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JAPAN INTERNATIONAL COOPERATION AGENCY
JI1CA

DETAILED DESIGN STUDY ON THE TRANSBASIN WATER
PROJECT FOR THE CHONE-PORTOVIEJO RIVER BASINS

"REPORT ON GEOLOGICAL-GEOTECHNICAL RESEARCH

1. ANTECEDENTS
1.1 INTRODUCT ION

‘Thée Japan  International Cooperation Agency {(JICA) hired the
‘consulting compahy Hidrosueldos: Cia. Ltda. to -péerform a Geological-
Geotechnical’ Investigation for the detailed design study of the Transbasin
water Project for the Chone-Portoviejo River Basins., -

" The plurpose of the project is to design a transbasin water system
in order to, first, take the waters from the Daule Peripa reservoir to the La
Esperanza Dam, then connect them to the Poza Honda reservoir, and, finailly,
‘connect them to the Mancha Grande River. This is achieved by connecting the
current Daule Peripa reservoir on the Rio Duale through a tunnel on the La
Esperanza Dam, cu"rrent]'y under construction, sequentially connected via open
‘channél from Severino to Cafa Dulce and via tunnel from Cafa Dulce to Poza
Honda. '

The CGeological—-Geotechnical research. performed  included the
. following works:

- ' " Mechanical sounding using a rotary machine for continuous core
recovery, standard penetration tests and "LUGECH" water pressure
tests using "LEFRANC" infiltration, at tunnel portals and at the
Severino intake site,

- Test pitting and manual sounding testswith continuous standard

penetration tests along the opén channel, the transmission line
at the portal and crown of the tunnals at the Poza Honda reservoir,
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Mechanical ' Laboratory Rock Tésts on samples obtained - from
mechanical sounding tests on the sections of interest for the
tunnels.,

'Mechanical Soil Tests on soil samples obtained from test pits,

for the purpose of learning about their c¢haracteristics and
deciding whether they may be utilized as building materials for

“the Open Channel and also to perform the foundation study for the

towers along the Transmission Line,

Geological Mapping along the sections of the Tunnels and the Open
Channel. : :
Sampling and laboratory tests on aggregates utilized in the

preparation of different concrete mixtures and obtaining their
resistances using a compressive strength test on cylinders.

Due to the large amount of information obtained from the
investigtion and for the maximum use of same, this Report has

been structured as follows:

Includes  the results of .the mechanicall sounding and
Laboratory Rock Tests. ’ '

Includes the prospecting results using tests pits and
manual sounding and Soil Mechanics tests.

Results of Geological Mapping..

Results of laboratory tests on concrete aggregates and
resistance tests for the different mixtures prepared

et
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2. CORE 'DRILLING WITH A HYDRAULIC ORIVEN ROTARY. MACHINE FOR

2.1 PURPOSE AND SOOPE OF THE INVESTIGATION

The purpose of the mechamca] sounding tests’ with contmuous core
recovery and penetratwn and watar pressure tests was to obtain re)evant
geotechmca'l mformat'uon on the subsurface conditions at the sﬁes for the
most mportant structures of the Pro;ect

As & resu]t of the mechamca] sounding and field tests design
par’ameters ' have been obtamed starting with the quahty of ‘the soﬂ
(alluvial or oollmna]) of the rock and its geomechanical charaotemsttcs and
its permeabﬂtty, permttmg the design of the foundahons for the Pro]eot s
mfrastructure such as the supports for the intake and exit portals of the
tunne]s, the Pumping Station and the Substation and Loading Tank. '

2.2 HORKS: PERFORMED

- A total of 11 mechanical soundmg tests were performed with their
locations, approved by JICA, ~determined by the 10cat10n5 of the structures
sub;ect to this study, i. e. 3 sounding tests at the Daule Peripa- La
Esperanza tunnel; 2 soundmg tests 4t the La Esperanza-—Poza Honda tunnel;
soundiﬁg tests at the Poza Honda-Mancha Grande tunhel; 1 soundmg test at the
Pumpmg Station; and 1 sounding test at the Loading Tank. - The location of
the sounding tests 1s sho.m in Appendlx No. 4.5, : :

Sounding tests were performed using continuous core dnnmg and
performmg standard penetration tests on the soil and smooth rock, with the
execution of ' LEFRANC water permeability tests on weathered soils or rocks
and with "LUGEON" water permeability tests on sound rock. In addition, at
determined depths, core drilling took place for laboratory tests. All the
works performed followed the reguirements of technical standards and

 speci f1cat10ns

The different formations detected by the sounding teste, and
their geotechnical characterist_ics have been des_cr\'bed in detail and may be
seen in the respective sounding test logs. :
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The depth of the sounding tests as well as the type and number of
samples and field tests are shown in the following table:

