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L. INTRODUCTION.

In this report geological matters in relation to the waterway facilities in 6
alternative schemes are described. Main facilities are tunnel, open channel, siphon
and dam. In the 1'st phase of this feasibility study, seismic refraction survey was
carried out in the dam site and tunnel route. o

~As a result of hydrological, civil and environmental studies in the 1'st phase,
Alternative-5 scheme was esteemed as a most profitable one, therefore in the 2'nd
phase, detailed boring work and soil mechanical test were performed for the design of
tunnel and open_chann_ei in the scheme of Alternative-5. In addition to the boring
works, permeabiiity test and rock laboratory test were carried out. Especially for the
object of rock samples in Guarango tunnel route, clay minerals has been analyzed by
X-ray because there is possibility that these samples contain swelling clay minerals
such as anhydrite and/or montmorillonite.

Geological ground surface investigation tracing the outcréps was carried out
through ali project area in order to make sure of geological characteristic and
aerophoto interpretation was done as a supplemental work.

In the year of 1986 and 1987, Brazil and Spain studied geological condition of
the water diversion tunnel by-' the method of boring work and those results of
‘Brazilian and Spanish geological investigation were carefully reviewed for
summarizing the engineering geology.’

2. - GENERAL GEOLOGY

~Ecuador is divided geologically into 3 major regions i.e. the Oriente, the
Andean range and the Costa. The Oriente means the eastern part of the land, it lies in
the region of lipstream reach of the Amazon and composed of old geological layer of
metamorphic, sedimentary rock Paleozoic to Mesozoic (Cretaceous) in age.

-The Andean rémge CO;fi‘espOndS' to so called the Andes cordillera, and huge and

high volcanic mountains of Cretaceous from around 3,000 m to 6,000 m in elevation
‘stretch widely. Lithology in this range is Andestic, basaitic rock and pyroclastic rock.

-H.1-



The Costa occupies the coastal region of the tand where younger geological
layer of sedimentary rock of Tertiary (Miocene to Pliocene) makes a gentle highly

mouniains,

Project area is situated in the Costa region; - Geological basement of this area
is Pifion formation of Cretaceous in geo-age and basalt in rock type. This layer
outcrops at Picoaza town in the western vicinity of Portoviejo City. Major geological
layer related to the project is Borbon, Onzole and Tosagua formation of Tertiary.

Borbon formation rock type which consists of sandstone and/or mudstone is
distributed around the Daule-Peripa dam, and the mountain area of about 200 m
higher in elevation. There is no clear difference between Borbon and Onzole
formation.

Onzole formation is the layer which profoundly relates to engineering works
in the project. In other word, this layer occupies the almost all project area except for
local area of Guarango. lts rock type consists of very fine sandstone and/or
mudstone.

Tosagua formation spreads in the area ranging from Guarango to Rocafuerte,
This layer is composed of homogeneous calcareous mudstone. Gypsum, anhydrite
and/or other swelling minerals are included in this layer,

From the view point of geotectonics, gentle anticline structure is supposed. It
is assumed that the anticline axis NE to SW in direction extends from Poftoviejd City
toward Daule-Peripa Dam. However, since the gradient of anticline is very. gentle,
the dip of bedding actually appears horizontal in outcrops. Small scale of faults (1
km to 2 km in length) are supposed in some places, and regarding the fault system, 2
directions namely NE and SE are dominant.

As another geomorphological feature, appearance of cliffs are noted in the
place of 200 m upper in altitude. As a result of observation of rocks, these cliffs
consist of mudstone, Therefore it is considered that these were formed by the
difference of erosion in the mudstone and underlying coarser sandstone.

-H, 2 -



3, CONTENTS OF GEOTECHNICAL INVESTIGATION
3.1  Secismic Refraction Survey

In the current study (1'st phase) seismic refraction survey has been selected for
the field g_eological investigation. Seismic refraction survey of 49 lines, 40 km long
in total has been carried out in the tunnel routes and Chirijos damsite. Location and
work quantity are shown in Figure H.3, and survey results are summarized as follows.

Site . P wave Depth Geological Type
_ Velocity (km/sec) (m) _
Tunnel 03-05 0- 3 Top soil
Alternative 1 0.5-1.0 3-10 Decomposed soil and colluvial
3&5 1.0-15 10-15  Weathered rock
| 2.1-23 15 - Fresh rock
Tunnel Guarango 0.3-05 0-3 Top soil
0.6-09 3-15 Decomposed soil
09-15 15-25 Weathered rock
2.1-23 25 - Fresh rock
Chirijos dam 0.3-0.5 0-5 Top soil
| 0.6-1.1 5-20 Decomposed soil, alluvial and
colluvial
1.1-1.5 10-30 Weathered rock
2.1-23 30 - Fresh rock

Note: Decomposed soil means heavily weathered rock layer into soil.
3.2  Boring (Refer to Fig. H.5)

Boring Work (6 holes and 210 m l_png in total) was carried in the site of
Alternative-5 sc'h_emc (pumping station/head tank, siphon and inlet, outlet of tunnel).
Actual location and contents of boring work are shown in Table H.1, and the results

are summarized as follows.

(1)  Foundation rock for pumping station, head tank and tunnel are composed of
mudstone, sandstone and those alternation. These rocks are classified into soft
rock, CL class in the Japanese rock classification which corréspond to IV class
in the Beniawski's classification (Refer to Table H.2).

-H. 3-
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Thickness of soil layer (alluvium and colluvium) is 2 m at the pumping
station, 5 m at the head tank site and 9 m at siphon site respectively.

Thickness of soil layer (colluvium) is about 10 m around the portal place of
tunnel from Cafia Dulce to Poza Honda. On the other hand, in the portal place
of tunnel of Poza Honda to Mancha Grande route, weathered rock zone is
rather deep as a consequence thickness of soil layer is estimated at 20 meters.

There is a tendency that mudstone in the tunnel route from Poza Honda to
Mancha Grande is loosened by weathering action, in other words, this
mudstone becomes gradually loose after excavation if it is left in the natural

condition.

The value of R.Q.D. is 80 on an aver.age,' that is to say there are few cracks in
this rock layer.

