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1. INTRODUCTION
The geological investigation i'n_' the present study consists core boring, in-situ

perﬁleability test, laboratory rock test and geological mapping of the project area. Their
work quantities are as follows:

1) Geological Mapping © 1 2arcas
2) Field Investigation
- Core boring - : 10 holes
- In-situ permeability test - : 14 points
'3) Laboratory rock test : 23 samples

The works 2) and 3) were entrusted to the local expert firm (SPT Sondagens). The
works were carried out from June to August 1993,

Previous investigations carried out by Canambra E. C. (1969) and by JICA (1990)
concentrated on the axis B of the damsite and upstream site of powerhouse. The present
‘investigation were executed mainly on the dam axis C and downstream alternative site for
powerhouse. Because, the dam axis C was recommended in the previous Hydro Inventory
Study - 1991 and the downstream powerhouse site was considered attractive on the
topographic point of view. :

2. GEOLOGICAL MAPPING

2.1 Geological Maps and Sections

Surface geology of the project area, especially of the dam area and powerhouse
area, was investigated by a geologist of JICA team. The results were indicated on the
maps prepared in the present study. Fig. I1.2.1 shows the overall geological map of the
project area and Fig. 11.2.2 shows the geological section between dam site (axis B) and

powerhouse along headrace tunnel. : '

Detailed geological maps and geological sections of damsites and powerhouse site
(proposed upstream’ site) are shown in Figs. 11,2.3 to 11.2.6. Geological section of
alternative penstock route and alternative powerhouse site (downstream site) is shown in
Fig. 11.2.7.

2.2 Geological inferpretation

As shown on Fig. I1.1, the dam and most part of headrace tunnel are situated in the
gramtc body which is called Sublda Series. This is normally classified as an intrusive rock
with 70 km?2 of area, which is in a discordant contact with the surrounding volcanic and
sedimentary rocks of Itajaf Group. In some places, the relationship between these two
units is dubious, It can be supposed in principle that the granite is actually intrusive, but



the amlysas of SpBCIﬁC places shows the granite being cut by other hthologxes of effusive
sequence

Generally, the Subida granite s composed of leucogranites, with a reddish-brown
colour, with hypxdlomorphlc granular texture, medium to coarse grain size, isotropic and
homogeneous. The essential composition contains alkali-potassium feldspars (mainly
orthoclase), quartz and iron-magnesium silicate, with high sodium proportion (sodium
amphiboles and pyroxenes). The micaceous minerals are also iackmg The age is about
530 and 550 million years.

The noftheast part of the project area including surgé tank and .p{.)werhous‘e site
~show volcanic lithdlogies from Campo Alegre Formatlon In this reglon were found two
kinds of i 1gneous rocks: -

- Ac1d m1crocrysta]lme rocks, probably effusive, here c!ass:fied as rhyohtes They
- are felsic, with also the same mmeraloglcal composition of the gramte but with
' 1mpercept1ble crystals by naked eye; :

- Bas:c rocks with fine gram size, classified as diabases. They are essentially

composed ' of ‘pyroxenes and' calcium-alkali feldspars, contammg probably
olivine, sulph:des and garnet. The colour is dark grey.

3. FIELD INVESTIGATION

3.1 Core Boring

Core bOring of 10 holes or 300 m in total length was undertaken. Location of the
holes are shown in Fig. IL.2.1. Length and ground elevation of each hole are tabulated
below

Hole ~ Length _ Ground
No. : (m) .Height (m) : _ Site

B93-] 40 338.37 Dam axis - C. Left abutment
2 25 305.97 Dam axis-C Riverbed
3 40 321.56 - Damaxis-C Right abutment
4 -2 331.31 Dam site Diversion Tunnel
5 45 3200 Surge Tank  Downstream alternative
6 40 193,78 Penstock Downstream alternative
7 20 119,69 Powerthouse  Downsiream altemnative
8-1 25 360.0 Quarry - A :
8-2 20 3840 Quarry - B
g-3 25 ' 306.0 Quarry - B

Totat 10 300 '
holes

-2



Drill logs of the holes are shown in Fig. I1.3.1, In classification of rock grade, the
two standards were referred: (1) Japanese rock classification standard as shown in Table
11.3.1 and (2) Brazilian rock classification index as shown in Table 11.3.2.

32 En-<situ Permeability_'l‘est

'_I‘hé field permeability tests on rock layer were execu_ted.insi.de the holes drilled for
core boring with numbers of 931 to 93-5. The test was made in a section of 5 m length at
the selected depth. In cach test section, the quantity of injected water was counted at 10 -

minute 1ntervals

_ From the data obtamed dunng the tests, the P Q gmphs are prepared as shown in
Fig. I1.3. 2. The Lugeon value (lit/min/m at 10 kg/cmz) is obtained from these graphs.

Exceptxonally, in order to check the permeability of overburden soil, water leakage
test without pressurization was executed at the right bank of damsite (Hole No. 93-3) at

the depth between 0 to 5 m.

The following table shows the results of in-situ permeability tests.