HOLE B bl | 'er | ook TEST O%e PROSIUY | PlEoREIR | o0%E
{SITE) () TesT SRl ' TESY BOXES -
0EPTH _ _
LEFRANG . { . LUGEON
c ] (Interval) - (Inteival)
I X T RS TR T N wosm | % §
RILATOS 25,00-39,00 '
w932 | 300 . 17,30-11, 10 10,00-15,00 - %
CARALES 16,00-20,00
_ 20,00°25,00 |
X Y . 2,0-0,5 | 15,00-20,60 ) 5
OOHLO ' o 20,00-25,00
| | 25,08-30,00
wut | w2 RTKIATE - {
PUPINS :
STATIGK
$3-43-2 2%,0 3 18,261,840 5,00-10,00 5 0
S3-STATIN _ N
RECRTE N X { 2,36-20,12 15,00-20,00 8
O : o 20,00-25,00
DULCE - . 2slm'suloo
$8-93-4 0,0 5 - 3,00-33,50 Bune | o® 8
AN DE 10,0035,00. | o
PAINRO 1. B R
§3-935 2,0 { a0 | zoes,n | 10,0045,00 8
KEAD TAKK §,88-0,11 5,00-1,80 | 15,00-20,00
- | _ 20,00-25,00
s L | e TE 24,10-24,55 - 17,5540,50 1
GuingIfo - ' ,50-21,5
H,50-50,50-
M-93-2 5,0 8 3,9-3,00 - 30,00-35,60 v
JUANCHA 35|N"le .
GRANDE 9,00-45,00
K-43-3 %0 1 8,5- 8,800 | 0,0- 3,0 5
MAKCHA w58 | 050
GRANDE R IR
- C4,0-0,0
12,6-48,0.
1AL mo | s t 1 a 100 1 )
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2137 EQUIPHENT AND METHODS USED

: The sound1ng tests used - three comp]ete sets of equ3pment as per the

'requ1rements of the technical specifications used, based on their capacity

and the depths of the boreholes to be drilled as well as the conditions for
access to the different sites.

Three hydraulic drive rotary  type drilling machines were used with

‘capable of drilling at more than 100 meters deep, with hole diameters of 98.8

to 75.3 mm or core diameters of 80.9 to 54,7 mm.
The brand names of the equipment are:

1. ACKER TELEDO
2. ACKER HILL BILLY
3. - 'ACKER ACE

- Each st of egquipment was completed by ‘a centrifugal driven pressure
pump with a pumping capacity greater than 100 liters/minutes and pressures
above 15 kg/om,. 1In addition, pressure and flow pumps for water storage at
the drilling sites were used.

Core barrels of the single tube type were used for samplers with a

“borehole diameter of 72 mm, in formations of: alluvial or colluvial soils and

on completely weathered rocks whxch are very soft and must be drilled in diry
conditions.

~ “Core barrels of the double tube type W1th core diameters of £0.8 and
72.6 mm were used . on rocky formations. A .core barrel with a diameter of
54,7 mm from t0 meters down was used only for sounding test SD-93-2 due to
the presence of a conglomerate level that forced the diameter of the sounding
to be changed

_ Basical!y, because of the soft sedimentary rocks metal drill bits were
used and locally at sounding tests DP-1, DP-2 and DP-3 and diamond bits were
used because of silicecus or conglomerate levels,

Permeabi]ity tests on highly weathered soil or rocks were performed
using the infiltration methed at a constant level (Lefranc). :



Lugeon permeability tests were performed Using mechanical packers with
glycerine pressure gauges at a 20 Kg/om! pressure capacity and precision of
0.5 kg/em  with accunulated hydrometers and clean water. The steps of the
- charges weré based on the rock properties in the sections tested.  Also, a
test for ‘the loss of the charge due to friction which determined losses
considered in the calculation of the permeability tests was performéd and tha
results are attached to this report.

Stahdaird ‘penetration tests, "SPT" were performed according to the
standards for said test, i. @.: S o

Mass weight 140 “1bs.
Height of fall 76 cm
.8plit tube diameter 2"

They were performed every 1.5 m on 0.45 m. pipe ‘lines, divided into
three 15 cm parts. The strokes necessary to drive each 15 cm. lihe were
counted and were considered as’ rejects when more .than 30 strokes were
required. For interpretation of the test, the strokes in the last two lines
were added up obtaining the value of Nig s If N30 was more than 50 strokes,
then it was considered a reject. ' : T :

For rock mechanics laboratory tests, core lines between 40 and 60 om
were selected and were coated with paraffin immediately after removal in
~order to avoid the rock’s losing its natural characteristics. These cores
were duly labeled and sent to the-laboratory, '

2" diameter piezometric pipes were placed, with grooves -in 10% of their
- periphera) area, on three of the sounding tests performed in order to measure
the waterr level in the rocky mass or to take water samples.

A concrete slab (0.5 x 0.5 m) with its respective description and a
tube with a screw top 2 1/2" in diameter were placed on each of the sounding
tests ‘at the termination of the sounding test. : :

Core recovery was measured at each step whether for soil or rock,
reaching the following average recovery per sounding test.

—
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HOLE N0 | DRILLED DEPTH | RECORVERY |  AVERAGE
- (m) ~ LENGTH ~ OORE

(m) RECORVERY
(%)
~ 8D-93-1 30,00 | 80,00 | - 100"
- 8D-93-2 | . 30,00 | 26,20 | 87
$D-93-3 - © 30,00 29,65 99 .
| SR-93-1 55,00 | 54,60 | o9
SR-93-2 25,00 24,20 97
$R-93-3 - 30,00 | 29,88 | e
SR-93-4 ' 40,00 ' 40,00 100
SR-93-5 26,00 25,00. ' 100
MG-93~1 : 35,00 35,00 100
MG~93-2 45,00 42,30 a4
MG-93-3 30,00 | 23,60 99

The samples obtained were duly placed in standard labeled wooden boxes

which once registeréd and photogiraphed were submitted to JICA.

