





" Chapter] GENERAL

11 Introductlon -

o Thxs Fmai Report is: prepared and submttted to the Manabt Rehabllltatlon Center
(CRM) of the-Government of th_e Republic of Ecuador (GOE) in accordance with the
‘contract for the Detailed Design Study on the Water Transbasin Schemes for Chone-
- Portoviejo River Basins in the: Province of Manabi _(the Study) concluded between the
 Japan International Cooperation Agency (JICA) and Nippon Koei Co. Ltd.

The study consists of two phases: Phase 1 for preparation of basic designs including
- detailed field investigations and Phase 2 for detailed engineering study including
preparation of tender documents and other documents necessary for the implementation of
the Project on the Water Transbasin Schemes for Chone-Portoviejo River Basins in the
Province of Manabi (the Project). The Study period is programmed to extend over a period
of 18 months from early October 1993 till March 1995.

_ | ’I'he specxﬁc ob_tectwe of the Study is to prepare a detalled engmeenng des:gn of the.
-Pro_;ect ‘based on the feasrbtlrty study report on the Project prepared in December 1992.

: It is also one of the important objectives to realize transfer of technology to the
Ecuadonan counterparts durmg the Study by the JICA Study Team, :

The Final Report presents the results and evaluation of the detailed field
investigations and detailed designs prepared during the study period from October 16, 1993
‘to March 31, _19_95 The Study includes (i) Review of Previous Studies including water
'gd_em'ends and water transbasin plan, (ii) Studies and _Investi_gatidns including hydrology,
~sediment and water quality study, topographic survey, geological and material
investigations, environmental study and institutional study, (iii) Detailed Designs of the
- proposed: three water transbasin schemes with access roads, and (iv) Construction Plan and
C_o_st Estxmates 1nclud1ng const_ruct:on schedule and fund disbursement schedule.

1.2 Background of the Study

The Provmcc of Manabi has long been suffering from a habitual water shortage
problem In 1986 CRM staned a master plan study on the mtegrated water resources
: 'development in'the Manabi’ Provmce (PHIMA) in cooperation with the Ecuadorian
: ’Govemmental Instxtutlons (CONADE and lNERHl) The Organization of the American
! 'States {OAS) and JICA ]omed PHIMA durmg the master plan study. The PHIMA final



. 'report prepared by JICA in January 1990 recommended to conduct a feasrbrlrty study on -
the water resources deveiopment for Chone-Portovcho nver basms in the eentral part of the -

' Manabt Provmce

JICA at the request of GOE conducted a feasrb:hty study on the Pro;ect from ;

~'March 1991 to December 1992, which concluded that. the: Project rs techmcally and

“env:ronmentally sound economtcally feasible and ﬁnanc:ally viable.” GOE requested a a

detailed design study on the Project to the Govemment of Japan (GOJ), and the’ scope of
' work for the detarled desrgn study was agreed upon between JlCA and CRM in July 1993

) '- _-The'-Stuc__ly cr_)mmenced in October 1993 in acc"ordanoe _with_the_ agreed scope or

13 rr'_o,-;cl ke’in@nm Study

o General

In the Study area, a central part of Manabi provmce consrsung of the Chone and

~Portoviejo river basins, various water resources development projects have been studied,
and some of them were constructed, some are ‘under constructron and the others are wamng
for further studtes for tmplementatron o

The following projects are closely related with the Study.

()  PozaHonda Multtpurpose Project in the Portovrejo river basin,

(i) Daule Penpa Dam project on the Daule nver located 1mmedtate east of the "

_ _study area. '

| ‘.(i'ii) La Esperanza Dam Pro_tect on 1 the Carnzal rtver, a major tnbutary of the’ :

Chone river..

(lv) Water Transbasrn Pl‘OjeCt from the Daule to the Poza Honda and La.

