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ESCUELA POLITECNICA NRCIONQL
" FACULTAD DE: lNGENIERlﬁ CIVIL
LABORQTORID DE MECANICA DE ROCAS

PROYECTO " TRéSKs‘F’-\‘%ES I‘IQNQBI "

- COMFACTACION

TIFD DE ENSAYO: FRDCTOR ESTANDAR

[J

B.&0-0, 20
FESO MARTILLQO
ALTURA CAIDA

FROFUNDIDAD:

rJ
el oea

MOLDE No:
VOLUMEN (cm3)
FESO {gr)

[
LA A

W-n n

GOL.FES FOR CAFA

s

DATOS FARA LA CURVA

\FESO HDLDE + SUELG HUMEDD (g¢)
* ______________________________

FESO SUELO. HUNEDO {gr)
it et

7 HUREDAD FROWEDIO (%)
+_.—. —————————————————————————————

'DENSIDAD HUREDA (gr/cm3)
+———~7 —————————————————————————

DLNSIDQD,SECA (gr/cmo)
e n e b i e e e v oA ke e e e s e

+...- +- LR L ‘e m- *I
R e i S

DE&SIDHD SECA MAXIMA:
. HUMEDAD OFTIMA:

1.16 g/cm3

Wy
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ESCUELA POLITECNICQ NACIONRL
FACULTAD DE INGENIERIA CIVIL
LQBDRATDRIO PE HMECANICA -DE ROCAS

PROYECTO " TRF}SU@SES MANAB I "

COMFACTACION

"TIFO DE ENSAYO: FR
ENVID
SONDEQ: -
© BLOQLE

OCTOR ESTANDAR
c-22
M-1

- PROFUNDIDAD: 0,40-3.90

CURVA DE COMPACTACION |

C22; M1

MUESRTA

. i

| . 0
a ey
"""" 8 2.
o [
| g |81
h §
- g9 |1
i 2
R IS NN SO S S __“_ggn- { :
. 9 [of
) & s
X -~ B
s il
—= - s ..... ,
% i
o §
. L | ®

3
R A - -
- v = oy - -

(ewo/1B) ¥oIS AvVAISNIQ

A
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()

ESCUELA PGLITECNICA NﬁCIGNﬂL
FACULTQD DE INGENIERIA CIVIL
LABGRQTORID DE MECANICQ DE ROCAS.

PRO\ECTO “TRQSUQSES NﬁNﬁBI“

" COMPACTACION

TIFO DE ENSAYD: FROCTOR ESTANDAR
ENVIO

" BONDED: (i

BLOGUE ! M-

FROFUNDIDAD: 1.20-1.50

MDLDE No: 2 FESO MARTILLO
VOLUMEN (cam3) 944 ' ALTURA CAIDA

FESD (g} 4240 No. CAFAS

GOLFES FOR CAFA

0 R

non
r2
el e
il @

o in

DATOS FARA LA CURVA

mE it -

'PESO MOLDE + SUELQ HUMEDT (qr)! 43B82.0 | 6373.0 | 4500.8 | 6615.0 | 4546.08

Fomm e e e e e e e - P Fo—mee st m—— R Rt bbbk +
: v PESO SUELO KUMEDD (gr) | 1342.8 ! 1415.8 | 1548.8 | 1655.8 | 16046.0 |
Fommmme e R i R L R et EEE LS I St e dm e o +
: ©HUMEDAD PROMEDIQ (%) ! 26.86 § -31.76 | 48.46 | 47.97 [ 91.98 |
e e e e e e e e e ale it Fmm e R e T it Dol +
: DENSIDAD HUMEDA (gr/ce3) | 1.39 1 1,47 |  1.68 1  1.72 ] 1.67 |
o e e e e e $ommm el e R e T +
: . DENSIDAD SECA (gr/cs3) | 1.18 ) 1.11 ) 1,140 1.1 1 1.1@ |
R bt L L B L R et frm—————— o fum e temmm———— +

DENSIDAD SECA MAXIMA: 1.16 g/em3

- HUMEDAD OFTINMA: 46.8 %
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ESCUELA PDLITECNICR NHCIDNQL
FACULTAD DE INGENIERIA CIVIL
LQBDRATDRIO DE MECANICA DE ROCAS

'F’ROYECTO " TRﬁS\-’f’%SES !‘iéNﬁBI "

COMFACTACION

" TIFD DE ENSAYD: FROCTOR ESTANDAR

ENVIO
-SONDED:

- BLOQUE :
FROFUNDIDAD

]
- X
O
st

o
n)
)
1
b

CURVA DE COMPACTACION}

C-23; M1 ¢

MUESRTA

55

45

™
40

35

”~y,
[T -4

1.18

(‘g = ('! : 8 8 3 8 T A
- e LB S 10
N

(£Wo/1B)

<

03$ AVAISNI0 i

HUMEDAD PROMEDIO (%)

® Sdmax = 1.18 gr/cm3 —+— w% opt = 46.0 % N

»



ESCUELA POLITECNICR NﬁCIUNﬁL
' FﬂCULTﬁD DE . INGENIERIA CIUIL
a' : LABDRATORIO DE" HECANICQ DE ROCAS

. F‘RD\ECTD "TR#’\C}UQSES I‘léNﬁBI"