Location | Hole De;ﬁth, Rock Lugeon Value

. - No. (m) Type *1
Dam site C, Left Abutment B93-1 25-30 Gr 52
Do B23-1 30-35 Gr 4
Do B93-1 35-40 Gr 1
Dam site C, River bed B93-2 10-15 Gr 22
Do B93-2 15-20 Gr 0.8
Do ' B93-2 20-25 Gr 4.5
Dam site C, Right Abutment ~ B93-3  00-05 Ds k=3.1"%cm/s *2
Do | B93-3 20-25 Gr 0.5
Do N B93-3 25-30 Gr 0.2
Do B93-3  30-35 Gr 0.1
Do B93-3 35-40 Gr 5
Dam site C, Diversion B934 = 1520 Gr 0.5
Surge Tank _ B93-S ° 30-35 Ry 0.4
- Do ' B93-5 35-40 Ry 3
Notes: *1 Gr = Granite, Ds=Soil, Ry =Rhyolite
*2 k = Pcrmeabxhty coefficient



4. LABORATORY ROCK TEST

In order to examine the engineering properties of rocks at dam foundation and
tunnel and rocks for concrete aggregate, the laboratory rock tests were carried out on
samples taken from drilled cores and outcrops in the existing quarry and in the existing
tunnel. The sampling in the existing tunnel of abandoned railway near the quarry A was
made aiming to represent rock of the headrace tunnel which passes in the similar granite
mass. Locations of sampling are listed below:

Sample Rock Sampling Depth Type of Sample  Nos. of
No. Type Location {m) Piece
Dam & Waterway
Dam - 1 Granite B93-1 38.3 Boring core ]
-2 -Do- B93-1 38.6 -Do- 1
-3 -Do- B93-1 39.0 «Do- 1
-4 -Do- B93-] 39.3 -Do- 1
-5 - Do - B93-2 223 -Do- 1
-6 -Do - B93-2 240 -Po- 1
-7 -Do- B93-3 25.0 -Do- 1
-8 -Do- B93-3 30.0 -Do- 1
-9 -Do- B93-3 33.0 -Do- 1
-10 -Do- B93-3 35.0 -Do - 1
Tunnel -1 -Do- Existing Tunnel Angular Blocks 2
-2 -Do- -Do- Angular Blocks 2
-3 -Do- -bo- Angular Blocks 2
-4 Rhyolite B93-6 28.3 Boring core i
-5 -Do- B93-6 29.5 -Do- 1
-6 - Do~ B93-6 310 -Do- |
-7 -Do- B93-5 25.0 -Do - 1
-8 -Do- B93-5 270 -Do- 1
-9 -Do- B93-5 28.0 -Do- i
- 10 -Do- B93-5 30.0 -Do- 1
Concrete
Aggregate Quarry
Quarry - 1 Granite Existing quarry * Angular Blocks 2
Quarry - 2 -Do- -Do - Angular Blocks 2
Quarry - 3 -Do- -Do - Angular Blocks 2
Total: 23

*: Upstream portal of the existing tunnel near quarry-A.

The rock pieces sampled were tested at the laboratory in Sfio Paulo on the
following test items.

Test Item Test Specification (ASTM)

1) Specific gravity C-29-76

2) Water absorption C-29-76

3) Void ratio C-29-76

4} Dynamic elastic modulus D-2845-89

(Velocity of super sonic wave)

5) Unconfined compressive strength C-109-70

6) Los Angeles abrasion test C-241-51

7} Potential alkali reactivity C-289-81

(Chemical Method)



The test item 7) was applied only to 3 test samples for concrete aggregate. The
other test items were applied to all test samples.

The test results are sumarized in Table IL4.1. The results of the potential atkali
reactivity test is shown in Fig. IL4.1.

Characteristic engineering properties revealed by these tests are as follows:

- As to granite in dam site, dynamic elastic modulus is 65 GPa on an average,
unconfined compressive strength ranges from 210 MPa to 140 MPa (average
170 MPa). These figures present that the rock is excellent.

- Granite in relation to headrace tunnel also has very good condition; dyriamic
elastlc modulus and unconfined compressive strength, res;)ectwely 62.7 GPa
and 150 MPa on an average.

- As'to thyolite in relation to penstock tunnel, dynamic elastic modulus shows
neaily equal value 68~70 GPa, average 69 GPa. However there is a large
difference in unconfined compressive strength: minimum 73 MPa, maximum
240 MPa and average 170 MPa.

- Granite in quarry site has a sufficient strength; unconfined compressive
strength 150 MPa. However the rate of abrasion loss is relatively large; 32%
in index of Los Angeles Abrasion. Reaction to alkali aggression is low and
quite innocuous. -
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Table I1.3.1 Brazilian Rock Classification

[{ardness Alteration Fractureness Fractures
Orientation Conditions
Very Solid Otol o°
HI1 Hard Al Rock F1 no H Horizontal 81 Rough
Fissured
Hard Little 2105 0° to 20°
H2 A2 Altered F2 Little .SH Sub s2 Litile
Fissured Horizontal Rough
Moderately Modcrately 6o 10 20°t0 70°
H3 Hard Al Altered F3 Moderately H Inciined S3 Smooth
Fissured
Soft Very Itte20 70° 10 90°
H4 A4 Alterad F4 Very sV Sub 84 Granular
Fissured Vertical Filling
Very 20 ) .
HS Soft AS Saprolite F5 Extremely A% Yertical S5 Clayey
Fissured Filling
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