The level of underground water is shown in the following table.

Hole No. ' Site Underground water level

B1 Pumping station ' Dry

B2 Siphon GL- 3m

B3 (Cafia Dulce Tunnel Inlet GL-15m

B4 Pata de P4jaro (Poza Honda) GL-14m
Tunnel Qutlet '

BS Guaiabito {Poza Honda) - Tunnel Inlet GL- 8m

B6 Mancha Grande - Tunnel Quilet GL-10m

Permeability Test (Refer to Fig. H.6)

Permeability test in-situ was carried out using the boring hole. In the site of

pumping station and siphon the test was done by the free flow method, while Lugeon

Test was selected in the tunnel site. Test results are summarized aé follows.

-H.4-



HoleNo. =~ Site Geological Type Permeability Coefficient

_ _ k (cm/sec)
B-1 Pumping Station Colluvium 6.3x 104
: Head Tank
B-2  Siphon Alluvium 9.6x 10-3-2x 10 -2
B-3  Tunnel Mudstone 24x104-55x%x10°
B-4 " " 1.8 x 105 -7.5x 106
B-5 " " . 1x106
B6 " " 3.5x 104

In the site of pumping station/head tank and siphon geological type is
colluvial and alluvial soil, as a result permeability is high.

The péfmeability of the mudstone in relation to the tunnel is generally
sufficient low (k = 1 x 10-5 cm/sec order), although in the partial cracky zones,
coefficient of permeability of 1 x 10-4 cm/sec order are measured.

34 - Rock Test (Refer to Fig. H.5)

In relation to the tunneling work, laboratory rock test was carried out for the
purpose of ascertaining the strength of rock. Boring core samples are selected for the
examination. Test itemns are bulk density, water absorption and unconfined
uncompressive strength. In addition to these items, especially for rock samples in the
Guarango tunnel route, clay minerals are analyzed by X-ray in order to confirm
existence of expansive minerals such as gypsum, anhydrite and/or montmorillonite,
Test results are summarized as follows.

(1)  Bulk density ranges 1.9 gfcm3 to 2.1 g/cm3, which shows average value in the
soft rock.

(2) | Regarding unconfined compressive strength in relation to tunnel, average
 value of qu is 60 kg/cmZ2, which shows rather weak condition than it appears.

(3) - Relatively high rate of water absorption is shown (20 - 30%), however rate of
volume change as to swelling is very low (less than 1%).

(4  In the rock sample of Guarango tunnel route, expansive mineral
(montmorillonite) has been detected.

-H.5-



Resuit of Rock Test

Hole  Sampling Site ¥ qu  Wab VC Rock
No. Depth gfem? kgfem?2 % %  Type
B-1 29m  Pump Station/Head Tank 1.9 71 22 004 SS
B-2 Siphon - 1.9 133 30 027 MD
B-3 Cana Dulce {Inlet) 2.0 45 24 1.10 ‘MD
B-4 Poza Honda (Outlet) 2.1 73 22 038 MD
B-5 29m  Poza Honda (Inlet) 1.9 47 21 .80 MD
B-6 Mancha Grande (Qutlet) 2.1 33 20 050 MD
*ST-2 40m  Guarango 2.0 30 30 500 MD
Note:  *$T-2 : Boring by Spanish Study Team in 1986 (6 years ago)
Y : Bulk density, qu : unconfined compressive strength

Wab : Water absorption, VC : Volume change by swelling
58 : Sandstone, MD : Mudstone

3.5  Soil Mechanical Test (Refer to Table H.4, H.5)

As for the layer along the open channel route from Serverino to Cafia Dulce,
iaboratory soil mechanical test was carried out. Samples were collected by the
method of shelby sampler (thin wall tube sampler) and block sampling of test pit.
Actual items of examination and those specification (ASTM No.) are shown in Table
H.4. '

In the current test, examination regarding the dispersive and expansive clay is
especially conducted. Because the soil (clay) in this area has a serious tendency of
failure by swelling in the rainy season. Those test items are potential volume,
swelling, pinhoie, double hydrometer test and chemical analysis.

Test results are summarized in Table H.5.

4. GEOLOGICAL CONDITION AND ENGINEERING GEQLOGY IN
PROJECT SITE

In every project site geological condition and engineering geology are.
summarized as follows.  Rock type is described based on the observation of outcrop
in geological mapping and boring core samples. Rock classification for dam
foundation is ranked on the basis of fapanese standard, and with regard to rock
classification for tunnel engineering, three criteria are adopted, 1.e. (1) Japanese

-H. 6-



standard (2) Rock classification based on the seismic P-wave velocity, and (3)
Beniawski's classification as shown in Tables H.1, H.2 and H3. The unconfined
compressive strength and static elastic modules are assumed in consideration of the
result of laboratory rock test.

~ While, engineering properties of soil layer along the open channel are
mentioned on the basis of the result of soil mechanical test as shown in Table H.5.

4.1  Diversion Tunnel from Caiia Dulce to Poza Honda
(Refer to Fig. H.7 and H.8)

The tunnel with a 3.5 m in diameter and about 11 km in length is planned.
Tunnel route is located in the mountainous area from 200 m to 400 m in elevation. In
reference to the result of seismic refraction survey and boring, rock type is composed
of mainly mudstone in tunnel formation fevel except for portal position. On the other
hand, colluvial and weathered mudstone (soil layer) of 10 to 20 m in thickness cover
the ground surface in the portal position.

Rock classification and main engineering properties are shown as follows:

Engincering Properties Tgt‘;??élfgot?ligggm Inside part of tunnel
Rock type Coltuvial Sandy mudstone
Rock class D (soil) CL (soft rock)
P wave velocity ' Vp (km/sec) 1.5 2.1-23
Unit weight , y (g/cm3) I 2.1
Unconfined compressive strength 10-20 60 - 100

qu (kgffcm?)