The different formations detected in the sounding tests and their
geotechnical characteris_tics have been described in detail. For soitl

~ samples a manual-visual description was given of the different materials,

indicating their character, color, consistency or compactness and organic
material content, following the standards listed in Table { of Appendix 4.1.

In addition to the bedding descnphon of  the rock samptes, the
different geotechnical parameters on each length sampled were evaluated, i,
e. RQD, weathering, fracturmg, resistance mdex, diaclase and status of same
were evaluated.

Based on these parameters, which are listed in Appendix MNo. 41., the
quality index for the rock was determined as per the Bieniawsky classification.

17



2.4 RESULTS OBTAINFD

For a batter analysi$é of the. information obtained, the results are
listed separately for each of the projected works. :

2.4.1 DAULE PERIPA-LA ESPERANZA RESERVOIR .

For the geotechnical study of the supports of the tunriel and especially
oni the intake - (Conguillo) and exit {Membrillo) portals, DP-93-3 and DP-93-1

sounds, respectively, ‘were performed. Also the OP-93-2 - sounding  was

performed at the Estero Cafiales.
Beddlng prof11es detected by each of the soundxng tests and ‘their
geotechn:ca] characterfstics are 11sted herebe1ow The correlatlon of the

beddlng cuts detected Wil be the ob)ect of the Geological study

HOLE No: _ DP-93-1

Elevation: 183,01 masl

Depth: '30,00 m

From 0,00 to 1,30 m “Colluvial soil costituted of b1ack1sh silty clay w1th
: ' ' weathered debris stiff,

From 1,30 fo 9,?0 m. F1ne gra1ned sandstone with grayish brown 1evels of
nudstone and gray muddy from 6,60 m wnth a Blen1awsky

quality index of I1I and on ‘the top IV.

From 9}70 to 12,90 m Greenish gray fine and med1um gralned sandstone with
a quality lndex III.

From 12,90 to 17,20 m Gray fine gréihed sandstone, some soft, with a
~ quality index III and with intercalated tevel of
. brown mudstone tufaceous.

FromriT;20 to 18,50 m ‘Leveluof browm mudstons with a quality index II1.

From 18,50 to 23,20 m Greenish gray silty fine grainéq éandstone with a
: quality index III,

1-&
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HOLE

From 23,20 to 28,20 m

‘From 28,20 10 23,70 m

“From 29,70 to 20,00 m

Dark gray 'fine ‘and medium grained sandstone, some

- soft; with-a quality index III-1V, beddihg hori-
‘zontal.

-Medium and coarse grained sandstone, soft rock with

a quality index-lvT

Conglomerat, soft rock, with a quality index IV.

The grade line of the tunnel is found at an elevation of 60.60 maters
above sea level making the excavation of the tunnel at the level of fine

NO:

Elevation:
Depth:

From

From
Fron
" From
" From-
“From

From

0,00 to

0,40 to
é,?ﬁ to
6,70 to
8,50 to
12,00 to

14,15 to

‘grain mudstone with sandstone with a quality index of 111,

- DP-93-2

84,85 mas)

. .30.00 0

0,40 m

2,75 m:
6,70 m
g,__so m
12,00 m
14,15 m

23,20 m

Alluyium constituted of sand and gravel,

Greenish gray silty fine grained sandstohe, some
soft, quality index III - 1V,

Dark brown, medium and coarse grained sandstone,
bedding horizontal, with a quality index 1v.

Greenish gray mudstone, some breach. From 7,60 m
muddy sandstone with a quality index III.

Bluish gray medium grained sandstone, some soft, with
a quatity index 1V.

Coarse grained conglomeratic, soft, with a quality
index IV.

Graenish - gray silty fine and medium grained s-

andstone {(from 16,70 to: 20,80 m, medium and coarse
grained)}, quality index 11,

N



From 23,20 to 30,00 m: Greenish gray: mudstone with some sandstons, with a

quality index III, from 26,40 to 28,156 m level of
fine and medium grained sandstone.

- The grade 1ine of the tunnel is found at an elevation of 64.70 meters
above sea level meaning that the tunnel would involve sandstone of the fine
grain type and somewhat like mudstone with a quality index of 1II.

HOLE NO:
“Elevation:

Depth:

From
. From
-from'
From

“From 1

CFrom i

From 1

0,00

1,20

3,60

4,60

0,20

3,45

5,60

From 20,50

to

to

to

to

to

1o

1o

to

© DP-93-3

1,20 a
3,00 m
4,60 m

10,20 m

13,45 m
15,60 m -
20,50 m

23,60 m

"89,67 mas]

30,00 m

Brown mudstone - with siliceous cong1oméfatic debris
(breach) with a quality index 1V.

Brown fine grained sandstone, from 2,0 m medium and
coarse grained, quality index III.

Brown mudstone with conglomeratic debris (breach),
with a quality index 1II.

Greenish gray silty fine. grained sandstone with
traces of shell, from 8,10 m brom color, quality
index 11.

Dark brown medium and coarse grained sandstone, some
- soft, with a quality index III - IV,

Sandy - and conglomeratié_gkeénish nudsténe. with a
quality index III, '

Greenish_gréy silty fine grained sandstoné, with a
quality index II. : '

Greenish'gray.mudstona with breach debris and some

sandy with traces of shell from 21,90 m, quality
index III.

1.-[{)
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From 23,60 to 27,90 m Greenish gray fine and medium grained sandstone, with
traces of shell, muddy, microconglomeratic from 27,0
m, quality index II, :

From 27,90 to 28,80 m Greenish gray mudstone with a quality index II.