_ . Esperanza reservoirs, - O SRR SR
v) Camzai Chone Multtpurpose Pl‘OjeCt in the Chone river basm i

(2)  Daule- Penpa Dam Project

_’I'he ﬁrst comprehenswe study on the water resources development of the Guayas s
river basin was conducted by OAS in 1964 at the: master plan level, in_which the
construction of the Daule-Peripa dam was proposed as'a master reservorr for basm". '
development The Umted Nattons Development Program (UNDP) made a preltmtnary"'



_stt'td'y'on-t_he Daule-Peripa Dam Project in 1972. A feasibility-study on the Daule-Peripa
Project was conducted in 1978. The Committee for Guayas River Basin Development
(CEDEGE) started’ the construcuon of the Daule-Peripa dam in September 1982 and’.
completed 1t in December i in 198‘7 wlth the IDB financmg

Mai_n fu'ncu'onsof 'the Daule-_Peripa dam are as -follows.

) flood control

~(2) domestic water supply,
| 3) 1rngauon_water supply, and
@ _,'hydroele_ctric_ povIer'supply;

' .The Daule Penpa dam is located on the Daule river at about 15 km upstream of
, Prchmcha “Out of the e_ffectlve reservoir capacity of 4,000MCM, a quantity of
500MCM/year is reserved for use in the Manabi Province through water transabasin with a
" maximum discharge of lSr'nS/s._ ' :

 General features of 'pame-pgﬁga Dam are shown in Table 1.3.1.
3 La Esperanza Dam PI'OJCC(

‘A feasrblhty study on La Esperanza Dam Prmect was started in 1970 and completed
in 1975. A definite desrgn was prepared in 1976 and the construction was commenced in
1978 by Daewoo, a Korean contractor. CRM was the executmg agency of this pro_|ect and
the cost was ﬁnanced by the GOE

During’ the initi'a'l stage of construction however, the construction work was obliged

to be suspended due to a geotechmcai difficulty of the dam foundatlon, and the contract -~

_thh Daewoo was termmated in 1980." A complete revision of the desrgn including some
more geotechmcal mvesugauons was started in September 1982 and completed in June
- 1984, ‘The dam construcnon however had been suspended up-to 1991 due 1o ﬁnancral

- problem.. .

The ﬁnancral pmbtern-nfas solved in 1991, Out of the total eonstructron cost of US$

| 80 million, US$ 30 million was agreed to be financed by the Spamsh government, US$ 30

- m:lllon by Spamsh banks and the remarmng US$ 20 mllhon by the GOE.

B " CRM. awarded a contract for constructlon to Dragados y Construcciones, a Spanish
: contractor, who' had started the constructron work since early 1992, and cofferdam
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: 'embankment was completed At present, the main dam is under constructron. Relocanon .
of houses and various structures in proposed reservoir area was’ completed at the end of;
_- December 1993. Constmctron of the dam is scheduled 1o, be completed in 1996 :

- The Objecnves of La Esperanza dam are ﬂood control in the Camzal nver, - y
- irrigation water supply to the Carrizal- Chone 1mgatron area of about 15, 000 ha and
domesttc water supply in the Chone nver bas:n ' R

. _The gencral: feature_s of_ La Esperanza dam_are sh‘own iniﬁTable"l 32 y

4) Poza Honda Dam P‘ro_pect

UNDP conducted a feasrbthty study on the water resources development project of
the Portovrcjo river basm in 1963 and GOE prepared a deﬁmte desrgn of the Poza Honda .
_ dam m October 1965 . :

_ thh an agreemcnt on- techntcal and ﬁnancral cooperatton between GOE and the

‘Government of West Germany, CRM made a revision of definite design, employing-a
consortium of West German consultants in January 1967. A rcvrsed deﬁmtc design of the -
dam was completed by the consomum in August 1968

The Poza ‘Honda Multrpurpose PrOJect has been developed tn the Portovrejo nver o _:- |
_ basrn in the followmg stages ‘ o SR :

- S'tage_'_ I: Construction of the Poza Honda dam in the upper reach of the POITOVIC_]O,.
: river in 1971, It is capable to secure water supply of 107 MCM/year |
~General features of the darn are shown in Table L 3 3