Static elastic modulus  Es (kgf/cm?) 2,000 10,000 - 12,000
Permeability coefficient k (cmy/sec) 1x103-1x104 1x 105

This sandy mudstone shows soft solidity to some extent, but massive and
rarely cracked. As a result Qf rock test, unconfined compressive strength (qu) is
relatively small contrary to the appcarance' of solidity (30 kg/cm?2) in minimum, (60
kg/cm?) on average. Since this core sample is selected in the portal position
(overburden 30 m in thickness), the value of qu is possibly increased in the inner part
of méuntain (assumed to be 150 kg/em?2). |

-H.7 -



Water flow by tunnel excavation seems to be a little based on the permeability
coefficient (k = 1 x 105 cm/sec). Although it is assumed that minor cracky zone
exist, large scale of fractured zone is scarcely found out. '

Judging from the solidity of the rock and the value of qu, steel support is
required for the colluvial and weathered rock layer in the portal position. However,
with regard to actual portal work, it is not critical work as far as judging from the
topographic condition and overburden thickness.

4.2 Diversion Tunnel from Poza Honda to Mancha Grande
(Refer to Fig. H.7 and H.8)

The tunnel with a 2.5 m in diameter and about 4 km in length is planned.
Tunnel rouie is located in the steep mountainous area of 200 m to 400 m in elevation
except the portal position. On the other hand, around the portal position (both inlet
and outlet) topographic condition shows gentle slope where the colluvial deposit
(landslide-like talus) and heavily weathered rock layer cover the ground surface.

In the basis of the result of seismic refraction survey and boring, geological
composition in relation to the tunnel is divided into 2 kinds, i.e. colluvium or
weathered mudstone in the portal positions and mudstone in the inner part of tunnel.
Rock classification and engineering properties are shown as follows.

Engineering Properties 4135%11;1 51013;2;’31 Inner part of tunnel
Rock type Colluvial Mudstone
weathered rock
Rock class D CL
P wave velocity Vp (km/sec) 1.5 21-23
Unit Weight .Y(g/cmB) 1.7 2.1 .
Unconfined compressive strength _ 10-20 60 - 100
7 qu (kgffem?)
Static elastic modulus Es (kgffcm?) 2,000 110,000 - 12,000

Permeability coefficient K (cmy/sec) 1x 104 1x 105

Similar to the tunnel from Cafia Dulce to Poza Honda this mudstone shows
crackless feature and large scale of fractured zone is not found, although minor

-H.8 -



shearing zone occurs locally. Since permeability is small, water flow by tunnel
excavation is a liitle.

According to the observation of boring core, this mudstone is apt to become
loose exposed to air, which means that steel support and/or coating work after
excavation by instance sholcrete are required.

Moreover for the portal work, as colluvium and weathered rock zone cover the
ground widely, closer arrangement of steel support and/or thicker concrete lining are
needed.

4,3  Diversion Tunnel from Ailtamira to Portoviejo River (Refer to Fig. F..9)

This tunnel route is planned from Altamira pumping station to Portoviejo
River (downstream of the Poza Honda dam). Tunnel changes to open channel in
three locations on the way (Tributary La Abeja, River Chamotete and River Chico).
Diameter and length of tunnel are 3.1 m and 21 km.

Tunnel route is selected in the mountainous area from 200 m to 400 m in
elevation.

Geological composition (rock type) in relation to tunnel is divided into 2
kinds. Those are colluvial or weathered sandy mudstone in the portal positions and
sandy mudstone inside part of tunnel. Rock classification and engineering properties
are shown as follows.

Portal position Inside part of

Engineering Properties Total 8 portals tunnel
_ 1,500 m in length

Rock type Coliuvial Sandy mudstone

_ weathered rock
Rock class D CL
P wave velocity Vp (km/sec) 1.5 21-23
Unit weight : v (g/cm3) L7 . 2.1
Unconfined compressive sirength 10 -20 60 - 100

qu (kgf/cm2)

Static elastic modulus Es (kgf/cm?2) 2,000 10,600 - 12,000
Permeability coefficient k (cm/sec) ix 104 1x 10-5
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Geological condition for tunneling work is similar to the tunnel route from-
Cafia Dulce to Poza Honda. The rock shows crackless feature and large scale of
fractured zone is not found, in addition, permeability is low. However, steel support
will be required for weathered rock zone.

4.4  Diversion Tunnel from Amarillos to Guarango (Refer to Fig. H.10)

This tunnel is planned connecting with long open channel from La Esperanza
dam to Amaritlos pumping station, Length of tunnel is about 6 ki and its diameteér is
2.5 m. Tunnel passes the gentle hill of Tosagua formation from 100 to 150 m in

elevation.

In this area, weathering is so heavy and deep. Outcrop of rock is not found. It
is critical characteristic that the rock in this area contains swelling clay minerals such
as montmorillonite and anhydride. According to the boring (carried out by Spain in

1986), rock type consist of calcareous mudstone.

Refering to the seismic sarvey and boring core observation, geological type in
relation to tunnel is divided into following 3 kinds.

(N Weathered mudstqne with much swelling minerals (in the portal positions,
-300 m in total length).

(2) Mudstone slightly weathered with moderate swelling minerals (Upstream side
of tunnel, 250 m in length).

3 Fresh mudstone with a little swelling minerals (5,500 m in length).

Engineering properties of each geological type (1), (2) and (3) are sh_qwn as
follows. '
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Geological (1) Weathered: (2) Mudstone slightly (3) Fresh mudstone

Type mudstone with weathered with with a little
swell mineral swell mineral swell mineral
Rock class E (soil) D (very soft) " CL (soft)
Vp (km/fsec) 09-15 1.5 2.1-25
y (g/cn3) 16 W 21
qu (kgf/em?2) 10 30 60
Es (kgf/cmz) : 1,000 - 2,000 _ 5,000 10,000 - 12,000

k (cm/sec) S 1x104 1x 104 1x 105

The key point of engineering geology in this tunnel route is occurrence of
swelling minerals. As a consequence very careful supporting system and thick
concrete lining should be carried out.

4.5  Diversion Tunnel from Daute-Peripa to La Esperanza (Refer to Fig. H.11)

This tunnel is planned from the Conguiilo river in the Daule-Peripa reservoir
to Membrilllo_river in the La Esperanza reservoir. Tunnel length is'about 8.3 km and
its diameter is 3.7 m. In the year 1986 Brasilian team investigated the geology of
tunnel route by borings.

