104 117 112 60 24i 53 95 1,610
1988 163 134 56 163 180 90 10 9 107 117 .66 95 1,193
1989 256 132 118 129 152 29 113 72 223 78 126 88 1,515
1990 333 0225 178 140 143 181 207 I35 - 163 231 169 103 2,207
Mean 169 165 129 91 100 97 109 120 143 149 108 136 1,515
Max 333 363 227 173 279 189 614 340 406 299 260 311 2,615
Min. 43 49 45 1 20 4 0 4 24 70 7 27 1,088
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Table IIL4.2 - Basiu Mean Monthly Rainfall at Damsite

Total

Year : " Month ) .
Jan.  Feb. Mar.  Apr.  May Jun. Jul. ~ Apa. "Sep.  Qct.. Nov. Dee,

1946 - 200 263 228 4 132 168 119 129 26 159 . 67 140 1,674
1947 1420 198 93 43 82 109 74 142 236 180 54 160 1,514
1948 131 164 138" 108 240 ‘4 170 158 .44 119 71 35 1,388
194¢ 103 56 137 130 3 M 47 132 17 71 40 182 1,163
1950 158 - 120. 195 60 89 49 42 159 169 184 56 172 1,391
1951 195 221 96 65 40 54 6D 4 68 299 149 - 95 | 347
1952 184 38 64 17 81 M6 112 22 164 208 107 140 1,333
1953 167 127 10t 6l 1S 720 62 107 - 237 74 110 1,204
1954 137 176 101 - 99 158 . 129 174 28 193 206 7 88 1496
1955 124 143 80 119 122 102 218 67 81 74 78 120 1,336
1956 262 144 125 116 113 83 87 8 I8 119 33 141 n501
1957 177 97 122 140 55 118 237 335 270 114 53 94 1,811
1958 104 228 193 60 © 8 130 6% 145 165 188 159 161 1,686
1959 nz 1 8 169 .71 56 35 121 157 70 76 102 1,240
1960 93 141 126 78 74 64 40 217 77 145 168 . 98 1319
1961 130 191 185 93 47 - 19 50 32 401 243 250 163 1,844
1962 97 147 153 95 143 73120 53 i1 127 9 76 1,348
1963 322 0194 200 . 31 30 26 55 72247 118 152 73 1,579
1964 78 132 95 138 5. M4 72104 131 125 49 101 1152
1965 78 .74 105 IS0 107 56 130 151 174 97 120 238 1479
1966- 231 357 133 68 69 172 36 113 136 167 - 69 - 149 1,699
1967 183 190 124 74 57103 68 88 228 123 138 113 1,487
1968 (133 .48 128 6% 20 61 58 - 40 136 119 80 177 LO7D
1969 214 232 176 153 62 156 71 - 93 95 - 83 124 44 1,504
1970 158 142 135 42 109 185 74 113 86 90 33 213 1,382
1971 237 188 192 161 ii6 134 108 99 118 86 56 60 1,553
1972 159 280 150 - S0 25 18 116 288 176 133 97 119 1,774
1973 212 124 109 95 116 171 121 283 153 70 9% 156 1,706
1974 27 176 113 1 39 126 99 57 108 95 82 107 1,268
1975 106 132 . 146 22 8T - 85 52 153 256 167 145 224 1576
1976 2060 .71 174 42 205 1 144 139 82 137 105 225 1,631
1977 300 152 153 77 42 45 0 48 71 209 194 74 1,633
1978 172 93 142 1 34 82 122 5t 19 116 113 213 1,256
1979 40 128 54131 02 43 77 69 128 297 142 185 - 1,495
1980 157 91 214 64 88 82 193 196 154 180 95 308 1,820
1981 165 75 84 101 27 55 91 61 107 93 .79 160 1,102
1982 55 318 120 25 84 152 8 127 36 219 258 128 1,617
1983 229 234 112 156 277 159 599 124 175 97 162 256 2,578
1984 179 141 123 97 103 158 131 323 129 124 168 104 1,780°
1985 91 261 118 . 122 58 22 97 . 41 90 98 10! 30 1,128
1986 153 169 68 104 115 28 53 80 114 G157 - 216 203 1,460
1987 236 - 199 45 114 233 106 115 11t 60 242 51 97 1,609
1988 167 133 57 161 182 90 9 9 112 118 64 93 1,194
1989 257 132 116 130 149 2% 114 20020 0 77T B 92 . 1,512
1990 342 219 176 137 142 {83 204 136 161 0 231 - 174 W3 2207
Mean 169 164 129 90 99 97 169 119 142 - 148 107 136 1,508
Max 342 357 228 169 277 185 599 335 401 . 299 258 308 2578
Min. 40 48 45 1 20 4 9 4 26 70 7 30 1,070
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Table II1.4.3 . Monthiy Discharges at Damsite

Year . .