From 28,80 to 30,00 m Greenish gray muddy fine grained sandstone, from
29,60 m microconglomeratic, quality index II.

The grade line of the tunnei is found at an elevation of 64,90 meters
above sea level meaning that the tunnel would involve grayish green mudstone
" and sandstone with a quality index of III and the lower part of the sandstone
bedding With fihe Sandstone and mudstone with a quality index of II. .
PERMEABILITY

Results of the permeability tests are summarized in the following

~table:
LUGEON FIELD PERMEABILITY TEST
. mq.mz _ INTERVAL o:::.:j;m'sf | inc:' Pn:s?u;{ REHARKS
K (ca/esg) : kg/ca
DP-93-§ | 20,00-25,00 | 4,9 x 107 4,75 19,9 ka/ont
op-93-1 | 25,00-30,00 | 2,4 x 10t | 23,26 | 7,3 kg/cnf
oP-93-2 | 10,00-15,00 | 3,9 x 0% | 35,35 | 5,1 kg/ont
oP-93-2 | 15,00-20,00 | 7,4 x 10t | 0,66 | 5,1 kasert
oP-93-2 | 20,00-25,00 | 5,4 x 10% | 4,82 | 6,1 kesent
op-93-3 | 15,00-20,00 | 5,2 x 10" | 50,55 | 4,83 xa/on’
0P-93-3 | 20,00-25,00 | 1,4 x 10" 13,569 | 6,9 kg/cnf
0\5—'93—3, 25,00-30,00 | 6,9 x 107 0,571 | 10,8 kg/cnt




WATER LEVEL

The following are’

19,00 m

"

DP-93-1
DP-93-2
. DP-93-2 = 9,15 o

il

the stabilized water levels:

4,00 m-

2.4.2 LA ESPERANZA-PO?A HONDA, WL

For: the study of
(Caﬁa Dulce) and exit (
SR-93-4 squndIng tests

the supports of - the tunne] ‘and especla11y the 1ntake
Pata de P4jarc) porta!s. we drilled the 8R-93-3 and
respectively.

The“ pedding profiles detected by the sounding tests and their
geotechnical characteristics are listed herebetow. '

The correlation b
Geological Report.

HOLE NQ:
Elevation:
Cepth:

From 0,00 to 3,00 m

etween the bedding profiles will be discussed in the

- 8R-93-3

130,00 mas)

© 30,00 m

Yellowish brow silty clay with weathéred‘roCk debris

Cstiff.

-From 3,00 to ‘6.20 m

From 6,20 to 8,30 m

Yeildwish browm completely weathered mudstona with a

quality index V (very poor).

Very weatheréd greenish gray mudstone with traces of

“shells, with_a QUa}ity'ihdex IV (poor).

From 8,90 to 30,00 m

Greentsh gray mudstone WIth traces of shells and
levels of s11tstone, SOMe sandy bedding horizontal,
quality index III, from 16,0 m some shells and sandy
charactere, ' '

112
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 The grade line of the tunnel is at an elevation of 107.31 meters above
sea level making the material involved in the tunniel of the grayish green

of 111 (medium).

HOLE ho:
Elevation:
Depth:

From 0,00 to

Fron’ 1,50 to

" From 8,30 to

From 13,80 to

"From 21,20 to

From 35,80 to

1,50 @
8,30 m

13,80 m

21,20 m

35,80 m

40,00 m

“mudstone type with a sandstone character and some shells with a quality index

 sn-93-4

100, 18 ‘mas]

40,00'm

weathered mudstone fragments in_brown silty matrix,
stiff.

Conpletely weathered yellowish brown mudstone: (re-
sidual clay) with a quality index V.

'Green1sh gray mudstone, sound rock with traces of
‘shells on silty levels, bedding horizontatl, from 12,0

m some_shel]s and sandy character, quality index III.

Greenish ' gray 'siltty fine grained sandstone with

‘traces of shells, with a quality index 1II - 1V.

Greenish gray mudstone with traces of shells and
silty levels, sound rock, bedding horizontal with a
quality index III, from 28,0 m with sandy character
and greenish 'dark gray color.

Greenish gray -silty finé grained sandstone with
traces of shells, bedding horizontal, quality index

‘111,

_Since the grade line of the tunnel is at an elevation of 100.18 meters

above sea leval,

the mater1a1 involived in the tunnel’ ‘would be of the grayish

green mudstone type with indexes of shelIs and a sandstone character with a
quallty index of I1T (medium).

113
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PERMEABILITY
The results of the permeability tests are summarized in the following
table:
LUGEON FIELD PERMEABILITY TEST
Hole INTERVAL COEFFICTENT LUGEON NET REMARKS
He PERMEASILITY I PRESSURE
(ce/s0g.) B kgrca? -
$R-93-3 | 15,00-20,00 | 4,1 x 107! 40,00 | 4,77
SR-93-3 { 20,00-25,00 2,4 x 10° 19,80 | 6,8t _
sR-93-3 | 25,00-30,00 | 3,1 'x 10¥ 0,25 | 7,84 | Hidrautic.
' : 3,56 x 10". | 28,50 | 8,78 Brocked
sR-93-4 | 25,00-30,00 | 3,9 x 10% | 81,90 | 11,28 | Midraulic
' | | SR | Brocked
SR-93-4 | 30,00-35,00 7,7 x 10, 62,90 4,40 Open
_ s Joints
sr-93-4 | 35,00-40,00 | - 5,2 x 10" | 42,40 6,3 | oOpen
' ' ' ' Joints
WATER LEVEL