Rock "typc in relation to tunne! level consists of fine sandstone andfor

mudstone. This rock is classified into medium rock from the view point of R.Q.D.

- and grade IV-III on the basis of Bieniawski's rock classification and it can be applied

to the rock of CL to CM class in Japanese criteria. Main engincering properties are
shown as follows, '

Unit weight ¥ =21 g/em3
Unconfined compressive strength — qu = 60 - 100 kg/cm?
‘Static elastic modulus - Es=10,000- 12,000 kg/cm?2

Permeability coefficient - K =1x10%-1x103cm/sec

According to boring core and outcrop of rock, it presents soft rock, however
‘massive and crackless condition, furthermore serious fractured zone is not found.

Since permeability coefficient indicates 10-4 cm/sec order in almost all part of

tunnel, a little quantity of water flow is foreseen and it is assumed that the quantity of
water flow is relatively much (20 liter per minute) in the following places where
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tunnel passes under the tributary, Those are tributary Perro  (about 1.2 km from inlet
point) tributary Canales (about 2.2 km from inlet point), tributary Lozas (about 5.8
km from inlet point) and tributary Mulatos (about 8,2 km from inlet point).

Judging from the solidity of rock, steel support is required for weathered rock
zone.

Itis expected that almost all section of the tunnel passes the fresh rock layer
above mentioned, however, within the portal position of the tunnel, rock is weathered
and loosened (D class in classification), where close arrangement of supporting is
required. Its length is estimated at about 300 m in total.

4.6  Diversion Tunnel from Downstream of Daule-Peripa to Poza Honda
(Refer to Fig. H.12) ' '

This tunnel is the latter part of the waterway from Lisondro river (at about 30
km downstream of the Daule-Peripa dam)-to Mineral river (in the Poza Honda
reServoir). Tunnel, 11.2 km long with diameter of 3.8 m, is _designed connecting to
the pipe line.

Geological condition in this tunnel route was also investigated by way of
borings of Brasilian team in 1986.

Through the whole route tunnel passes the very fine sandstone and/or sandy
mudstone of the Onzole formation. This rock is classified into CL o CM (soft rock
in solidity) and then engineering properties are nearly same as those in the tunnel
route from Daule-Peripa to La Esperanza (Refer to article 4.5).

As a result of ground surface mapping, large scale of fractured zone is not
found. In addition, there are few tributaries in the tunnel rouie and permeability is
small, consequently it is judged that problem of water for tunneling work: is small.
However, steel support is required because the rock is soft in solidi'ty.
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4.7  Chirijos Pam (Refer to Fig. H.13 and H.14)
(1) Dam type

Fill type dam of 35 m in height (from river level), 40 x 106 m3 in volume is
planned. ‘ )

(2)  Geological condition

In the damsite, riverbed is very wide and reverse trapezoidal topography is
shown. Slope of both banks is about 30 degrees. Base rock consists of mudstone,
and it is covered thick by'decomposed soil in both banks (about 20 m thick) and
alluvial soil in the riverbed (15 to 20 m thick). Below these soil layer, weathered
mudstone is underlaid with thickness of 10 to 20 m. Fresh rock lies 30 to 40 m deep
from ground surface. Engineering properties of each layer are shown as follows.

Engineering properties - Alluvial and  Weathered  Fresh

_ decomposed soil mudstone  mudstone
Rock class - D CL
Unit weight v (g/cm3) 1.6 1.7 2.1
Cohesion C (kgt/cm?) 0.1 1.0 5.0
Internal frictional angle - ¢ (degree) i5 30 30
Unconfined cbmpressive strength .0 10 60 - 100

o qu (kgf/cm?2)
Static elastic modulus ‘Es (kgffcm?) 200 2,000 12,600

Permeability coefficient - k (cm/sec) 1x103 1x104 1x105

(3)  Engineering matters for dam foundation

Judging from the étiength of fresh mudstone, fill 'typc dam is recommended.
Alluvial soil and weathered rock layer is too thick for the gravity dam. In addition,
slope stability is to be considered. Especially in the left bank, slope protection work
will be required. ' -

(4) - Embankment materials

It is judged that mudstone near the dam site is suitable for impervious material
and volume is enough. On the contrary, rock and sand material cannot be found out
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near the site. The nearest location of rock material existing quarry (town Picoaza) is
about 40 km far from the damsite. In case of using this quarry, sand must be
produced by crushing.

On the other hand, natural material of sand and gravel are found in the
Quevedo town, about 150 kin far from this site.

4.8  Severino Pumping Station

Geological condition near this pumping station appears good, that is why
relaﬁ#ely hard sandstone, class CL-CM outcrops in the backside of proposed
pumping station site. Although some boulder layer (talus) about 5 m thick overlies
near the river side (Severino river), foundation of facilities is easily placed on the
fresh rock layer. Uncompressive strength and permeability are 130 kg/cm? and 1 x
10-5 cm/sec, respectively.

4.9  Open Channel & Siphon from Severino to Caiia Dulce
(Refer to Fig, H.7 and H.15)

(1) Open Channel Route

Geological type in relation to the open channel facilities cdnsi_st-of colluvial
decomposed soil (heavily weathered mudstone) and weathered rock layer. As aresult
of test pitting and geo-surface inspection, these soil layer have approximately 4 m to 5

m in thickness and gradually transferred into weathered rock layer,

Soil mechanical test was carried out in the colluvial and decomposed soil
layer, 2 meters deep from ground surface.

Features of engineering properties of the soil are shown as follows.

(a) These soil is classified into CH and MH-(Clay—siii) on th_é basis of
unified soil classification. : '

(b)  There is a possibility of expansive soils from the view point o_f'
shrinkage and swelling factor, in some places.
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{c) Silt and clay show the permeability coefficient of some 1 x 10-6
cm/fsec to 1 x_10'7 cmy/sec, therefore it is classified into impervious
soil, so none seepage is expected from the canal.

(d) The suitability of embankment material should be judged in
accordance with the degree of volume change (VC) as indicated in

. Table H.5 and H.7. As long as this criteria is applied for soils
regarding the route of canal, these silt and clay are not suitable for
embankment material because severe and harmful shrinkages are
cxpected.