COMFACTACION
T1F0 DE ENSAYO: FROCTOR ESTANDAR
. ENVIO 2
SONDEO: c-24
ELOQUE: M-1 .
FROFUNDIDAD- 1.850-1.80
MOLDE No: FESO MARTILLO = 2.5
VOLUMEN (cm3) = qaa ALTURA CAIDA = htr
FESQ (gr) = 49460 No. CAFAS = =
' GOLFES FOR CAFA = 25

DATOS FARA LA CURVA

()

+
+
P : :
+ . + e
: FESO SUELO HUMEDO (gr) | 1422.8 | 1520.0 | 1879.8 | 1683.0 1 1623.8 o
D s et e T E e From e T formmm———— +
A HUMEDAD FRONEDIO (%) | 21.53 | 27.42 1 33.98 1 4l.61 ! 47.%2 14
-i———-'--l ————————————————————————— fommem T B s Saleltataiataty it +
: DENSIDAD HUMEDA (qr/cn3) | 1.48 |  1.58 1 1741 1.75 1 1.88 .
+-——4—————-~—--——"—4 ——————————— o mmm fumm—m o T domm e +
. DENSIDAD SECA (gr/en®) i 1.20 % t.24 1 138 1231 L.l
e et T ST purrm fom e o 1
DENSIDAD SECA MAXIMA: - 1.31 g/cm3
HUMEDAD OFTIMA: 36.@ %
- R 2140 O/
Ing. GERMQN LUN H.
JEF L
\ e
R

()
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POLITECNICA ‘NACIONAL
FACULTAD DE INGENIERIA CIiviu
LABORATORIO DE MECANICA DE ROCAS

SCUELA P

T W

PROYECTO “TRASVASES MANABI"

COMFACTACION
TIPO DE ENSAYQ: FROCTOR ESTANDAR
ENVIO 2

SONDEO: C-24
 EBLOQUE: M-1
FROFUNDIDAD: t.50-1.8

N i ¥EFTITE g

45

40

HUMEDA_D PROMEDEQ (%)

30

"MUESRTA: C-24 ; M-1 |

. .:_
=
5
=
S
O
=]
=
<
o
=

@ Sdmex = 1.31 griemd —— w%opt= 380 %

25

N

- — e

(swouﬁ) VOIS QVaISNIA

1.2
=

}
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swELLING TEST
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~ UNDISTURBED SAMPLE



ESCUELR PBLITECNICA NACIONQL
FACULYAD DE. INGENIERIA CIVIL
'LABORATORIO DE MECANICA DE ROCAS

P ——
R B S S E 0 o W SR ST LR SOt T S 0 LSBT R L B S DI Lt oK

PROYECTO “TRQb\»’ﬁHES MANABI™

PROYECTO: "TRASVASES MANABF"

. FECHA: ENERO 1994
SOLICITADO POR: HIDROSUELOS

{ HINCHAMIENTO EN SUELO
CALICATA . C-22
_ MUESTRA . . M-1
PROFUNDIDAD (m) _ - 0.60 - 0.90
TIPO DE ENSAYO ' CAMBIO VOL. NULO
ALTURA (cm) 1.595
DIAMETRO (cm) ' 6.330
AREA(cm2) - b 31470
PESQ INICIAL (gr) S 86300
PESO FINAL (gr) £0.300
PESQ SECO (gr) 60.600
HUMEDADINICIAL (%) 42409 a
HUMEDAD FINAL (%) : 48.185 -
PESO UNITARIO (gr/cm3) - 3 1719
PESO UNITARIO SECO (grfcm3) - 1.207
FUERZA MAX. HINCHAMIENTO (kg) 78.600
PRESION DE BINCHAMIENTO (kg/em?) - 2.498

o uw/'g
ING. GERMAN LU
JEF ‘/ELAﬂO RIQ _

S 4
*
2

u .
-

21)
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ESGUELPA POLITECNICQ NACIONAL
‘FACUL TAD: DE "INGENIERIA CIVIL

'LﬁBuRaronxn-DE MECANICA DE ROCAS

F‘RUYECTU h ?RﬁS\t‘ﬂQES MANABI®

PROYECTO: "IRASVASES MANABI"

FECHA: ENERO 1994 :
SOLICITADO POR: HIDROSUELOS

~ HINCHAMIENTO EN SUELO
CALICATA - C-23
- MUESTRA M-
- PROFUNDIDAD (m) T 7 1.20-1.50
"~ TIPODE ENSAYO - CAMBIO VOL. NULO
" ALTURA (cm) e
- DIAMETRO (cm) 6330
. AREA (¢m2) 31470
~ PESOINICIAL (gr) $9.200
~ PESO FINAL (gn) 193,200
~ PESOSECO (gn) 61,700
HUMEDAD INICIAL (%) 44571
- HUMEDAD FINAL (%) 51,053
" PESO UNITARIO (gr/cm3) : . 1.696
____ PESO UNITARIO SECO (gt/fem3) . 1,173
"~ FUERZA MAX. HINCHAMIENTO (kg) _ 43.040
PRESION DE HINCHAMIENTO (kg/cm2) " 1,368

ING. GERMAN LUNA

JEFEDELABO RIO




' ESCUELA POLITECNICA NﬁCIUNﬁL
FACULTAD DE’ INGENIERIA CIVIL
LABDRP!TORIO DE MECANICA DE ROCAS

PRB\ECTD "TRAQ\:"EQE‘S A \!ABI“

PROYECTO: "TRASVASES MANABI"