Stabilized water levels arélthe following:

SR-03-3

4r-93-4

17,50 m
14,80 m

il

2.4.3 POZA HONDA-MANCHA GRANDE TUMNEL

A total of three sounding tests were performed and MG~ 93-A was drilled
at the intake portal (Gua:abito) at a depth of 35 meters and sounding tests
MG-93-2 and MG-93-3 ware drilled at the exit portal (Mancha Grande) at depths
of 45 and 25 meters, respectively,

" Bedding profiles detected by the sounding tests and théir geotechnical
characteristics are listed herebelow, '

g
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The correlation of the bedding cuts will be discussed in the Geological

' Study.

HOLE NQ:

‘Elevation:

Depth:

From 0,00
_Fro‘m .3,0'0
From 7,5§
Fer 13,40

From 17,50

- From 24,00
© From 27,30

From 30,20

to

to

to

to

to

to

to

to

3,00m
7,50 m
13.40 m
17,50 m

24,00 m

27,30 m

30;20 m

35,00 m

MG-93-1
117,420 mas)
35,0 m

Weathered and oxidited debris of brown silty fine

- grained sandstone in sandy silty matrix Stiff.

Combietely weathered yellowish brown silty fine
grained sandstone with a quality index V.

Completely wathered yellowish brown mudstone, from

12,80 m sandy character, aquality index V,

Vary weathered greenish gray mudstone with traces of
shells, with a quality index 1V, '

Sound greenish gray mudstone with silty levels,
bedding horizontal;, from 20 to 21 m sandy character
quality ‘index IV - I1I.

sound gray sandy fine grained sandstohe with a

quality index IV III.

‘Greenish gray mudstone with traces of shells some

sandy; bedding horizontal, quality index III.

Grrenish gray muddy fine grained sandstone, bedding
horizontal with a quality index III.

"8ince the grade line of the tunnel is at an elevation of $1.25 meters
above sea level it means that the materia) involved in the excavation of the
tunnel would consist. of sandstones with very fine gray mudstones with the
same gquality index as that of sandstones.



" HOLE No:
Elevation:
Depth:

From 0,00 to

From 5,60 to

From 7,80°to
From 11,80 to
from 17,80 to
From .27,50' to
- From 30,.10 to

From 33,70 to

s

MG-93-2
128,10 mas)
45,00 m

Colluvial soi) constituted of yellowish gray clayey

‘511t with some fine ‘grained sand and numerous

weathered rock debris, Stiff.

Completely . weathered : brown silty fine grained

sandstone with a quality index V.

‘Completely. weathered grayish broan mudstone with

sandy tevels with a quality index V.

Highly" Weather‘ed ~grayish- brown mudstohe with a
quality index 1V,

Highly weathered yenmish_brom silty fine grained
sandstone with a quality index 1V, from 25,0 m muddy.

Yellowish ‘brown mudstone weathefed, with oxidated
joints, quality ‘index IV.

Greenish gray mudstone with  yellowish ~oxidated
levels,: quality index Iv - III.

Sound greenish gray mudstone with traces of shells
and sandy levels, bedding horizontal, quality index
I - IV, s : -

The grade line of the tunnel is at an elevation of 88.62 meters above
sea ltevel meaning that the rock 'involved in the line of the tunnel will be of
the grayish green mudstone type with indexes of shells and sandy levels with
a quality index of IIT to 1V:.{medium to bad). :



HOLE NO:

Elevation:
Cepth:

From 0,00 to 5,00 m

Fron 6,00 to 18,80 m

i

From 18,80 to 23,80 m

From 23,80 to 25,00 m °

MG-93-3
97,75 mas)

25,00 m

Alluvial soxl constltuted of sandy 31?t level to 2 20
m ahd silty fihe" grained sand with weathered rock
debr1s, Stiff

Co]luv1a1 80i1 constituted of weathered rock debris
and fragments of fine grained sandstone and siltstone
in yellowish brown silty sand matrix with a levels of
dark gray soft silt, :

completely weathered yellowish brown silty fine
grained sandstone, from 23,00 m gréenish gray color,

'qual1ty index V,

" Greenish gray silty fine gralned sandstone, soft rock
“with a quality index IV.

. The grade line of the tunnel 1szat an elevatioch of 88 55 meters above
sea level meaning that the rock 1nv01ved s11ty f1ne grained sands and levels

of soft siltstone.

. PERMEABILITY

- Lugeon permeability tests were performed with sound tests MG-93-1 and
MG-93-2 while at sounding test MG-93-3 five Lefranc infiltration tests were

performed due to the strength of the alluvial deposats.