(e) With regard to the characteristics of soil in a sense of expansion and its
Suitability as foundation material, two (2) test were carried out, they
are: PVC and swelling test and also index properties were taken inio
account, as shown as follows:

. : Swelling Classification
Test WL Pl % Passing Expecting according to: ' Possible
Pit % % #200  Swelling PVC - Swelling Volume
Number Potential Pressure ~ Change (V) Classification
C-1 89 36 100 High NC  Low Low NC
C-2 15 26 97 Medium VC  Medium Medium C
3 71 35 37 High VC  Low High C
c4 91 43 97  Ditto C  Medium  Ditto C
cs 76 23 93 Medium  VC Low Medium c
c6 8 37 9  High C  Medium  High c
c7 4% 12 34 Low NC  Low Low . NG
c8 6 20 75 Medium  VC  Dito Medium c
c9 67 22 - 89  Dio VC  Medium  High c’

It is possible to state that these silt and clay along the open channel
route show critical swelling condition, consequently concrete lining
will be damaged, for this reason it is recommended some
countermeasures such as: replacing the swelling soil with non
swelling soil or changing the properties of expansive soil by chemical
injection or increasing the density of soil by compaction control. It is
strongly recommended for the D/D, to perform more detailed soil
investigation, layer by layer and very controlled laboratory swelling
test.
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43) Average value of natural moisture contents (Wn) is 32%, while
average vatue of optimum moisture content (OMC) is 29%, then Wn is
larger than OMC. Thus, earth moving works, particularly
embankment work should be done in dry season only and all
compaction works have to be performed at dry densities.

(g)  As far as the result of double hydrometer test and total dissolved salt
analysis, clay-silt of test pits C-3 and C-4 show some degree of
dispersibility but not so high consequently, it seems that those soils are
not so dangerous in order to use as embankment material from the
view point of erosion and piping. However pinhole tests were
performed, and these soils show nondispersive condition.

(h)  According to the results of triaxial test, considering the slope stability
analysis, it is possible {0 expect that mostly of soil have angle of
internal friction ranging from 5° to 25° and cohesion from 5 ton/m? to
13 ton/m?2 which keep stable slope. For the gradient of slope from [:1
to 1:1.5 are recommended. | |

{2) Siphon site

Siphon site was investigated by mean of one borehole (BZ), standard
penetration test and laboratory test were also executed. The N-value goes from 7 .to
25 in the alluvial layer of 9 m. The most suitable layer for the siphon to be placed is
that with N between 10 and 25, that means between 7 m and 8 m depth and also this
layer has good bearing capacity. The permeability is quite high (k = 3.7 x 103
cmy/sec) and then good drainage system has to be provided during construction.

(3)  Headtank
SPT was performed and N-values varies from 14 to 34, and the rock top is

found at 5.30 m below the ground surface, From the_view point of N-value it is
recommended that the head tank is placed inio the rock layer.
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4.1¢ Earth and Rock Materials
4.10.1°  Dam embankment materials

Good impervious material originated from weathered sandstonc and/or
mudstone is abundantly obtained in the vicinity of the damsite. On the other hand,

with regard to sand (filter) and rock material, two possibilities are consid'cred, ie.

)] Use of existing quarry (town Picoaza), and (2) use of river deposit (town
- Quevedo). Conditions of each site are summarized as follows,

Site Geo-Type Quality Quantity  Distance
(1} Picoaza Basalt Good Enough 40 km
crushing for sand
(2) Quevedo Andesite Good Enough 160 km

origin sand gravel

4,10.2 Concrete aggregate |

As well as sand and rock materials above mentioned, regarding concrete
aggregate two alternatives are considered i.e. (1) use of existing quarry (town
Picoaza), and (2) use of river deposit (town Quevedo).

5, GEOLOGICAL CONSIDERATION FOR DESIGN AND CONSTRUCTION
5.1 New Austrian Tunnelling Method (NATM)

For the tunneling work intended for the soft rhuddy rock, NATM is regarded
- to be more effective for prevention of tunnel collapse. NATM is a kind of supporting
work by shotcrete with rock bolt after excavation and in accordance with the rock
strength, arrangement of shotcrete, rock bolt and stecl support are designed, In this
tunneling work, the foliowmg 4 types are selected.

(1) shotcrete + rock bolt, rock bolts are driven in the upper part of the tunnel +
concrete lining

(2)  shofcrete + rock bolt, rock bolts are driven in both upper part and sxde wall of

_ the tunnel + concrete lining

%)) shoterete + rock bolt + steel support (H125 spaced 120 cm) + concrete lining

G shotcrete + rock bolt + steel support H 125 spaced 100 cm) -+ concrete lining
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In case of hard rock, steel support can be omitted, however with regard to this
tunnel unconfined compressive strength is 60 to 160 kg/em? therefore steel support is
also needed in some places. Especially in the portal position and fractured zone
(assumed qu = 30 kgfcm2), close spacing steel support is added.

In the tunnel from Daule-Pelipa to Esperanza, Caiia Dulce to Poza Honda and
Poza Honda to Mancha Grande, regarding the arrangement of support 4 patterns
(1)~(4) are designed. On the other hand in the tunnel of Guarango, throughout the
tunnel, steel support should be placed more closely in addition to shotcrete + rock bolt
that is why swelling minerals is contained.

52  Earth Work for Open Channel

As mentioned in the article 4.9, geological type in relatidn to the open channel
are composed of clay-silt and weathered rock (mnainly mudstone). From the view
point of earth work engineering characteristics of those geological types are shown in

detail as follows.

( i) Clay-silt layer has a possibility of expansive in some places which is critical
for the earth work, in case of water absorption.

{2)  Weathered rock layer underlying below the clay-silt layer is firm enough for
the foundation of the canal.

3) In case that canal foundation level is upper than weathered rock line level,
replacement of clay-silt will be considered.

4) Clay-siit itself is not suitable for embankment material.