~ FECHA:ENERO 1994 =
SOLICITADO POR: HIDROSUELOS =

— HINCHAMIENTO ENSUELO™ C - |
CALICATA il C-24
MUESTRA ol M
~ PROFUNDIDAD (m) o) 1150180
" TIPO DE BNSAYO ~. | CAMBIO VOL. NULO
ALTURA (cm) o 1627
'DIAMETRO (cm) | 6330
~ AREA (cm?2) o 31470
PESO INICIAL (gr) - 86,700
~PESO FINAL (g1) R - 90.300
" PESOSECO (gr) ] 57500
THUMEDADINICIAL(%) -~ | . 50783
~ HUMEDAD FINAL (%) 57.043
PESO UNITARIQ (gr/em3) - Sl 1693
PESO UNITARIOSECO (grfem3) . {1123
FUERZA MAX. HINCHAMIENTO (kg) | . . 16064 -
PRESION DE HINCHAMIENTO (kg/cm?2) 0510
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SHRINKAGE TEST



HIDROSUELOS CIA. LTDA.

SHRINKAGE LIMIT

PROJECT: * Trasbasins

DATE JANUARY/1994

TESTED BY: G.S.

CALCULATED BY: F.V.
PIT | SAMPLE SITE DEPTH CAN CAN CAN | DRY SAMP] INITIAL | DAY SAMP] SHRINKAGE
No. No, No. | WEIGH| YOL VO'I__ | Moist.| weianT LIMIT

: _ {m) . fgr) | tem~3)}| fem=3) | (%) (g1} (%}

Cs0| M1 | openciannel  0.50-1.40m| 1 | 198 1554 | 883 597 | 1531 | 16.626
c10 | M2 | opencrannel | 2.003.00m| 2 | 15| 1587 | so1 | 6275 | 14.79. | 12.987
c11 | Mi | opencuanner | 055i.60m| 3 | 1961 1528 | 881 | 57.87 | 1538 | 15.802
ciz| M1 | opencranner |060-1.60m| 1 § 197 1616 | 1048 | 5862 | 1699 | 25.189
c12 | Mz | orencrannee | 2003.60m| 2. | s98] 1547 | see | es7 | 1482 | 21527
cia | mt | openciiannes | 080200m| 2 | 196 1620 | 695 | o056 | 1345 | 21.118
c13 |- m2 | opemciannes | 2003860m| 4 | 193] 1613 | o066 | 613 | 1646 | 2i.993
cta | m1 | oeencHannel | 0.90-1.00m| 6 | 258 | 1533 11 6055 | 1560 1 32953
ct14] M2 | orencuanner | 200350m| 6 1 | 1402 | 1027 | 6296 | 1458 | 31.067
c15 | Mt | opencranke | 040-1.00ml 7| 110 | 1482} 636 | 8651} 1179 | 14754
Ci15 M2 OPEN CHANNEL | 1.20-1.80m| 8 113 _i4.2? 6.03 8336 1.6 12.326
c16| M1 | openchanneL | 0.85-1.80m| 9 | 11.2] 1454 ] 891 | 5367 | 1552 17.394
cte | M2 | opencuannet | 200850m| 1 | 198)] 15654 | 904 | 5513 | 1636 | 15399
Ci7 M1 OPEN CHANNEL | 0.40-1.60m| 2 195 | 1537 846 | 6252 | 1486 16.013
c17| m2 | opemcuanne | 200300m| 3 | 196] 1528 | 878 | 5985 | 1564 | 168.354
c1e | M1 | opercranne |030160mi 3 | 196] 1528 | 823 | 67.48| 1433 | 18.283
16 M2 OPEN CHANKEL | 2.00-3.50m 1| 197] 16.18 7.5 71441 1446 11.55¢%
c19| M1 | opencuanne | 1.101.70m| 2 | 198 1547 | 925 | 4837 | 1714 | 13.831
c1o| M2 | opencHanneL | 2004.00m| 3 } 196 1629 | 11.24 | 4435 ] 1937 | 18279
€20 | M1 |1RansmissiONLN] 0.35-1.10m| 4 3] 1613 9.56 6027 | 1608 19.361
c21 M1 |rRansmissionuN| 0.40-1.00m| 5 256 | 1533 | 1125 | 4223 | 1835 19.996
c2t | M2 [wmansmissionum| 1.10-2.15m| 6 i1 | 1492 | 1119 | 3031 | 1852 | 19.170
c22| M2 |rransmissionun] 1.00235m| 7 | 111 ] 14.82 89 | 6022 | 1468 | 19.893
cza| M2 |mansmissionun] 200280m| 8 | 113 ] 1427 | veos | 7744 | 1228 | 20274
C24 M2 |TRANSMISSION UN| 2.50-3.50m| 9 11.2 | 1454 8.06 6432 | 1351 16.356
FORMULAS:

v

Le= Wo-{[(Vo-Vf)Msj x 100}

Le=8HRINKAGE

LIMIT

Wo=INITIAL MOISTURE
Vo=INITIAL VOLUME
VI=FINAL VOLUME
Ws=DRY WEIGHT

i
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UNDISTURBED SAMPLE



mm;ﬂ‘mm S5 R S S A e e R S S
ESCUELA FOLITECNICA: NACIONQL
FACULTADP DE INGENIERIA CIVIL :
LARORATORIO DE MECQN]CF\ DE ROCAS . . (

PPDYECTU " TR-”-\SUﬁbES i"téNABI "

. MUESTRA C-22;M-l _C-23;M-1 C-24,M-1
PROF.(m) T 0.60-0.90 1.20-1.50 1.50-1.80

Peso capsula 19.95 2057 20.00 22.25 20.15 19.23
peso cap + S humed, 43.55 4528 | 4347 4297 449 42.65
peso cap + S seco 32.04 33.25| 3136 3225 | 33.07 31.38
Wi% 95.20 24,871 106,60 107.20 91,64 92.76

Peso de Hg en cap 22017 231,007 219.05 195.70 | 19562 21433 | .