- - o Annual
Monthly Mean Discharges (cms) : : ' Runoff

Jan. . Feb. - Mar. - Apt.. ~ May - Jun Jul. “Aug.  Sept. Oct. Nov. Dec.’ Mean (mm)

1941
1942
1943

1944
1945
1946
1947
1948 -

1949

1950 .

1951
1952
1953
1954
1935
1956
1957

1958

1959

1960

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

1972
1973

1974
1975
1976

1977
. 1978

1979
1980
1981
1982

1983

1584
1985

1986 .

1987
1988
1989
1990

832 1399 1287 435 813 1i58 503 1639 909 953 1379 773 1004 566
384 1257 864 918 727 24 640 703 677 588 265 3435 670 378
303 514 227 17.9 550 1854 1156 2919 1380 89.0 651 366 918 - Si8
1094 412 1005 ° 318 186 214 220 - 168 264 278 496 163 402 227

90 621 287 231 185 165 306 217 554 629 189 286 304 172
80.2 2124 1602 583 S7.1 1372 1830 1154 677 1040 523 625 1070 603
583 1319 796 267 315 522 615 954 2442 2141 947 824 974 549

667 1226 1149 94.5 2348 . 575 1143 2949 567 527 677 230 108.7 613

333 ‘16.8_ B1 672 S 301 875 0 365 814 1008 617 281 279 508 287
93.7  795- 110.0 329 415 342 308 1068 716 2089 430 616 765 431

1229 2301 1341 400 222 205 348 149 157 1881 837 489 789 445
642 480 220 178 1L8 © 577 854 326 1462 1900 1460 504 726 409
- 69.1 1020 553 269 . 229 ' 183 236 229 677 1363 1774 768 662 374
©69.8 629 1124 730 1719 1545 2302 647 1774 3983 582 259 1340 756

298 483 528 681 1246 1026 2570 1096 1371 503 421 729 917 517
133.1 . 1426 543 1090 1238 558 - 512 87.8 2284 1317 630 534 1025 578
574 551 714 759 704 511 (21401 5924 4468 1796 853 469 163.1 939
41.8 656 2123 513 321 864  49.0 1171 2144 1619 1413 1178 1078 608
60.9 1065 - 485 842 738 389 277 566 1732 578 258 297 643 365
288 776 765 637 307 264 150 1516 970 1355 163.7 848 792 447
68.5 1204 1562 763 352 464 495 220 3668 13314 3750 1583 1504 848
704 - 664 8435 373 915 545 756 409 1488 1037 835 487 755 426
1378 2463 2236 762 355 205 245 294 1681 2921 2111 738 1274 718
370 589 389 569 810 443 498 765 1134 906 411 4Ll 608 343
342 © 236 515 493 1432 530 1315 1720 . 2051 1404 1212 1820 1096 618
1524 5509 1765 859 656 1190 713 684 1877 1449 905 1349 1511 852
97.6 1961 1255 552 403 679 645 736 2015 1168 1059 1088 1037 585
429 211 -237 209 110 159 250 109 630 532 881 794 379 214
158.2 2202 1241 2452 474 1402 1009 477 588 446 915 357 1084 611
740 659 676 422 518 1300 1229 845 1017 792 363 1123 - 809 456
2447 15935 2414 1823 1607 2075 1751 829 1004 946 275 178 1412 796
45.1 2310 - 944 652 267 950 786 3372 2658 1848 1293 1122 1383 - 780
121.0 1296 704 617 1072 1674 199.5 3390 2712 987 768 594 1418 800
1284 1413 1533 444 346 522 . 81,8 411 1190 523 654 288 7RI 441
644 487 1323 447 492 639 429 1393 3582 300.0 955 2947 1368 772
183.6 676 1339 473 130.1 1893 - 843 2198 1187 848 682 1939 1273 718
2910 2624 1296 908 473 305 383 2735 - 939 2971 2193 8l 1542 869
840 633 854 255 175 219 524 41 4 1123 696 872 1185 650 366
536 308 415 506 1717 656 651 720 875 3762 1844 1699 1149 648
16093 549 1978 640 670 587 1716 3356 2704 1609 1341 3347 1642 926
1866 1173 49.0 43.F 334 331 460 359 - 744 729 643 1023 713 402