(5} Weathered rock is available for embankment material, moreover tunnel
excavation rock is useful for embankment, '

(6) Base course setting by hard crushing stone under the concrete of canal is
effective for stability of the canal. ' '

(7)  Both clay-silt and weathered rock have relatively strong cohesion in dry
condition, however in wet condition its cohesion is extremely decreased, as a
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consequence covering work such as sodding and/or shotcrete with drain holes
is needed for the cutting slope.

(8)  Considering the swelling, prevention work against the water permeation
through the clay-silt layer will be required in some places.

-H. 19 -
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Table H.3 Rock Classification Based on P wave Velocity Bieniawski"s Rock

Classification

A} Rock Classification Based on P wave Vslocity

B} Bieniawski's

GHPpTro
X003

1.0

20 30

P wave Veiocity. {\Vp, km/s)

40 S0

29

Sl jerla

N ]

Rock Cldssiﬁcaﬁon

Rating

100+ 81

80+ 6]

&0+ 4]

40+ 2]

{20

Class N2

m

v

v

Desérlpﬂon

Very good rock

Good rock

Fair rock

Poor rock

Very poor rock _

MEANIG OF ROCK

MASS CLASSES

Class N2

I

v

v

Average stand up~time

10 yzars for I15m span

E6menths for 8m spon

|week for Sm span

o ho&ser.ﬁmqam

B0rminutes for im span

Cehesion of the rook moss

> 400kPa

300~ 400kPa

200 - 300kPa

100~ 200kFg

{ I00kPa

Friction angle of the mck maﬁ

Yy 45°

350_455

25°-35°

159 - 280

¢ 150




Table H.4 Contents of Soil Mechanical Test

Sample NO Location Sampling Method pMumber of | % Item of Soil Test
Samples
PS{B1) Pumping Station (Shelby, undisturbed 2 1,2,3,4,5,6,7,8,9,10
0+080
T{ST) Head Tank Disturbed 1,2,5,6,7
Si(B2) Siphen Shelby, undisturbed 2 Ditto
c-1 Channel Test Pit, disturbed 1 1,2,3,4,5,6,7,8,9,11,
04637 and undisturbed 12,13,14,15,16,17,18
¥%C-2 Channel Ditto 1 Ditto
14225
C-3 Channel Difto 1 Ditto
14748
C-4 Channel Ditto I Ditto
24223
C-5 Channel Ditto 1 Ditto
2+799
C-6 Channel Ditto 1 Ditto
3+705
$5C-T Channel Ditto i Ditto
4+422
Cc-8 Channei Ditto 1 Ditto
1543386
c-9 Channel Ditto 1 Ditte
5+881
* ITEM OF SOIL TEST ASTM
1. Unified So0il Classification
2. Moisture Content Test D2216
3, Specific Gravity D854
4, Unit Weight {wet & saturated) ?
b, Particle Size Analysis p422 D421
6. Ligquid Limit Test D424
7. Plastic Limit Test D423
8. Unconfined Compression Test D2166
9, Triaxial Compression Test {uu) D2850
10. Consolidation D2435
11. Compaction Test 11557
12. Shrinkage Factor Test D427
13. Potential Volume FH A 701
14, Swelling Test D4546-85
15. Pinhole Test for dispersive clays D4647-87
16, Laboratory Permeability Test D2434
17. Double Hydrometer Test for dispersive clay  AASHTO
18, Chemical Analysis for digpersive clay T217
¥¥ Test Pit located at crosgsing streams T100







Table H.5 Summaiy of Soil Mechanical Test

Sarmgls | Depth Ge;log Classi. Density Ge Wn Auctberg Limits Shrinkage pVv.C Swelling bPﬁ?lnea- ; Triaxial SPT. Compaction HD;;;I:;L T.Dissolv.Salt _— Consolidaton
No. (m) Soil | Bl b @ L w | owe P ws | Ls | vc Po | PVC]| P v Ky l;lm" C ¢ N yd |omc (fy)iSperS- Na | TDS Te.sfm Ce Cv
Type yn? | ym® % % Yo % % % [ kpfem? Wmd | % |(emisec) t/m’ deg wWm® | o |pacaw®%| % | meq/l kpfom® mm?/min
SH.1[0.40-0.50 ML 267 | 331 46 29 17 - 45 8 4 070 { O.11 | 2.40-1.60
*PS (B1) Co S 15 ;
$H.2| 0.90-1.40 MH 27 | 208 59 39 20 . 43 5 9 080 | 0.15 |4.90-2.50
0.55- 3 49 37 12 - . 14 - -
#§T # IML-MH -
530 35 84 46 38 - 34 -
SH.1| 0.40-1.00 MH 272 28.1 53.3 311 222 - - - - - -
*Si (B2) » 15 -
SH2{1.452.00 MH 274 | 313 | 539 | 351 | 188 - - - -
1} 1.80-2.00 MH 1.65 | 1.68 § 241 42 g9 53 36 iz2.1 170 | 748 0.82 1.8 5.4 1.31 8*107-6 6 6 10 17.6 71.6 | 2.488 ND1 - - -
ci Co Clay ' )
2} 1.00-2.00|si  |CH 32 97 | 38 | 59 7.8%10%7 1426 | 270 - . -
1 1.80-2.00 MH 166 | 170} 244 37 5 49 26 15.3 113 432 275 1.0 15.5 402 |3.8410M6] 14 6 13 378 706 | 0455 NDI - - -
c2 Co Silt - _
21 0.60-2.00 MH 32 87 39 48 4.2%10n7 1.420 | 28.1 - -
1} 0.75-1.00 MH 1.80 | 180 2.55 37 71 36 35 9.8 10.8 41.0| 435 >9 12.2 6.24 16.7*1046 9 6 5 88.7 254 | 0.599 ND1 - - .
3 » -
2{0.30-2.00 MH 21 87 39 48 6.0*10~7 . 1434 | 27.6 - -
1{ 0.80-1.10 MH 1.64 1 1641 2.36 48 91 48 43 9.2 4.7 61.2 1N 4.4 236 5.1 {10406 8 5 0 719 308 | 0635 NDI - -
C4 #
210.40-2.00 MH 33 86 39 47 6.2*4100-7 1382 | 29.2 - -
11 1.60-1.85 MH 164} L6} 246 44 16 53 23 i6.0 12.7 50.4 3.48 83 1.7 484 {74%10~7] 13 13 0 312 422 1 07731 NI - -
C5 Co Clay
2{0.40-2.00| Silt CH 37 87 37 50 5241007 1.405 | 29.0 - M
1] 1.10-1.3¢ MH 1.61 | 1.67] 233 Kh 87 50 37 13.5 11.9 46.3 323 56 23.7 | 635 |1.8%0n6) 28 11 24 65.5 43.0 1.95t ) NDI - - -
cé " ' .
21 0.70-2.00 CH 30 102 39 63 9.8%100-7 1.407 | 2715 ) - -
111.00-1.25 SM led | 174 262 37 46 34 12 25.9 6.5 222 0.06 0.0 i4 0.74 |5.0¥10~5 3 6 13 275 17.1 1324 ND1 -
(64 o -
21 0.20-2.00 CH 25 57 29 28 3341005 1478 | 256
14 1.35-1.60 MH 1.57| 160 242 50 69 49 20 227 2.4 343 279 7.1 99 275 |5.6%10~7 5 3 10 213 223 | 072 ND1 - -
C8 Co Silt -
2{ (.45-2.60 MH 35 69 36 33 . 1.3“19;"-7 1.330 { 31.0 - -
11 0.85-1.10 MH L70 | 170 2.41 43 67 45 22 16.0 105 39.7 6.43 >9 16.1 8.47 19371047 7 7 17 51.2 302 1 09631 NDI1 - -
C9 1 -
2] 0.50-2.00 MH 32 81 43 38 761001 1.274 | 347 -
NOTE: *pg(B1): Pumping Station (Boring No. B1) ' y1 : Density in natural water content. 7y sat: Density saturated  Gs: Specific gravity.
*ST: Head Tank (SPT Test, maximun and minimum values) Whn : Nawural water conterit,. WL : Liguid limit. WP Plasticity limit. IP-: Index of plasticity. Po: Equilbrinm pressure.
*Si (32): Siphon (Boring No. B2} WS : Shrinkage limit. LS: Linear shrinkage. VC: Volume change. pPVC: Potencial volume change. P: Swelling pressure. TDS : Total dissolved salts.
SH: Shelby Y : Swelling volume change. K: Permeability coefficient. qu; 'Uncon.fined.compmsivc strength. . Cc:lCcvmpressiﬁn index.
C : Cohesive strength. ¢ @ Angle of internal friction. y d: Maximum dry density. Pp: Preconsolidacion pressure.