Peso Hg desaloj. 9419  97.74| 9820 8545 8259 = 9813 )
LC 18.58 1760 2838 2613 27.31 22,44 -

PROMEDIO 1809 . 27.26 24.87

A
LY
~y
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~ PIN HOLE TEST FOR DISPERSION
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JAPAN " INTERNATIONAL COOPERATION AGENCY
JICA

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

REPORT ON GEOLOGICAL-GEOTECHNICAL RESEARCH

8. GEOLOGICAL MAPPING

8.1 PURPOSE AND SOOPE

This study describes the project’'s geodlogical conditions
for the purpose of designing a water transbasin ‘system for taking, first of
all, waters from the Daule Peripa Transbasin towards the La Esperanza Dam
which are then transferred to the Poza Honda Reservoir and finally
transferred towards the Mancha Grande River. 'This is achieved by connection
to the current Daule Peripa Reservoir on the Daule River through a tunnel

with the La Esperanza Dam which is under construction and in turn .

sequentially connected via open channel from Saverino to Cafia Dulce and with
a tunnel from Cafia Dulce to Poza Honda.

~The tunnel from the Daule Peripa roservoir to the La Esperanza
Reservoir is 8.3 Km long and functions with gravity. The'entrance poftal is
on the banks of the Conguillo River and -the exit on the banks of - the
Membrillo River near the town of the same name.

, The transbasin_from the La Esperanza Reservoir to Poza Honda is
made up of a section of open channel starting at the banks of the Severino
River where the water intake and pumpingzstation are located, to the
structure at the entrancé to the tunnel at Cafa Dulce with a length of 6.5

km. The tunnel is t1.5 km long and the exit portal is located at f\nal of

the Poza Honda reservoir at the Pata de PaJaro vaer.

The transbasin from the Poza Honda Reservoir towards the Mancha
Grande River is made up of a tunnel using gravity whose entrance portal is
tocated at the Poza Honda Reservoir on the right bank of the Guajabito River
and exit at the Mancha Grande River with an approximate length of 4 km.

V)
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8,2 . GENERAL. GEOLOGY

8.2.1 Topography and Geomorphology

In the area considered for the project three types of relief may
be clearly discerned related to the lithological characteristics of the
existing formations. They are: . flat Areas, wavy or moderate relief areas
and areas with strong or solid mountainous relief,

‘Elat Areas

They correspond essent1al1y to Guaternary a!iuv1a1 sediments
which extend along the courses of the rivers and adjacent areas, forming
small va]leys Wlth\ﬂ topographical elevations from 30 to 80 meters above sea
lavel. : : :

Wavy or Moderate Relief Areas

Formed by a colluvial layer caused by the erosion of the high
sections and deposited at the foot of the slopas between e}evat1ons of 60 and

150 meters above sea level.

Strong or Solid Mountainous Relief Areas

Located at elevations 150 and 420 meters above sea level and
characteristic for the zones where the Borbon formation, of great competenca,
presents its greatest development.

From the ana]ys1s of aer1al photographs and visits to the field,
the existence of zones which are approximately flat and graded cut by rivers
and streams originating narrow V-shaped valleys stand out.. This type of

morphotogy corresponds mainly to the open channel section.

_ The presence ‘of the Onzole format1on in a not1ceably horizontal
position is responsible for the flat- -high morphology which, through less
intense erosion processes, has modated the surface with a padded ook that is
homogenous over large areas. :



The long and sharp form with slopes that are steeper and with a
morphology that ié more complex, is a product of the presence of the Borbon
formation at the elevation of 170-175 meters above sea level,

8.,2.2 - Stratigraphy

The areas of interest for the Project are included in the
regional geological environment called "Tertiary coastal basins” and includes

sedimentary geological formations which vary in age from the Oligocene

(Tertiary) to recent. (Quaternary),
3 The outcrc"pping sedimentary formations in the ‘areas of the
~ Project from the most ancient to the newest are as follows: Onzole Formation

and Borbon Formation.

Recent matenals (Ouaternary) oorrespond to oolluvtal alluvial
and terracmg depos1ts. -

 The different formations are described harebelow. in chronological
order of sedimentation:

AL Tertiary

Onzole Formation

The Onzole Formation vests in harmony over the Angostura
. Formation,  traditionally considered in. geological literature as a soft
formation composed mainly of mudstone. siltstone and fine greenish: gray
co\ored sandstone., '

Micaceous 1evels

The siltstones are a greenish gray to brown color, and are
frequently tufaceous. L

The Onzole formatwon presents shghﬂy ca]careous and Ixally:

R
.
e
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Sandstones are predominantly fine and very fine grained with
calcareous cement under a spec1f1c weight and quite fossiliferous in the
upper part of the sequence.