458 2027 1053 573 434 938 1317 1045 613 1779 3794 149.0 1285 725

2034 1973 2505 1407 362.1. 3610 10580 3849 2309 1422 1330 191.0 3064 1,728
1178 804 1128 927 1175 2196 1895 5432 1698 1922 1915 1060 1784 1,006
61.9 2385 1038 1187 624 360 634 298 513 544 964 163 764 431
236 889 527 446 - 328 509 300 434 744 1340 2069 2099 825 465
248.6 2077 609 59.3 2494 1354. 1196 1472 890 2744 724 510 1430 806
61.7 . 820 ..73.0 785 2392 1353 622 334 343 860 415 291 833 473
18,7 1787 1027 1157 2125 445 606 680 2694 899 522 493 1183 667
367.3 207.8 1424 1548 1011 3629 2434 1818 2141 3534 2634 923 2236 1,261

Mean

Min, _

99.5 1257 1023 685 838 -90.2 1081 1318 147 146.0 108.1 28.8 108.2 610
80 168 220 178 103 159 150 109 157 278 189 163 304 172
367.3 5309 2505 2452 3621 362.9 10580 5924 4468 3983 3794 3347 3064 1,728
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Table II5.1  Annual Maximum Basin Mean Rainfall at the Damsite

2 days -

1 dav 3 dayvs , 4 davs
Rainfall ‘Rainfall " Rainfall - Rainfall
Amount " Amount - © Amount _ Amount
Year Date (mm) . Date (mm)  Date . (mm)  Date (mum)
1946 Dec. © 11 58 Aug. 28-29 T2 Aug. 27-29 90  Awg - 26-29 93
1947 Oct. 25 46 . Oct.  24-25 . 69 Oct.. 23-25 72  :Oct. 23-26 74
1948 May = 17 98 May 16-17 126 May 16 - 8. 130 May 16.-19 150
1949 ‘Dec. 28 47 Dec. 28-29 83 Dec. -27-29 90  Dec. 27-30 95
1950 Aug. 13 48 Mar. 2- 3 79  Mar. 1- 3 110 Mar. 1- 4 122
1951 Oct. 18 61  Oct. 18-19 77 Oct. 17-19 o4 Oct. . 15-18 109
1952 Jan. 23 49 Jan.  23-24 81 Jan. 13 -25 99 Jan. 23 -26 103
1953 .Oct. 31 51 Oct. . 30-31 . 56 Qct. 29-31 90 Oct. ~ 28 -31 104
1954 “Oct. 21 87 Oct.: 21-22 108 Oct. 19-21 111 - Oct.  18-21 111
1955 May I8 47 May 18-19. 88 May 17-19 100  May 16-19. 105
1956 Dec. & 47 . Dec 5- 6 49 Jan.  17-19 55 . Jan. 17-20 66
1957 Aug. 18 S8 Aug. 17-18 113 Aug. 17 -19 132 Aug. 16 =19 140
1958 Mar. 14 57 Mar.. 14-15. 77 Mar. - 14 - 16 113 Mar. 14 17 124
1959 Apr. 26 53 Apr. 25-26° 54 Aug.31-Sep.2 62  Aug.30-8¢p.2 81
1960 Aug. 18 46 ‘Aug. 17 - 18 61 Jul.31-Aug.2 72 Hal31-Aug3 ‘86
1961 Sep. 11 - 64 Sep.. H1-12 98 Sep. 10-12 122 . Sep. . (9-12. 156
1962 May 21 42 May = 20 -21 - 66 May 20-322 82 May 19-22 83
1963 Nov, 10 51 .. Sep. 26-27 96 Sep. . 26-28 133 Sep. 25-28 158
1964 - Oct. 26 . 35 Feb. 1- 2 43 Jan.31-Feb.2 49 Jan.31:Feb3 . - 51
1965 Aug. 20 40 Aug. 19-20 68 Aug. 18 -20 88 Aug. 17-20 96
1966 Feb. .9 62 Feb. 9-10 71 Feb. 15-17 83  Feb. 9-12 126
1967 Dec. . 3 28 Sep. 20-21 44  .Sep. 19-2F 59 - Sep. 18-21 79
1968 Dec. 24 48  Dec. 23-24 80 Dec.  23:25 107 Dec. . 22-25 131
1969 Mar. 20 44 Feb. 18-19 75 Feb. 17-19 98 Feb. 16-19 130
1970 Aug. 23 k1] Jun, 6- 7 54 Jun, 5- 7 58 Jun, 4- 7 59 .
1971 Jul. 4 49 . 3. 4 64 Jul. 2- 478l 2- 5 87
1972 Aug. 26 69 Aug.  25.26 118 Aug, 25 -27 135 ‘Aug. . 25 - 28 166
1973 . 22 59 . 21-22 87 Jun. 23-25 105 jun. 22 -25 107
1974 Jan. 9 a4 Jan., 8- 9 70 Jan. $-10 & Jan, g-11. 85
1975 Oct, 2 58 Sep.  11-12 79 Sep. 10-12 84 Sep. 9-12 91
1976 Jan. 13 49 Jan. 12-13 - 70 Jan,  11-13 93 Jan. 10 -13 - 105
1977 Aug. 17 73 Aug. 16 - 17 13 Aug . 16 -'18 161 Aug. 15-18 164
1978 Dec. 26 107 Dec. 25-26 124 Dec. 25-27 125 Dee. 25 -28 125
1979 May 9 93 May 8- 9 101 May 7- 9 110 May ~ 7-18 112
1980 Jul. 30 83 Dec. 20-21 140 Dec. 19 -21 151 Dec.  19-22 160 =
1981 Dec. 22 58 Dec. 21-22 79 Dec. 2123 98 Dec. 21-24. 997
1982 Nov. 5 50 Nov. 5- 6 79 Nev.  4:- 6 94 Nov. 3- 6 108
1983 Sep. 23 80 Jul. 7- 8 121 Jul. 6- 8 173 Jul: 7-10 216
1984 Ang. 6 98 Aug, 6- 7 1715 Awg. - 5. 7 216 Aug. 5. 8 226
1985 Feb. 12 42 Feb, 12-13 67 Feb. ~ 12-14 108 Feb. 12 - 15 121
1986 Nov. 6 59 Nov. 5- 6 69 Nov. 4- 6 108 Nov. i- 6 121
1987 fan, 14 56 Jan.  13-14 80 Jan.  12-14 89 Jan. i1l - 14 115
1988 Apr. 13 40 Sep. 21-22 53 Sep. . 20-22 54 Sep. 20-23 56
1989 Sep. 12 527 May 4. 5 82 May = 4- 6 99 May 3- 6 108
1990 Feb, 13 47 Feb. 12-13 78 - Jul. © 18-20 108 . 18-21 130
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TabeIIL5.2  Probable Basin Mean Rainfall at the Damsit

