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Abbreviations of Measurement

Exchange Rate _
Official rate as of December 1992

Length Time
mm : milimeter " sorsec second
cm :  Centimeter min minute
m :  meter hr hour
km : kilomeier yT year
Area Electricity :
cm? : square centimeter Hz Hertz
m? ¢ square meter kv Kilovolt
ha : hectare MVA Megavolt Ampere
km? : square kilometer kVA Kilovoll Amperc
MW Megawalt
Yolume _ o kW Kilowatt
cm? 1 cubic centimeter MWy Megawait year
1 ¢ liter GHh Gigawatt hour
M3 :  cubic meter MWh Megawatt honr
MCM :  million cubic meter kWh kilowatt hour
v Vol
Weight W Wali
g 1 gram
kb : kilogram Others
ton 1 metric ton % percent
‘C degree centigrade
Derived Measure 103 thousand :
mfsec cubic meter per second 106 million
10° billion
Money .
Crs : Crzeiro
USs] US dollar
¥ :  apanese Yen

USS 1 = CrS$ 11,163.33 =¥ 120

Others

GDP Gross Domestic Product _
GRDP Gross Regional Domestic Product
GvVaA : Gross Value Added

VA : Value Added

PV :  Production Value

Previous Studies

Power Study - 1969

Itajai F/C Study - 1977

Lower Itajai F/C Swdy - 1990

Hydro Inventory Study - 1991

Power Swudy of South Brazil, Aug. 1969 - UNDP/Canambra

Master Pla.n on the imjéi River Basin Flood Control Project,
Jan, 1988 - JICA

Feastbility Study 'on the Flood Control Project in the Lower
Itajai River Basin, Mar. 1990 - JICA

Master Plan and Pre-feasibility Study on the ltajai River Basin
Hydroelectric Power Potential inventory project, Oct. 1991 -
JICA
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1. INTRODUCTION -

: The _Salto Pildo project was once studied in 1990 and 1991 by JICA as one of 16
hydropower schcmeé in the Itajai river basin for the master planning and pre-feasibility
study. At that time, topographlc map at a scale of 1/10,000 with contour interval of 5 m
was prcpared which covers the area between the city of Rio do Sul and the. village of
Subida.

The present study for feasibility analysis needed more accurate maps especially for
dam and powerhouse areas as well as for overall project area. For this purpose,
-photogfamme{ric mapping was included in the prese'm investigation to prepare a 1/5,000
‘map of the area between dam site and powerhouse site and two 1/2,000 maps each for the
dam a;éa and powcrh'ousﬁ area.

In addition, river water level observation with temporary ganges at the dam and
powerhouse sites and survey of river cross sections in the vicinity of both sites were
included in the present works. These observation and survey aimed at providing data for
establishing the water level and discharge relationships at both sites.

The éurvey work items and qulantitics are as follows:

. Photogrammetric mapping (1/2,000) : 2.19 sgkm
. Photogrammetric mapping (1/5,00) : 63.00 sqkm
. Setting up water level gauge : 2 points

. Observation of water level gauge: : 2.5 months
. River cross section survey : 3 sites

" These works were entrusted to a local survey firm (BASE Aerofotogrametria e
Projetos S.A) and carried out from May to Auglm 1993 under the supervision of JICA
team's survey expert.

2. EXISTING DATA FOR MAPPING

2.1 National Ground Contro! Points

The first class national ground control points (triangulation points) in the whole of
Brazil have'hecn cs'labliéhcd by Instituto'Brasil'eiro de Geografia e Estatistica (IBGE). In
the Santa Catarina region, national ground control points connected by the chain network
exist along the coast side. The nearest ground control point for the project area is located in
Blumenau city; point No. V-109.



2.2  Ground Contro! Points by Previous Study

Several local ground control points established in the Hydro Inventory Study - 1991
were available in the Itajai river basin. For Salto Pildo project ground control survey at that
time was carried out by traverse survey about 100 km between Satto Pildo and Blumenau
city with an accuracy of 1/35,000. The ground control point available for the project is VB-
05 located near Ibirama,

2.3 National Bench Marks

The grade of leveling survey is classified by Instituto Brasileiro de Geografia e
Estatfstica (IBGE). The required accuracy of the leveling is 2 mm x s km in the first
class, 4 mm x s km in the second class and 6 mm x +/s km in the third class. National
bench marks are set along national roads and other main roads. In the project area, national
bench marks in the first class are located along the highway BR 470. Those are RN 1402-
C, RN 1402-B, RN 1408-P, RN 1408-N, RN 1406-M and RN 1401-V.

2.4 Bench Marks by Previous'Study

A local bench mark (RN-06) established in the Hydro Inventory Study - 1991 is
available on the left bank abutment of the old bridge accessing to Subida village. The bench
mark of RN-06 was tied with a national bench mark established by IBGE. The accuracy of
RN-06 was 8 mm x Vs km.