In the upper part of the formation, at times there are some
detrital facies {coarse to fine grained sandstones), especzal'ly in the
Conigui1lo-Membril1o zone, thus making it quite difficult to establish,
lithologically speaking, the separation between this formation and the more
Fecent Borbon formation. Only geomorphological criteria permit a certain
difference, :

ve observe that the most resistant levels of the Onzole Formation
originate a series of platforms that are quite marked and stepped, the last
of which corresponds to contact with the Borbon Formation. Likewise, we can
note that each resistant section {calcareous sandstone) usually has strong
grades {banks of the Severino River) quite often affected by small sYides,
undermining the sof_test-part,,decompres_sion according to the fracturing and
£all of several cubic meters of blocks: '

Borbon_Formation

The Borbon Formation appears above the 170 meters above sea level
elevation and is found in a horizontal position. It is made up of coarse or

 fine grain sandstone, generally well cemented, of a wh1t1sh~yallm1sh color.
"~ This formation is - identified - perfectly  both by . its lithological

¢characteristics as well as its peculiar morphology. Regarding the latter

‘aspect, it causes Rilly topography with narrow cutcroppings and steep grades,

frequently with tittle vegetation and covering.

8. Recent Land — Quaternary.

‘The following Quaternary land may be identified: formations on
banks (colluvial), piedmont, rocky dips, sludge soils and alluvial deposits.

_ In the line of the tunnels, specifically at their portals and the
line of the channel, only the bank formations are important with a thickness
of 2.0 m to 13.0 m and made up of c¢layey or silty material with centimetric
debris with fine, decomposed stones, siltst_ohes and sandstones.



8.2.3  Structur

Tertiary formations are visibly horizontal and with a grea't
lateral continuity of the facaes Wh!Ch are satisfactorily correlated with the
entire Zone. : : :

Regarding the Quaternary morphology, we can observe that in the
centra] zone of the valleys of the Mineral and Pata de Pajaro Rivers near tha
Poza Honda Reservoir as well as the Caflales dnd Severino Rivers, at their

headwaters there is a spectacular accumulation of waste from the piedmont

(colluvials) with 1mportant strength.

' The colluvial covéring of the work sités makes observation of:the
structurés difficult, and we can ohly view some d\aciases at outcroppmgs in
the main valleys. ' ; : :

" Régional examination, on -the other hand, permits visualizing
through aerial photographs the existence of two fracturing systems oriented

N 40° to 50°E, represented by the orientation of the main drainage systems.

_ Regardin'g the diaclases and considering the outcroppings found,
it can be established that the orientations are similar with the values
exposed at the fractures with dips preferably greater’ than 50°;

8.3 ‘LOCAL GE GEOLOGICAL AND GEOTECHNICAL DE'SCRIPTICN

The geological and geotechmcal aspects for each one of the works
are ana'lyzed herebelow. : L

8.3.1  paule Peripa-La Esperanza Transbasin

The Daule Periba‘—l_a Esperanza Tunnel is approximately 8.3 km long
in an east-west direction, The portal of the entrance is located on the

right bank of the Conguillo River, 1 km downstream from the site of Piedra
de P)ata, at an elevation of 66.0 meters above sea level and the portal of .

the exit is found on the left bank of the Membrﬂlo River at an elevation of
60.6 meters above sea level, :

L)

()



)

Q)

7 8.3.1.1 Inveétiqations'PerforMed

Important information QX\StS cbtained  from 9eolog1cal mappwng,
the interpretation of the aerial photographs and the mechanical sounding
performed, : :

'In addition, from the informiation obtained from the investigation
campaign through soundings DP-93-1, DP-93-2 and DP-93-3 ' we have collected
and analyzed the SOUndingé performed in other phases of the study such as:
SRM-1, 2, 3 and 4; SAC-1 and 2 and SRLE~2 and 3 (See Map No. 1).

8.3.1.2 Geo1og1cal and Geonorpho1001ca1 Aspects

A!ong the axis of the tunne'l we observe geomorpho1ogy of the
predominantly strong relief type going from an elevation of 60 to 300 meters
above sea level, 1ithélogically made up of the Onzole and Borbon formations.

‘Practically, the entire area of the study is covered by Quaternary soils of

the colluvial type with a strength of 3 to 5 m and a scarce amount of
colluvial soils in the beds of the Conguillo and Membrillo Rivers and the
Caflales, Mulato and Loza Estuaries., The outcroppings of the Onzole formation
detected are found on the lateral stopes of these rivers and estuaries. '

The covering above the tunnel is quite strong except at the

intersection of the axis of the tunnel with the Cafales and Mulato Estuaries

where the covering above the elevation of tha tunnel is less than 20 m.

The entrance ‘(Congui\Io) and eiit (Membfi11o) sites have slops
which are generally stable with graded relieve of a moderate grade.

8.3.1.3 Geotechnical Aspects .

Using the soundings performed and the date obtatned ‘de visu" we

'prepared the longitudinal geo]og1ca] prof1le shown- in Map No, 1, In it two

formations may be d\stzngu1shed
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a}) Soils
They are made up. of - colluvial deposits which form a covering
along the length of the axis and consist of weathered debris of sandstone,

siltstone and mudstone encased in a mud-clay matrix.

: These 0115 have 1ittle or poor influence on the work since even
their strength at the portals is 2-3 om.

b) ' Rock

ARock up to an elevation of 175 meters above sea 1éve1 is made up

" of strong strata of coarse to fine grain, well cemented sandstone belonging
to the Borbon formation. Below .this elevation is the Onzole formation,

characterized in this project zone by a detrital facies {coarse to fine grain
sandstoné) and with the predominance in the. bedding cut of the sandstones
above the mudstones or siltstones. . : .