Results were as follows:

LUGEON FIELD PERMEABSILITY TEST

HoLE © ENTERVAL COEFFIGIENT OF . |  LUOEOH HEXT REMARKS
Ko PERHEASILITY | UNIT PRESSURE -
K (carseg.) | | ke/ea?
Ma-93-1 | 17,50-22,50 | 3,7 x 10" | 356 | 6,75
Mo-03-1 | 22,60-27,50 | 5,18 x 107 | 49,8 | 570
ms-93-1 | 27,50-32,60 | 4,03 x.10" | 38,7 | 6,68
Ma-93-2 | 30,00-35,00 | 3,6 x 100 [ 34,9 5,773-'
MG-93-2 ,35,69-46,00 1,66 x 107 15,9 -] 8,09 -
[ Ma-03-2 | 40,00-45,00 | 1,61 x 16* | 15,5 | 12,68
LEFRANC FIELD PERMEABILITY TESY
 WOLE INTERVAL COEFFICIENT OF LUGEGH WITHOUT LEFRANG
) PERMEABILITY NIT . PRESSURE : FIELD TESY
-K (cafeen.} . s .
MG-93-3 | 0,00-3,00 | 1,02 x 107 - H
MG-93-3 |  3,00-5,00 | 1,05 x 10 ~ Ho
MG-93-3 |  3,00-8,00 | 6,13 x 107 - M
Me-93-3 | - 9,00-12,00 | - 6,26 x 10° - H
MG-93-3 | 12,00-15,00 | 6,27 x 10% - H

ot
v

e

WATER LEVEL
Stabilized water levels at the holes were as follows:

MG-93-1

= 9,50 m
MG-93-2 = 39,80 m
MG-93-3 4,00 m

-8



2.4.4 PUMPING STATION -

For the foundationrstudy of the Pumping Station sounding SR-93-1 was
performed at a depth of 55.0 meters, detecting the following bedding profile:

From 0,00 to 1,50 m Colluvial soil constitute of stiff blaxkish clayey
sitt with organic materiat,

From 1,50 to 7,00 m Greehish gray  fing- grained sandstone, moderately
cemented with a quality index I11.

From 7,00 to 10,50 m Weathéred yellowish green fine and medium grained
: ' sahdstone with sells and oxidated joints, quality
index III.

From 10,50 to 14,00 m Bluish gray medium and coarse grained sandstone mode
oo ' rately cemented, from 12,20 m coarse grained some
soft rock, quality index III - IV.

From 14,00 to 12,30 m Gray"- madium grained sandstone with: comgtomeratic
~ levels, quality index III.

From 19,30 to 22,00 m Gray medium an coarse grained sandstone with mi-
crocongiomeratic levels, moderately cemented with a
~quality index III. ' '

From 22,00 to 25,10 m Light gray silty fine grained sandstone, stiff rock

with a quality index II.

From 25,10 to 33,90 m Yellowish green fine and medium grained sandstone
= with microconglomeratic levels, quality  index I1I,
from 29,40 m levels of mudstone bluishgray color and

a quality index II, :

From 33,90 to 38,10 imn Gray medium grained sandstone, from 36,0 m bluish
| ' o gray color, quality index II.

From 38,10 to 43,66 m Gray fine and medium grained sandstone, triable with
a quality index III.

-4



From 43,60 to 45,00 m Levells of mudstone alternating - fine grained

From 45,00 to 49,20 m

From 49,20 to 55,00 m

2.4.5

of 25,

From
From
From

From

From

. From

sandstone stiff rock, quality index II.
Gray siltstone with levels of light gray silty fine
grained sandstone, compact massive with a quality

index. 11 - III.

Greenish gray mudstone massive; stiff rock with

“tevels of shells, quality index Il - III.

Permeabfiity tests were not performed during this sounding test,

The stabilized water level is at a depth of 35.50 meters.

SUBSTATION

00 m.

1Sound1ng test SR-93-2 was performed for the foundation study at a depth

The bedding'profile detected is as follows:.

0, 00 to 2, 30 m C011UV1a\ soil const1tuted of weathered debr1s in

2,30 to

4,00 to

6,60 to

7,30 to

8,90 to

4,00 m

6,60 m

7,30 m-

8,80 m

1,70 m

grayish brown s1lty clay, stiff.,

Ye1lOW1sh brown very weathered mudstone with a
qua11ty index v.

Greenlsh yellow very weathered s1\tstone thh sandy
layers with a quality index IV.

Conglomeratmc sandstone with a qua11ty index 111.

Weahtered light brown tine grained_sandstone with a

quality index III,.

Greenish yellow fine to medium grained_sandStone sone
soft rock, bedding horizontal, quality index 1V.

1-20

0

()



25

From 11,70 to 18,90 m

From 18,90 to 21,20 m

From 21,20 to 25,00 m

2.4.6 LOADING TANK

- From

From

From

From

From

From

From

Greonis gray fine grained sandstone with medium and

- goarse grained levels, stiff rock with cross beddings

and a quality index II.

Yellowish green fine grained sandstone with oxidated
joints, quality index III - IV,

‘Bluishigrdy médium and codrse grained sandstone with

microconglomeratic levels, compact quality index III.

Sounding test SR-93-5 was drilled to study the foundation of the
Loading Tank at a depth of 25.00 m. :

The bedding prdfiie detec{éd is as follows:

0,00 to 3 50 m Colluvial soil constituted of ye]1OWIsh brown clayey

3,50 to

6,20 to.

7,80 to:

9,30 to

14,86 to

17,85 to

6,20 m
7,80 m
8,30 m

14,85 m

17,85 'm

19,85 m

silt with plant roots and weathered rock debris,
stiff.

- Completely weathered brown mudstone, residual soil
- with shells, quality index V. :

Greenish gray fine grained sandstone with shells with
a quality index IV - III.

Light brown mudstone with shells, from 8,60 m dark
gray color, quality index III.

Dark'gray fine grained with shells and levels of
mudstone, moderatelyj cemented with a quality index

- I,

Dark gray siltstone with levels of sandstone, with
shel1s moderately cemented, quality index III.