Stage 2 Constructron of the Guarurno water treatmem plant m 1974 wrth a o
o capacrty of 43, ooom /day | |

Stage 3: Construction of Santa Ana 1mgat|on system along lhe mtddle reaches of o
the Portoviejo river in 1984, commanding a net rrngatton area of 3 300
~ ha with annual water requrrement of 60 MCM m avcrage years and 74_
MCM in dry years R FER ‘ "

Stage - 4: Construction of Cuatro. l':‘.sqmnas treatment plant at Portovrejo and El S

Ceibal treatment plant at Rocafuerte wrth a total capacrty of 180 000' |
3/day, to. becompleted in 1995 e ‘ .




. (5) Water Transbasm Project from Daule—Penpa to Manabi

_ CRM started a smdy on the water transbasin project from Daule- Penpa to Manabf in
1984 when the Daule-Penpa dam was under construction. A definite design for the project
was prepaned 1n 1987 wtuch mvolved the fol!owmg two transbasm schemes.

) - Transbasin from Daule Penpa to La Esperanza wlth a capacuy of 12 m 3s
S through a 83 km long d:versron tunnel by gravrty

Water dwers:on fmm the Daule river at about 30 km downstream of the Daule-
Peripa dam to Poza Honda wrth a final oapac:ty of 12 m /s by pumpmg

The PHIMA study in- !989 however, drd not- recommend these two transbasin

schemes because of hrgh pumpmg requlrement CRM, in line with the PHIMA
_ recommendanon, requested CEDEGE 16 construct an inlet structure of the transbasm tunnel

in' the Daule- Penpa reservorr area wuh a capacny of I8 m /s mstead of 12 m ls, and

- CEDEGE constructed the turmel entrance accordmgly in 1990.

‘CRM also revised the tunnel desrgn from Dau]e Penpa to La Esperanza fo have a

o capacrty of 18m /s in 1989

General'festur'e's of.the-diversion_tuonel are as foliows.

1) Ty'pe of Tonoel : Semi-circular section
(2) Diameter - : 46m
(G)InletsilEL. : 64m -
(4 OutletsillEL.  : S85m
(5) Lining : . Shotcrete

©) carr_i'zal-c'hone Mu]tipurpose_ Project in the Chone River Basin

Dunng the years from 1986 to 1989 in parailel with the financial arrangement for

' "_construcuon of the La Esperanza dam, CRM conducted a feasrbrlrty study on the Carrizal-

Chone Multipurpose Pro;ect mcludmg river training and irrigation and drainage system

over a net rmgauon area of 16,720 ha in the Carrizal-Chone plain and the Guarango-
. Aman!los plain. The Guarango plarn is located i in the lower basin of the Portoviejo nver_
_ and therefore, the proposed irrigation system involves the water transbasin of 5.0 m /s
-from Chone to Portoviejo through a diversion tunnel of 5.1 km in length and with a



diameter of 3.0 m at a level of EL. 72 m, including pumping of about 53 m.. The total -

cons&ucﬁon cost was_estim_ated to be US$ 65.4 million at a price level of Séptember 1989,

A head reach canal with a capacnty of 23 m /s starls from the La Esperanza dam at

EL. 32 mfora dlstance of 10 km and the left main canal is branched off from the head

reach canal. Ata pomt 18.1 km from the. begmmng point of the left main canal, a canal

with a capacity of 5 m /s is further branched off at EL. 21.4 m for lmgatlon of the

Guarango-Amarillos plain. A level of the diversion tunnel was opumlzed to be at EL. 72
m with regard to a tunnel length and a pumping hcad though the Guarango -Amarillos
irrigation area is lower than EL. 60 m,

This idea of water transbasm from Chone to POI‘IOV!C]O was first adopted by the
PHIMA Study and included in various allemauve transbasin schemes, but, in later stage of
the feasibility study, it was abandoned due to techmga_{dnfﬁc_u]ty in constructing a tunnel
throhgh the Tosagua formation consisting of soft m_udstoné with considerable 'slal_cing
tendency, resuiting in a high tunnel construction coét._ _. . '