From the soundings performed, it can be observed that the bedding
is' made up fundamentally of - fine ' and medium .. grain _sandstone . with
interc¢alations of siltstones or mudstones,'presénting towards the surface a
sJight]y weathered and oxidized surface, improving its geotechnical
parameters with depth. . : ' :

Generally, from the cuts detected we can observe the predominance
of rock with a III quality level (med:um) and only the first meters with a 1Iv
quality leveI ' : :

, Considering the elevation of the tunne] at the line we are
interested in, we can observe that the rock is characterized by a fine to
medium mudstone 1ike sandstone. with medium level cementing and a weathering
grade of Il1, with some zones with grade III towards the portals and in the
areas near the Mulatos and Cafiales Estuar1es, with a resistance to simple
compression index between 60 and 100 kg/cnu with a general fracturing grade
of III and some zones with IV, and a RQD varying between 30% and 80%. The
Bieniawsky quality index, caloulated from the above parameters is grade III
(medium rock) for most of the tunnel although it is thought that a line of
the tunnel may be excavated on rock with a 11 quality index (good rock).

()
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Yhe phrzatic level; once stabilized, has been determined at the
following depths:

DP-93-1 12,00 m

DP-93~2: = 14,00 m
DP-93-3 = 9,16 m

The permeability of the rock has been calculated through tugeon
type tésts,: We cannot. discuss the: Lugeon units themselves because the tests
did not reach 10 kg/cnn of pressure, due to hydraulic breakdown or the great
influx of water, product of the. fracturing, permeability coefficients vary
for the line of interest in the tunnel between 10™ and 104 cm/second

8.3.2 Severino River-Poza HondalTransbasin

Thé Transbasin Project between the Severino River {reservoir of
the La Esperanza Dam) and Poza Honda includes the planning of the foT]owing
works: ' : :

- Punprng station, located on the right bank of - the Severino River
at 1.3 km from the mouth of the Carrizal River,

S - Electric power substation

- . Open channel with respective spillways from - Severino to Cafa
Dulce, with an approximate lYength of 7.0 knm

= -Gravity tunnel from Cafia Dulce to the Poza Honda reservoir.

8.3.2.1 Investigations Performed

The works performed in the investigation campéign from the field

“and office include: 'Geological Mapping, Mechanical Sounding, Manual

Sound1ng, Test Pits, Laboratory Sampling and Tests.
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- puriping Station, Substation and Loading Tank -

Three rotary mechanical'soqndings'wére performed: SR-93-1, SR-
93-2 and SR-93-5, and they were correlated with information from sounding B-1
of the feasibility phase and geological -mapping of the zone was performed.

- Open Channel

Ten test pits were excavated, with soil samp]ing for the purposes
of use’ as bu$1d1ng matérials and 54 manual soundings wore performed. -In
addition, the invest1gat1ons of - the feasibility phase were analyzed ‘and
detailed geological mapping was performed along the length of the channel.

- _ Cafia Oulce-Poza Honda Tunhel:

Two mechanical rotary sounidings were performed, SR-93-3 and SR-
93-4, and they were correlated with those performed in the feasibility phase
of B-1 and 8-3 and the respective geological mapping was performed.

8.3.2.2  Geoloaical and Geormorpholegical Aspects

- Intake Site, Pumping Station, Substation and lLoading Tank:.

The site is located on the right bénk of the Severino River and
in the geomorpho]ogxcaI aspect belongs to- the moderate or softly waved
relief.

‘Lithologically, it consists of medium cemented or cemented
sandstones belonging to the Onzole Formation which are outcroppings at the
back of the pumping station intake site on the river bank. On the top, it
is covered by a colluvial with 2 m to 5 m strength. . The site is
characterized by its good stability.

- - Open_Channe} |

The section of the open channel is characterized by geomorphology
with moderate to smoothly waved relief cut by streams which come down from
the Severino River forming narrow V-shaped valleys, e. g. the ta Chontilla
and Capilla Estuaries. '

()



()

: Most of the sect1on of the channel is covered by Quaternary soils
w:th definite strength along the - channel through test pits and manual
sounding, from 2 m - § m.’ (See map no. 2).

‘Under the colluvial covering are siltstones, mudstones ang fine
sandstones which are quite weathered at the top of the Onzole formation which

dutcrops in the bottom of most of the streams of estuaries.

- . -CaPMa Dulce-Poza HOndalTunnel

Along the axis of the tunnel, we <can observe predomlnant
geomorphoiogy with strong relief, from an elevation of 80 to 420 meters above
sea level, lithologically constituted by -the ano]e and Borbon formations
with a colluvial soil covering from 2 m-to 5§ m strong..

The covering above tha elevation of the tunnel is quite Strong
along the axis and in the areas neéar the exit portal at the Pata de Pajaro'
Rtver a]one it is close to 20 m.

The s1ope at the porta1 of the. Poza Honda exrt as we¥1 as at the
entrance is stable with its greatest strength from oo11uv:al soz]s.

8.3.2.3  Geotechnical Aspects

- . " pumping Station, Substation and Loading Tank

. ‘The study area is covered with colluvial with a stréngth Qf'1,5
m (sounding SR-93-1) to 5.0 m (sounding SR-93-5), made up of decayed debris
from mudstone and siltstone encased in a hard silty and clayey matrix.