2
Co :

1 : Undisturbed sample

Intcgrated sample
Collovial

OMC : Optimum moisture content.

Cv : Coefficient of consolidation.

ND1 : Nendispersive,



Table H.6 Unified Soil Classification Chart

UNIFIED SOIL

CLASSIFICATION

INGLUDING IDENTIFIGATION AND DESGRIPTION

HIGHLY ORGANIC S01tS

fraquently by librous taxture.

FIELD IDENTIFIGATION PROGEDURES A TYPIGAL NAMES INFORMATION REQUIRED FOR LABORATORY GCLASSIFICATION
(Excluding porticles larger.thon 3 inches and basiag droctions on estimated weightsl U ) DESCRIBING SOILS CRITERIA
; . . - De
c . 2 ° Wide range in groin size ond subsientiol omounts GW Well groded grovels, grovel-sond mixtures, Give typicol name ; indicote approximale Cu Eg« Greater than a

L) }9; s £ z = of oll intermediote particle sizes. little or no fines. gercentages of sond c'md qruvg.lf‘.mdx. 6o = {030)® petween one and 3

z 3v & & 5°n ] size, onqulority, surfoce condition, za ©* Bt O

= e 2 ® e o A . | ded | l-sand mixtar and hardness of the coarse grains; 35 o

@ 22 3 T < Pret?ommant Yy one size or o range of sizes GP Po(_)r y graded gravels, gravel-sand mixtures, local or geologic nams and other @2 e Not meeting all gradation requirements for 6w

ES agLr o w3 with some mntermediate sizes missing, little or no fines. pertingnt descriptive information; n= ,:., 5 “

= A ©w . A v —

; g ? z ;’ 2 and symbol in porentheses. £ 2 z Exé A " -

o z o & X b Non-plasti¢ Fines {for identification procedures Siity grovels, poorly graded grevel-sand- ‘g,.i, B oo Attorberg limits below A fine, s )

o & =0 = S GM R . = a v oan Above "’ line with
g g2g 2 z, 2% see ML below). stit mixtures. 5 2y V33 or P1 less than 4 Pl between 4 and 7
-z =z gt 9 w 25 2& ¥ S a
o 5 @ IR N - - . 3 hal® ore borderline casés

= £ o > [ TS N f o e A= . . v aeregrine
2 2 s g (uw 2 H Plastic fines {for identification procedures - Clayey gravels, poorly graded gravel-sand~ F°;\”:;jr';:i”1ri:2‘:i::";:;:B'"Qf;:{:;?;_ §2% 3¥ 50 Adlerberg limits obove "8 line requiring use of dual

T e 5 < E i v or 5 - Pa i symbaols.
Wost s 32 s (& &5 see CL below). clay mixtures. hase. cementation. moisture conditions | _ | 2 § ; 53 b wnth. Pl gregter than 7 y
a 5 op— L and droinage characleristics. el B—35 >
z 2l g o i ? Tleaoz Go = B Greater thon &

'f, w 2 5§ o b4 Wide range_in groin sizes ond substantial SW Well graded sands, grovelly sands; liftle or wjze 3 LR T . reaier ihgn

w5 & te £ X 2 omouats of oll intermediate porticle sizes. ao fines, 2iEE g G = I::l)suln Betwean one ond 3

w oy e e gula s - e R — for Vs

®r @ = . .M @ . . . . s e

€ 5 o g 8w z e Predominantiy one size or @ range of sizes with Poarly graded saunds, gravelly sonds, little or EXAMPLE: . glegzs ) ) )

3 £ 7 gv Seolw 57 some intermediate sizes missing. sp no fines. . Silty sand, gravelly; obout 2o hard, | — | SE = Not meeting oll gradation requirements for Sw

B S|h s £2le = angalar gravel particles }-in. maximum} 3 | E 8 5 # 8

= Glz 5 @ ize: : o2 .,

2 Slacg S| 3 Non-plostic fines (for identification procedures i PR anﬁ'sumnt?m?z o Aslzesssa Atterberg limits below "" fine Above "A" ling with

c el 9+ dg|x E tow) SM Silty sands, poorly groded sond-sift mixtures. grains coarse fo fing; obout 15% non- | & | & &'y 2 5 o o1 foss thon 4

§ o -E 5 5 =4 ;m 2= see ML belowl} plastic tines with low dry strength; 2lesd =% or gss than Pl b:twdeer[\ 4 gnd ?