Greenish gray muddy fine gra1ned sandstone with some

-of shells, stiff rock, qualaty indox 1I.

-



From 19,85 to 25,00 m Dark gray fihe ‘and medium’ grained sandstone mode-
: rately cemented; from 24,00 some soft, quality index
1T - IV.
 PERMEABILITY

The fol }owiné table provides a su_ntnary of the results of the Lugeon
 permeability tests performed at sounding tests SR-893-2 and SR-93-5,

LUGEON FIELD PERMEABILITY TEST
HOLE INTERVAL COEFFICIENT OF LUGEO NET REMARKS
K PERHEABILITY NIT . | PRESSURE
' _ K (cafesp.} ' :
sR-93-2 | 5,00-10,00 | 9,6 x 10t | 92,13 | 1,89 | wLueeon
sR-93-5 | 10,00-15,00 | ‘3,9 x 10 | 31,88 | 11,29
sr-93-5 | 15,00-20,00 [ 7,7 x 10 62,87 4,39 0
‘sR-93-5 | 20,00-25,00 [ 5,2 x 107 42,36 | 6,35 -
LEFRANC FIELD PERMEABILITY TEST
HOLE - INTERVAL COEFFIGIENT OF LUGEON NET . REHARKS
ke |  PERsERBILLYY - eIt - | eressuee | -
K (ca/sa3.}
+sR-93-5 | 2,00-5,00 | 3,3 x 10° - - | Lerrac
5R-93-6 | 5,00-7,80°] 1,7 x 107 - - -
The Lefranc test at depths of 2.00 to 5.00 meters for sounding test SR-
93-5 did not managé to stabilize the flow which always increases due to the
possible dissolution of salts or washes of cracks in the colluvial.
The greatest flow measured at 60 minutes is caﬁcu]aied.
()
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3. LARORATORY ROCK TEST

3.1 PURPOSE AND SOOPE

For the purpose of learning the bedding and geomechanical
characteristics of -the rock bed to be irvolved in the performance of the
project works, representative core lines have been selected at the depths we
are interested in for the work of each one of the sounding tests. A broad
laboratory testing program of Rock Mechanics has been performed.

3.2 TYPE AND AMOUNT OF TESTS PERFORMED

The type and number of rock testing performed is as follows:

DESCRIPTION _ QUANTITY
- Mineralogic¢ Analysis by X-Ray . i1
-~ Specific gravity and water absorption i
~ Natural Density 11
~ Uniiaxial Comnpression _ 11
—  Static deformation modulus 11
- Poisson’s ratio ' : 11
- Tensile strength 11
- Swelling _ 114
~ Slaking tendency iR

 An identification test was performed on the soil sample from sounding
test MG-93-3 of the line at a depth of 8.50 - 8.80 m.

Tasts were performed at the }aboratories of the Polytechnic University
of Quito, in strict compliance with the standards established for each one of
them. '



3.3  RESULTS OBTAINED

Results of the laboratory rock tests are prévidéd herebelow in the
summnaries for each ona of the works.

Complete results are provided in Appendix No. 4.3.

-
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3.3.1 ' TUNEL DAULE PERIPA - LA ES%W&‘ { DAULE PERIPA - LA ESPERANZA TUNNEL

HIDROSUELOS CIA. LTDA. . PROYEGTO
B TRASVASES MANABI
MUESTRA Y PROFUNDIDAD -
o ) _ L
TWPGS DE ENSAYOS - SAMPEL ANO DEPTH . DR ors32 | prsas
NAME OF TEST - (24,90- 21.90) (23.35-23.75) (2200 225D
1. ANALISIS MINERAL OGICO POR PAYOS X | 5% |Ptagocans Plagiocasa Plaglociasa
MINERALDGIC ARALISIS BY X-RAY . %) 1 Esmecits } Ba Esrasactis f Bita
10:30% - - -
<10% | Ermwcita j Fia Cusrzo Cuazo
< 1% | Hemblenda, ouarzo, | Homblenda, dorta | Homblenda, clorita
corta, pita phta
2. GRAVEDAD ESPECIICA Y ABSORGION DE AGUA * (grfom3) G 2758 2704 2695
. __ SPECIFIC GRAVITY AND WATER APSORTION (%) Ab 45.16 4143 4597
. 3. DENSDAD NATURAL ' rm ‘
NATURAL DENSITY {grtem3) ' 1,787 1.824 1856
4. COMPRESION UNIAIAL S ET 4391 10328 60.15
UNAXAL COMPRESSION (glom?)
5. MODULO DE DEFORMAGION ESTATICA E - 12320 12600 21100
STATIC DEFORMATION MODULUS Fgom?) : :
6. RELACION DE POISSON - V) o1 020 025
POISSON'S RATIO
7. RESISTENCIAALA TENSION G- 1318 647 3
TENSLE STRENGTH  (kgfom2) b
8. HINCHAMENTO Spl 0.00 647 128
8. TENDENCIA AL FRAOCIONAMENTO : 3 1Y) Ki=01 727
SLAKING TENDENCY (%)
[-2%




332 TUNEL LA ESPERANZA - POZA HONDA 7 LA ESPERANZA - POZA HONDA TUNNEL -

HIDROSUELOS CIA. LTDA.