- The rocKy substratum is made up basically of fine and medium
grain sandstones, half cemented, with hard levels (cemented) and mudstone

intercalations,

oOn the top, the substratum is quite weathered, approx1mateiy to
a depth of 10 m with a IV fracturing index and resistance “al visu" of
approximately 60 kg/aﬂ which defines it as rock with a Bieniawsky IV quality
index (bad rock). From 10 m, the geotechnical characteristics improve. The
degree of weathering is II, the fracturing index IIT and II, resistance to



sinple compression from 60 to 150 kg/cnt and ROD varies between 50 to 80%,

meaning that the rock has a 111 Bieniawsky quality. index (medium quality

rock) with levels of rock with a II quality index (good rock).. -

Permeability of the soils is determined by “"Lefranc” infiltration
tests yielding amsunts for the permeability. coefficient of 107 to 107
cn/second although the amount obtained in test no. ‘1 of Sounding SR-93-5 is
not very'representative since it was influenced by the cracks within the
colluvial soils. We recommend utilizing for design estimates an amount of
the order of 107 om/second for colluvial deposits.

~ For the permeability of the rock Lugeon permeability tests were
performed obtainhing values for' the permeability coefficient of 3.9:x 107 to
9.6 x 101 cm/second. ' This permeability is fundamentally. dus to the
fracturing of the upper sandstones.

- Open Channel

Most of the section of the Open Channel is covered by colluvial
s0i1s constituted by levels of silty clay and towards- the contact with the
rocky sgbétratum by decayed mudstone and siltstone debris in the muddy-clayay
matrix. '

The consistency of these soils is hard in their dry state, Tﬁése
colluvial soils are classified as MH and some as CM as per the unified
classification'since the soft debris breaks down producing & fine soil which

'is highly plastic. = According to the dispersion tests, they are not

dispersive, characterized by their high expansion capability..
‘The permeability of these soils is on the order of 107 to 107}
cm/second for the permeability coefficient. ' :

The rock substratum under the colluvial covering is constituted
by mudstones/siltstones which are highly weathered and oxidized and

- classified as V and IV index quality rocks (very bad and bad).

At the lower elevations, between &0 and 100 meters above sea

‘Jével in the bottoms of the streams there are very - fing - sandstons
_outCrOppings with a 1V and III quality index (bad and medium rock).

)
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- Cafia Dulce-Poza Honda Tumel

. The colluvial soil covering is made up of hard clayey-lime with
weathered debris, with a 2 m to 5 m strength and htt‘le influence on-the
execution of the tunne] '

-~ Up to the - e]evation of 170 meters above sea level the rock is
made up of coarse to  fine ‘grain cemented - sandstones from the Borbon

formation.

Under the Borbon formation is the Onzole formation made up
fundamentally of fine greenish gray siltstones, mudstones and sandstones.

" From the soundings performed, we observe that the bedding is made
up’ fundamentany of highly weathered siltstones or mudstones on the upper
levels with V and 1V quahty indexes (very bad and bad rock), improving their
geotechmca1 characteristics with depth,

Considering the elevation of the tunnel, in the section we are
interested in, we observe that - ‘the rock is made up of mudstones mth a
weathering grade of 11, II resistanhce index (approxtmatew 50 to 60 kg/cm ),
fracturing grade of IV and 11, ROD from 30% to 80%, which determine a 111 to
V1 quality index (very bad). These parameters should be considered
especially for the portals of the entrance and exit when the investigations
have been performed. ‘1t is expected that towards the inside of the tunnel
the geomechanical characteristics of the rock improve, and we can predict for
sections of the tunnel of the rocks quality indexes of IIl and even 11 {(good)
where the rock is hea\thy and massive'.» : :

Parmeability has been determined through Lugeon tests obtaining
values for the permeability coefficient of the order of 10 om/second. . This
coefticient, relatively high for mudstones, is caused by hydraulic damage
from performing the tests with manometric pressures greater than 6 kg/cm2

_ With pressures less than 6 k/cm? the rock is impermeable with
permeability coefficients of the order of 10°% em/second.
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8.3.3 " Poza Honda-Hancha Grande Transbasin

Thé Poza Honda—Mancha'Grandg Transbasin is made up of a tunnel in
the south-north direction with a length of. 4 km. The entrance portal is

located on the left bank of ths Guajabito Estuary at-an elevation of 90.00

meters sbove sea level some 2 km from the site of the closing of the Poza
Honda Reservoir. The exit fortal is located on the left bank of the Mancha
Grande River at an elevation of 86,00 meters above sea level next to the main
Portoyiejo~Pichincha Highway. ' : :

8.3.3.1 Investidations Performed

Three rotary mechanical sound{ngs were performed: MG-93-1, MG~
93~2 and - MG-93-3, Geological Mapping, - laboratory and field tests and

collecting of information from the phases of prior studies which yielded

important ‘information for the tunnel design.

8.3.3.2 Geological and Geomorpholoqical Aspects

Along the axis of the -tunnel, we observed a. predominant'

geomorphology with strong relief -from 90: to 400 meters above sea level,
causing mountainous zones with steep grade. . -

‘-Litholbgicé1ly, it is made up of the Onzole and Borbon formations

covered with Quaternary soils of a colluvial origin with a strength of 2 m to

7m.