(unit : mm)
~ Return Pertod Duration

(vear) 1 days 2 days 3 days 4 days
2 . 55 80 100 110
5 75 145 130 145
10 35 125 150 170
20 95 140 170 190
50 110 - 165 195 220
100 120 180 215 245
200 130 195 235 265
500 145 - 220 260 295
1000 155 235 280 315

10000 190 290 345 390
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Sampling Location : Suspension Bridge at Lontras

Table I1L.6.1 River Water Sediment Concentration Survey Record

Flow Disch. -~ Daily Sediment

Sampling .
No. Date Sediment Concentration (mg/lit} at Bridge  Yield, _Eslimaled
(1993} Left ‘Center Right Averape - . . (ems) - (ton/day)
I Junels <120 <130 <120 <120 84 .
2 Junelé " . " <120 8 .
3 Jwel? . " <120 82 .
4 Junels 120 " " <120 90 .
5 June2l <120 " " <120 84 .
6  June22 . " " <120 83 -
? June 23 " " " <120 . 79 .
B June24 " v - <120 8 .
9 June2S . " " <120 26 .
10 Juwne2s " " " <120 n .
1 Juyld 120 600 120 280, 192 5568
12 Julyis 360 120 120 200 164 3396
13 Juyle <t <120 240 <160 140 .
14 July 19 720 600 480 600 271 16884
15 July20 120 480 120 320 217 7188
16 luly2l 120 240 120 160 181 3000
17 July: 120 240 120 160 148 2460
18 hly2d <120 240 <120 <160 19 .
19 July26 <120 25) 120 (105 <120 (1000) <120 (377) 99 . (388)
20 liy27 <120 (51.0) 120 (65) <120 (25) <120 (20.0) 9 - 19
20 July28  <120. (19.0) 240 (L5) <120 (40) <160 (14.8) 91 . (4
2 Juiy29 <120 (245) 120 (365 <120 (80) <120 (33.0) 110 - G8)
23 July30 360 (52.5) 360 (50.0) 720 (495) 480 (50.7) 208 10344 (1091)
M Aug 02 <120 (1L0) 120 (25 <120 (3§ <120 (S7) - 116 - (68)
35 Awp 03 <120 (1L0) <120 (20) <120 (10) <20 (13) 109 - (%)
Average (Nos. 19-25)  (23.3) 118 (325)
Remarks:

1) Residual Solid Measurement Method:

2) Imhoff cone measures volume of sediment. The volume was converted to weight as shown in this table

Imhoff Cone Method (NBR 10561)
{  ):Eilter Method (NDR 10664)

applying the assumed unit weight of 1.2 kg/hit.
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Table I11.6.2 Monthly Sediment Discharge at Rio do Sul

{unit : thousand lon)‘

Year Month _ Total
) Jan. Feb. Mar. -~ Apr.  May  Jun. Jul.  Aumg.  Sept.  Oct.  Nov. Dec.