2.5 Aerial Photographs

The aerial photographs at a scale of 1/30,000 1aken in the previous Hydro Inventory
Study - 1991 are available, which cover the whole project area and river course up to Rio
do Sul.

3. PHOTOGRAMMETRIC MAPPING

3.1 Aerial Photographing

For making two maps at the scale of 1/2,000 each for dam area and powerhounse
area, the aerial photographs were taken in May 1993 by flying above both areas. The scale
of the photographs was 1/10,000. Flying course for each area was one line, and 6 and 7
photographs were taken respectively for dam and powerhouse areas. The used camera was



WILD RC-10 with wide angle lens, foral length of 151.72 mm and frame size of 23 con x
23 cm. Fig. 1.3.1 shows the flying route and photographing points.

For making the 1/5,000 scale maps to cover whole project arca, the existing
photographs of 1/30,000 scale were utilized. However, more accurate photographs were
needed to support photogrammetric restitution and field classification in the project area.
For this purpose, acrial photographs of 1/20,000 scale were additionally taken in May
1993. Flying routes and photographing points are shown in Fig. 1.3.2.

3.2 Control Surveys

3.2.1 Ground Control Survey

Ground control survey for mapping was carried out on the field by the traverse and
GPS methods. This control survey was tied with the existing traverse points VB-05 and
RN-06.

"The ground control points in the mapping area; 10 points in total, were surveyed, of
which 4 points (HV-01 to HV-4)} were located in the powerhouse site, and 6 points (HV-5
to HV-10) in the dam area. In addition, positions of 8 drilling holes (B930! - B9308)

planned for geological investigation were surveyed. The results are shown below.

POINT COORDINATES ELEVATION
NUMBERS {m)
LATITUDE LONGITUDE NORTH EAST
) Wi {m) (m)

VB 05 27°04'14".86793 49°29'44".35671 1.004,821.649 649,170,979 311.88
RN 06 27°05°55".9741 45°27'40" . 7699 7,001,669.098 652,537.536 122.372
RN 20 27°07'55",3266 49030'59"_9]90 6,998,062.154 647,009.348 309.064
HY 01 27°05'47,2110  49°28'03".5160 7.001,946.419 651,914,358 167.668
Hv 02 27006"07".1501  49°28'23".3124 7.001.33%9.455 651,361.672 445.591
HV 03 27°05'47".7904  49°2727".1947 7.001.916.360 652,914.506 116.789
HV 4 27°"06'19".8630  49°27'52".0820 7.000,937.760 652,217.004 362.334
HY 05 27°08'13".3767 49°31°09".8231 6,997,509.913 646,730.109 329,951
HV 06 27°08°10".2725 49°30'32" 8579 6.997,593.399 647,748,962 348.173
HY 07 37°07'43",2556  49°31'14" 2240  6,998.438.262 646,619.863 346.141
HV 08 27°07'43".0057 49°30°37".1427 6.998.433.889 647,640,943 332.892
HY 09 27°07°'19".3130 49°31'16".8955 6,999,175.918 646,554,977 342.063
HY 10 27°07°18".0701 49°30'34" 6442 6.999,200.419 647,718.840 358.679




These ground control points were referred in mapping to adjust horizontal distances

and altitudes in the maps.

The followings are main equipment used for the ground conirol survey;

- Electric range finder : WILD D1 3000

- Theodolite

- GPS

3.2.2 Leveling

t WILD T2
: Trimble ST, SE and SK

Four bench marks were newly installed in the area to be mapped. Their locations are

listed below and shown in Fig. 1.3.2.

No.

Location

RN - 20
RN - 21
RN - 22
RN -23

Dam site (left bank of axis C)
Powerhouse site (bridge abutment)
Powerhouse site (highway bridge)
Lontras suspension bridge

The latter three bench marks were installed for river cross sectioning surveys.

Altitude of those bench marks were surveyed by leveling connecting each of the

new bench marks and the national bench marks, using WILD NA2 level.

3.2.3 Planimetric and Altitudinal Datum

The ground control survey and leveling survey for the project areas were made on

the basis of the Brazilian Geodesy System, and the following datum;

SAD-69 (South American Datum - 69)

Aliitudinal datum
Planimetric datum

Ellipsoid

Imbituba, Santa Catarina
Astro Chua
Australian ellipsoid

The map projection method used is the Universal Transverse Mercator System

(UTM) Zone 22.

3.3 Field Classification

Field information such as name of public places, schools, church, cemeteries,

properties and proprietor's names, vegetation, cultivation, roads, approaches and river

names, etc. necessary for the mapping was investigated on the field, referring the aerial

photographs.