The entrance sites in Guajabito and exits at Mancha Grande are
characterized by wavy or moderate relief between elevations of 80 and 140
meters above sea level, with soft grades chardcteristic of the zones with
ancient slide. - ' :

The covering of the elevation of the tunnel is quite strong and

with cdmpetent rocks, except for at that entry and exit portals, especially
at Mancha Grande where the feasibility of a false tunnel should be analyzed.

()
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8.3.3:3 ' Geotéchnical Aspects

Through the soundings performed aﬁd the data obtained fde visu"
we prepared a longitudinal deological profile which is shown in map no. 4.
We can differentiate two formations on it:

a) 7 soils

‘Constituted by colluvial deposits which make Up the covering
along the axis and are sr1ty—c!ayey with decayed debris with mudstones and
siltstones. -

‘Greatest ‘strength is obtained in sounding MG-93-3 in which a
depth of up to 18 m is reached. The median strength of the portals is 7 m
along the axis of the tunnel from 3 m ~ 5 m.

b) " "Rotk’

The rocky substratum up to an elevation of 175 meters above sea
level is made up of coarse to fine cemented sandstones from the Borbon
format1on. s :

Under the elevation of 175 meters above sea level is the onzole
formation with a clear change in slip in the relief and made up of very fine
greenish gray si]tstones, mudstones and sandstones.

- From the sound1ngs performed we can observe that undor the
col]uv1al soils, especially at the portals, the rocky: substratum is quite
altered - at considerable depths: (20 m = 30 m}, and these mudstonas are
chafacteri;ed by V¥ and 1V degree weathering, a resistance index of IV {from
20 to 60 kg/u#), fracturing grade of 1V, ROD (0-30%) which determine a
quality index of V and IV (very bad and bad) for the rock.

Considaring the elevation of the tunnel at the section of
interest;, we obssrve: that the geotechnical characteristics of the rock
improve, being made up of greenish gray mudstones with a sandstone character
and with a high fossil content. Towards the entrance portal in Guajabito,
the sandstone characteristics of the mudstone change to somewhat brittle or
soft. The geotechnical characteristics of the rocky mass for the section of



the turnel are: weathering grade 11, resistance gradeé {V (approximately 50
kg/uﬂ), fracturlng index of. 1V, RQD 30% - &0%, which determine a rock with
a quality index of 1II to 1V (iedium to bad rock);

It should be indicated that the characteristics listed are
exclusively for the entry and exit portals which are affected by ancient
slides. We except that towards the inside of the mass, the rock properties
improve and the excavation of the tunhel is made on rock with a quality index
of 111 (median rock) and even sections of good, healthy and massive rock.

" The greatest problem of this Transbasin is the exit of the Mancha
Grande, especially the month of the river where the strength of the soils
reaches 20 m and the grade of the tunnél is found at an approximate depth of
7htoi0om making 3t necessary to have a fa1se tunnel at the site.

The permeability of the rock has been determined through t ugeon
tests cobtaining a permeability coefficient between 1.6 and 5.2 X 101
cm/second, relatively high for the type of rock but it is directly related
with the fracturing and weathering grades at the sites of the portals,

It js expected that inside the mass, on healthy and massive rock,
the permeability will be in the order of 107 cm/second.

8.4 SUMMARY AND OONCEUSTONS

B " The main conditions for the design of the tunnel are: quality of
the rock and'the dimensions and depth of same.
This report is a1med at obta1n1ng the propert1es of the rock

based on’which the different estimates must be made whether with Bieniawsky,
Barton or other ca1culation méthods. :

The rocks involved in the lines of the tunnels are:

- Fina and medium grain haIf—ceménted sandstones, with a Bieniawsky
quality index of 11 at the Daule Peripa-La Esperanza Tunnel,

- : Greenish gray mudstones with a Bieniawsky quality ihdex of 1II~1V
{median to bad) at the Cafia Daule-Poza Honda Tunnel.
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Sandstonés and mudstones with a Bieniawsky quality index of T1-IV
{(median to bad) at the Poza Honda-Mancha Grande Tunnel.

Based on the results obtained we can make the following

observations:

The tunnels themselves must be made with minimum coverings of 20
m and for smaller coverings it is recommended that a false tunnel
be made. _ ' :

On the Yines of the false tunnel, the expansioh properties of the
rock and colluvial deposits should be corsidered, recomnending a
slope of 2H ¢ 3 V on rock and 1H : 1V on c¢olluvial soil. The
excavations should be uncovered as little time as possible due to
the highly weatherablé character of the rock and the expansive
nature of the rock and colluvial.

For the tunneis it is considered best to use the conventional
excavation method, using friction.

The nature of the rock, especially mudstone and its
susceptibility to weathering, force the gunite to the surface of
the excavation in order to avoid drying the rock which would
cause on the one hand cracking of the mudstone and on the other
moving of the expansion process due to later increases in
humidity. '

The supports of the tunnels may be:

Projected-concrete (3-56 cm) on all excavated surfaces
Hesh on the dome and front wall

. Projected concrete (3-5 cm) on the dome and front wall
On temporary portals and lines, anchoring ribs and bolts,

Regarding the line of the Open Channel, the soils found are

fundamentally MH and some CH, not dispersive and highly expansive with
. permeability of the order of 10 cm/second.

For the excavation we recommend slips of 1H : IV.



AY) Cbnéiderations are a
more precise calculations, '

pproximate and must be confirmed through
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9.1 GEOLOGICAL DRAWINGS AND PROFILES
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