= % = 2 woebd ist i . ES a® are dorderline cases

: 2 £F Sfiefic pro—- . bRl F Y 3 - F I R I TR

3 .. @@ ofZw 3 Plostic fines [for 1dentification procedures ~ ) . i EZlh 8w erberg limits obove A’ lins symbols.

= I g_e‘_’ ] = E g see CL below). 5G Gloyey sands, poorly graded sond-cloy mixtures. g S8 with PL greater than 7 ¥

) - = . -
| : c
% I\DENTIFICATION PROGEDURES ON FRACTION SMALLER THAN No. 40 SIEVE SIZE _:__:
-

e = “DRY STRENGTH DILATAHGY TGUGHNESS B

= {CRUSHING {REAGTION {CONSISTENCY -

w5 GHARACTERISTICS) T0 SHAKING) NEAR PLASTIG LIMIT) o

e 2 o

b4 . ) . :

e o 1 ic siits and fing sands, rock flour, sitty Give typical name; indicate degresond | £

2 »n . . norganic silts and very ' ) ive typ H g an =

5w b None to slight Cuick to slow None ML ; ith shi stigit losticit E

< or clayey fine sands with slight plasticity, character of plesticity, emount and &=

e & 3 £3 : moximum size of coarse grains;color § €

& = o E T - St - o

s 7 o - & - o N in wef condition , edor if any, local or | B T F T 1 I T —>]

z @ T £ ) . . inorganic clays of low to medium plasticity, gravelly ic nome. and othar pertin o | COMPARIAG 30113 AT EQUAL LIGUID LIRIT i
w S <« 5+ Medium to high Hone fo very slow Medium cL i 1 I geolagic nome, s P ent = b-—- Toughnass and dry trangth incregss
:_; 5 3 @ .Yﬁ clays, sonqy clays, silty ¢loys; tean clays. descripfi';e information; end symhol g sof——"_ Sk increauing planticity inden. v\‘\g’,

~ - in parentheses. .

g 3 § :U;J ’ 3 IS 1] ""

g3 ; ; ; ic si ic silt-clays of low : k4 w A~

w g ; Y 4 | Organic silts and organic s y ) . ) ) i w

z & g Slight to medium Slow Slight oL plasticity. For undisturbed soils odd infor matign - = i

o @ on structurs, stratitication, consistency | & > 30

3 £ in undigturbad ond remolded siates, | & = - -
[T . . : . ic si ic v di 5 tine i and drainage conditions, @ o

2 5 Slight o medium | Slow to none Slight to medium MH Inorgonic silts, micaceous or digtomoceous fin maisture 9 Hiens u e 1 > [ia

c E b o sandy or silty soils, elastic silts. « — 5 =

- r

b 14 = o o wH

= g EB EXAMPLE:~ : 10 oL

= o EZ . Lo . TR i T .

g 2 o High fo very high None High CH Inorqanic cloys of high plasticity, fat clays. Glayey silt, brown, slightly plostic; . T e i

g < 3@ small percenlu'ge of fine sand o5 o = 33 = = = T = To

* w T g numesous vertical root holes | firm Liauie UMIT

g i 4 . ‘ . . and dry in place; loess; (ML) PLASTICITY CHART

b3 w Madium to high Nong to very slow | Slight fo madium OH Organic cloys of medium ro high plasticity. FOR LAGORATORY CLASBIFICATION GF FINE ONAINED BOILS

Readily identified by color, odor, spongy feel ond Pt Peot and other highly orgamic soils.

—eel

& Boundory classifications:- Soils possessing characteristics of dwo qroubs are designated by combingtions of group symbols. For exampls

& Al siave sizes on this

chart ere U.S5. standard.

GW-6C, wall graded graval-sand mizturs with clay binder.

ADOPTED 8Y:- CORPS OF ENGINEERS AND BUREAU OF RECLAMATION - JANUARY 1952



A)

B)

C)

.D)

pl.

b3.

Table H.7 Criteria for Expansive & Dispersive Soils

Shrinkage Facitor: Volume Change

VC: Volume change (%) Criteria
5 > VC Good
0 > vg > 5 Medium
15 > vC¢ > 10 ad
ve o > 15 Vary bad
P.V.C (Potential Velume Change)

< 2 NC )} Non critical
2 - 4 M) Marginal
4 - 8 VC} Critical

> 6 vC Very critical

P = Swelling pressure (T/m2} Criteria V = Volume change (%)
< 15 Low <1
15 - 25 Medium 1 -5
25 - 100 High 5 - 10
> 100 Vetv high > 10
Dispersibility
Double Hydromeier Test
DI (Dispersive Index) criteria
DI > 67 Very unstable
67 > DI > 34 Medium
DI < 34 Stable
Soluble Salts in Pore Water (CatMg+Na+tk)
Va(lOO)
PS = Percent Sodium = ——=—---ro-m—- Criteria
Cat+Mg+Na+k
PS < 40 Nondispersive
60 > PS > 40 " Dispersive- nondlqpnlslve
Ps > 60 Dispersive

D1 Vtrv dispersive

D2 hly dispersive

ND4 erately digspersive
NDJ Sllohtly dlsper31ve ,
ND2 Very slightly dispersive
ND1 Non dlspcr31ve
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Figure H.4 Location Map of Seismic Refraction Survey
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