' PROYECTO
TRASVASES MANAB!
MUESTRA Y PROFUNDIDAD
o  (m) B
TIPOS DE ENSAYOS SAMPEL AND DEPTH . 5R939 P4
KAME OF TEST - {20.38-20.72) (83.00-33.50
1. ANALISIS MINERALOGIOO POR RAYGS X o | »50% | Evnectai®a - [Esmocks/bma
MNERALOGIC ANALISIS BY X-RAY {%) o :
10-90% - -
- <10% | Pugiochia, cutrzo | Plagiodlasa, Bra
cloct |
< 1%7 Mutoovita, p¥ia Hormblenda, dorlta
T Fosloen plrita, calots
2. GRAVEDAD ESPECIFICA Y ABSORCION DE AGUA - {griom3) G ! 27% - 2%s
SPECIFIC GRAVITY AND WATERAPSORTION (%) Ab B4 9920
3. DENSIDAD NATURAL f ¥ 2074 - 2088
NATURAL DENSITY _ (glem®) :
1. COMPRE SION UNIAXIAL . ® 628 8372
" UNAXIAL COMPRESSION (kglom?) : -
6. MODULO DE DEFORMACION ESTATICA e 260 1283
STATIC DEFORMATION MODULYS (gfom?) ' -
8. RELACION DE POISSON ' v o1 018
POISSONS RATIO :
7. RESISTENGIA A LA TENSION o | Ge: 1834 1449
" TENSLE STRENGTH e (kglom?) , .
8. HNGHAMENTO o | o= 13 054
SWELLNG Pofom2)
3. TENDENGIA AL FRACCIONAMENTO - 2 794 92
SLAKING TENDENCY : %y :

o

L
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333 TUNEL POZA HONDA MANCHA GRANDE / POZA HONDA MANCHA GRANDE TUNNEL

PROYEGTO

HIDROSUELOS CIA. LTOA.
' TRASVASES MANABI
MUESTRA ¥ PROFUNDIDAD
: T _ - (m). o :
. TIPOS DE ENSAYOS SAMPEL AND DEPTH Mo 1G22 MG33
NAME OF TEST . : {24.10-24.55) (36.5237.00) (24242452
1. ANALISHS MENERALOGIOD POR PAYOS X >30?~’»" Flagloclasa Flagioctass, esrae- | Plagiodata, esmec-
MINERALOGIC ANALISIS BY X-RAY %) : fa /P2 Ra)Eta
' : ' 1030% | Esmecitn f Eta -
<K | Ouarzo Cuwzo Cuarzo
< 1% |Homblenda, clorta, | Homblends, clorta, | Homblenda, clorta,
zwvso,ibaspséur_m‘rmuuma (otloen®) Cs 2604 2661 2%
- SPECIIC GRAVITY AND WATER APSORTION g Ab 22,83 .91 39.73
3. DENSDAD NATURAL (ofomd) | J‘ ™ 2062 2068 2000
NATURAL DENSITY
4. COMPRESION UNAXIAL falomzy | @ - 8759 8029 - 686
URLANGAL COMPRESSION B ? :
5. MODULO DE DEFORMACION ESTATICA - fglom?) E I 610 . 190
STATIC DEFORIMATION MODULUS ' ' :
8. RELACION OE POISSON -V 02 021 020
POISSON'S RATIO . :
7. RESISTENCIA A LA TENSION " (glorn2) C_l: f 10.70 1239 Y
TENSLE $TRENGTH - '
8. HNGHAMENTO (groma) | - St 039 016 022
9. TENDENCIA ALFRACOONAMENTO o | we 634 126 040
© SLAKING TENDENGY :
I~




3.3.4 ESTACION DE BOMBEO - SUBESTACGION Y TANQUE DE CARGA

PUMP STATION - SUBSTATION AND HEAD TANK

2

HIDROSUELOS CIA. LTDA. PROYECTO
TRASVASES MANABI
MUESTRA Y PROFUNDIDAD
| ) - |
TIPOS DE ENSAYOS SAMPEL AND DEPTH - SRS SR.03-2 ' SRE3S
NAME OF TEST C{48,3449.932) . (18.26-18.84) (8.78-9.00)
' oo ] (esseTn .
1. ANALISIS MNERALOGICO POR RAYOS X >3 | pagiocas Plagodats | Plagociasn
MINERAL OGIC ANALISIS BY X-RAY (%) 1090% | Esmectia | R Esmecfa/ila | Esmectti/Bita
e "< (U R e -
< 1% | Homblenda, cuarzo, | Homblends, evarze, Homblenda, sunzo,
acmwowsspscsmvmsomoﬂpmm (grhorm3) Gs | 2726 2657 273
SPECIFIC GRAVITY AND WATER APSORTION [%.5] Ab . 438 3475 2909
3. DENSIDAD NATURAL totor® | Fen - 2008 207 - 2082
NATURAL DENSITY .
4. COMPRESION UNAXIAL fkolorm2) LTI 8200 1268 13489
6. MODULO DE DEFORMAGION ESTATICA (kglem2) E 4760 £6.00 1660
STATIC DEFORMATION MODULUS : Lo
6. RELACION BE POISSON 3 024 019 018
POISSON'S PATIO
7. RESISTENCIA A LA TENSION prglomzy | O® ! 1838 2064 2107
 TENSLE STRENGTH
8. HENCHAMENTO rglom?) Spl 026 003 - 010
. L
9. TENDENCIA AL FRACCIONAMENTO 3] K2 - - %2 6340
SLAKING TENDENCY ; :
T8
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