1941 72 156 167 22 69 125 28 317 98 98 217 59 1428
1942 18 165 103 89 56 65 45 53 47 39 08 16 704
1943 14 29 07 04 77 297 209 1018 160 76 51 L7 1959
1944 132 18 133 14 05 07 07 06 L0 L1 33 04 380
1945 02 -55 L1 10 02 04 16 06 32 51 05 13 207
1946 77 346 238 40 40 239 282 276 51 133 29 50 1801
1947 39 159 66 09 12 35 51 97 502 422 96 72 1560
1948 51 135 128 104 784 34 184 958 32 34 48 0.7 2499
1949 17 04 20 78 12 98 L6 TS 102 39 10 12 475
1950 98 . 58 166 13 29 L4 14 173 58 621 20 44 1308
1951 138 417 178 18 06 06 18 02 04 439 67 26 1320
1952 61 26 07 05 04 50 95 13 249 383 217 29 1139
1953 49 1.1 35 0% 08 05 10 12 57 251 384 66 997
1954 61 59 143 68 351 237 429 43 282 1742 38 09 3462
1955 L1 247 -39 50 313 123 664 114 234 29 22 76 1699
1956 246 182 34 116 164 34 29 78 542 155 45 38 1663
1957 38 33 62 88 54 36 497 2707 1358 375 67 . 24 5339
1958 22 58 (541 29 14 96 30 180 408 267 207 124 1976
1959 40 106 27 IL1 65 18 09 41 275 36 08 12 748
1960 14 65 74 67 14 12 03 266 119 233 244 73 1184
1961 52° 126 314 63 18 27 30 06 1233 885 1520 241 4515
1962 50 45 19 L6 167 32 65 20 369 %7 73 30 1044
1963 297 618 498 62 L5 05 10 L2 763 646 441 55 3422
1964 16 36 18 - 38 . 91 23. 30 65 I1L7 82 20 20 556
1965 15, 08 32 30 226 30 178 475 372 200 159 288 2014
1966 - 196 2232 284 69 45 174 57 74 352 188 84 176 391
1967 94 296 161 34 19 49 45 96 336 131 122 132 I5LS
1968, - 21 ~ 06 08 06 02 05 12 02 74 43 93 144 416
1969 285 506 156 687 25 219 109 33 35 22 87 15 2179
1970 - 65 44 57 22 36 166. 200 91 106 69 1.6 166 1039
1971 550 199 . 474 317 279 543 408 69 102 94 09 04 3048
1972 - 30 599 B8 45 09 140 69 1399 509 324 142 137 3491
1973 150 138 52 44 144 369 529 1079 520 91 59 38 3213
1974 160 195 196 21 14 31 109 22 168 39 51 L1 1017
1975 48 30 159 23 35 . 42 21 231 939 869 94 643 3134
1976 314 46 168 24 268 319 85 444 146 7.8 48 368 2308
1977 707 543 149 . 85 25 11 21 896 80 700 412 7.0 3699
1978 75 40 82 08 04 07 49 22 139 72 77 245 820
1979° 44 12 24 32 338 47 46 69 80 965 280 251 2188
1980 113 31 361 48 47 45 332 907 577 230 173 943 3812
1981 334 il4 27 26 13 14 32 17 63 57 46 136 879
1982 27 330 112 43 30 105 174 109 40 304 993 199 2466
1983 382 301 599 186 979 883 7138 1425 562 (82 158 313 13108
1984 122 66 128 B0 140 532 300 2658 2901 373 313 110 5113
1985 43 482 108 146 42 14 52 L1 30 35 136 04 1103
1986 09 82 33 25 26 40 12 32 75 228 475 361 1398
1987 590 303 39 41  6L5 183 126 188 71 649 50 32 2887
1988 44 64 67 77 458 164 40 13 124 85 19 L1 1i66
1989 347 270 161 141 516 21 52 0 53 649 78 29 29 2286
1996 939 372 171 208 166 1043 585 318 362 103.0 519 83 5796
Mean 146 207 138 72 137 136 271 345 278 286 170 121 23038
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