3.4  Aerial Triangul'aﬁon'

Reoardmg map at a scale of 1/5 000, aeual triangulation bascd on the ground
control survey was executed by means of the analyncal method. The standard deviation in
observation was 1/20,000 in honzon_tal and 1/3(_),000 in vertical,

The following equipment were used for the aerial triangulation:

‘Point transfer device : PUG-4
Observation -~ : WILD AVIOMAP (AMH)
Computer o : 486 IBM-PC

_ Software _ : PAT-M-PC

Regarding the map at a scale of 1/2,000, aerial triangulation was not needed because
ground control points necessary for the mapping were already set in the field.

3.5 Restitution and Editing |
3.5.1 Mapping (1/5,000)

Based on the aerial photographs (scale; 1/20,000) and the aerial triangulation with
the field classification survey, topographic mapping works at a scale of 1/5,000 with a 2 m
_con’to’ui"imerval and 10 m index contours were carried out by a stereo plotter, WILD A-8.
Topographic features of planimetry and contour mapping were plotted separately on a
polyester base sheet considering difficulties in mapping in a sheet at one process due to
consider_abl'e‘ dense contour lines, and then these were incorporated together, where the
contour lines interval were plotted until minimum (.5 mm on the map.

In particular, spot heights at a 200 m distance interval along the Itajaf river were
observed, the river bed features with spot heights on rapids were also ploited and observed,
and the spot heighfs.in Paraiso camping place located at upstream of the proposed damsite
were observed for the sake of the project plannin L8 '

3.5.2 Mapping (1/2,000)

Based on the aerial photographs (scale; 1/10,000) and the ground control points
with the data on the field classification survey, topographic mapping works at a scale of
172,000 with a 2 m contour mtcrval and 10 m index contours were carried out by a stereo
plotter, WILD A-8. Regarding forest areas where ground altitude i is difficult to analyse by.
the stereo plotter additional cont"umanon surveys were carried out in the field.



In particular, spot heights with a 100 m distance interval along the tajaf river were
observed, and the river bed features with spot heights on rapids were plotted and observed.

3.5.3 Field Editing

Using the field classification data, the restituted maps were corrected in the field.
The field editing survey comprising contour correction, topographic correction, checking
place name and others were carried out in the field. Regarding forest area in the map at the
powerhouse site, 11 ground control points were surveyed by the traverse method. For
topographic correction of pine tree forest area on the left bank of the damsite, 6 ground
control points were surveyed by the traverse method, For topographic correction of the
rock cliff over the proposed powerhouse site, 4 ground control points on the top of the ¢liff
were surveyed. The survey was carried out by method of intersection and resection from
the opposite bank making a base line.

3.5.4 Scribing

The topographic map manuscripts at a scale of 1/5,000 and 1/2,000 were produced
by the scribing.

3.5.5 Sheets Layout

The 1/2,000 scale maps of the dam area and powerhouse area were covered by one
sheet each of which size is AO and A1, respectively.

The 1/5,000 scale maps showing the whole project area were covered by 8 sheets so
that the dam area and powerhouse area can be respectively contained in one sheet. The size
of the sheet of 1/5,000 scale maps is between A1 and AQ. The sheet layout is shown in Fig.
1.3.3.

3.6 Final Products
The following final products were delivered from the contractor;

(1) Aerial photographs, contact print I set (43 sheets)

(2)  Topographic maps

- Maps in Original (polyester base), 1/5,000 1 set (8 sheets)
- Maps in Original (polyester base), 1/2,000 1 set (2 sheets)
- Maps in copy (polyester base), 1/5,000 I set (8 sheets)
- Maps in copy (polyester base), 1/2.000 1 set (2 sheets)



(3) Report

- Desériptidn of ground control points and bench marks 1 set
- Field note and calculation method and

calculation data vsing existing acrial triangulation 1.set
- Index map of ground control points and leveling route 1 set
- Index map of aerial photography 1 set

4. WATER LEVEL OBSERVATION

4.1 Water Level Gauges

Tc'mp(')_rary water level gauges made by wooden pile were installed at the damsite
and powerhouse site. The gauge of the powérhbuse site is located on the foot of bridge pier
close to the highway .BR':470, ai_id the gauge of the damsite is located at river margin on the
left bank of dam axis C Location and setting of water level gauges are shown in Fig. 1.4.1

. (dam site) and Fig. 1.4;2: (po"werhousc si.tc).

4.2 Water Level 0bsérvati0n

Observation of river water level was made at the powerhouse site and dam axis C
from the beginning of June to the end of August 1993 by the survey contractor using the
témporary ganges, The observed water levels arc shown in ANNEX III,
HYDROLOGICAL STUDY.

5. RIVER SECTION SURVEY

1In order to estimate tailwater rating curves at the powerhouse and to estimate
backwater effect of the planned dam, crosg sections of the Itajai river were surveyed at 3
sites; two bridges site in the vicinity of the powerhouse site and Lontras suspension bridge
site located at 4.5 km upstream of the damsite. Location of the survey points is indicated
on maps in Fig. 1.5.1. The cross sections surveyed are shown in Fig. 1.5.2.
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