- The Carrizal-Chone Irrigation Project is directly connected wi.th the La Esperahza -

Dam Project because water is planned to be supplied from La Esperanza. _Since the
construction of the La Esperanza dam was under way with a financial cooperation of Spain,
CRM has a strong desire to proceed with the project. It is said that CAF (Corporacién
Andina de Fomento) accepted to finance US$ 4 million for the detaild design work of the
project in late 1994,
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Chapter 2 REVIEW OF THE PREVIOUS STUDIES

o 21 G.eneral.:_

Thé présent 'de:uiil_ed'kéngineéring SfUdy is a continuation of the fe'asibilily study

. co:‘i'a'plet'ed in December '1992. " Data and information collected and analyzed in the

feambxhty sludy as well as dunng the water resources development master pian study in

~ Manabi Province, 50 called the PHIMA study completed in January 1990, are fully utilized

in the present study. Recent data and reports related to the prolect are also collected and

'~ reviewed, such'as La Esperanza dam design and construction reports, Daule Peripa
- Teservoir envu-omemal management and momtonng plan, des1gns of the Daule Penpa—La ' -
_ Esperanza lransbasm propct etc. : '

A detailed filed reconnaissance survey is carried out to confirm the actual site
condmons with respect to topography, geology, envnronment and reserv01r sednmentahon

o Among others the mtegrated reservou- operatlon and water balance study is fully
rev:ewed 1o conﬁrm the proposed water transbasin capacities as well as the inlet and outlet
elevauons of the proposed three diversion tunnels, based on fully revised river runoff series

- at various 1mportant points for.29 ycars from 1964 to 1992 generated by the rainfall data. -

o '2.2“’Wat'er Dem :_'a'n'ds S

Annual waler demands are summarized below and monthly fluctuauons of water

‘ _' deinands are descnbed in the followmg subsections for each purpose.
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L Waersply

.~ Dilution water

" 'River maintenance

* Water supply

Irrigation |

- Shrimp farm '
Dilution water

" Chico River Basin

_ Purpose

River maintenance

Water supply ‘
Irrigation

Dilution water

'Camzal-ChoneR:verBasms L

: AnnualWater ,
...+ .. .. Demand(MCM)
;. Rives maintenance ...

.Poripviejo ﬁivé; Basin- | =
* Annual Water
Demand (MCM) > . L
S :Equnvalent t0025 m3/s throughout L
- the year from Poza Honda dam . - -

- Poza Honda water supply systemin "
2020 -

- Poza Honda i 1mganon system indry

268

Annual Water

Demand (MCM) -
~ Min. flow of 0. 12 m3fs to be
"~ maintained .

- El Ceibal water supply system in
12020

- Chico irrigation system (1 700 ha) in

Varied
63
31

6 .

L Equwalent 100, 5m3ls ttuoughout the - ..
_ '_yearﬁnml..aEsperanzadam '

S Chone-La Estancﬂla waler supply
~ system in 2020

* Carrizal-Chone u'ngauon systcm e
(15,000 ha) and Amarillos syslacm L
+ (1,000 ha) in.dry years " . B

_ | At estuary of Chone river. L
- Equwalem t0 20% of irrigation waler

' Remarks

years
At esmary of Portowejo river
Equwalent lo 20% of i unganon water '

Remarks

dry years
Equwalent to 20% of i 1rnganon waler

S22



221 River Maingnangg' e Flow

Under the regulatnon, a dam should release a constant discharge as a river
maintenance flow. - The regulatton requires that La Esperanza dam should release a

constant discharge of 0.5 m3/s and that Poza Honda dam should release a constant_. i
_ dtscharge of 0.25 m3ls both as ariver matntenance flow..

Accordmg to the above pollcy, the CthO river is dec1ded to maintain the minimum

- flow of 0. 12 m3/s at the unmedlate downstream of the dnvers:on dams

R'eglenal water supply syStems are operate.d in the project area to meet municipal

-and industrial water demand. Water supply capacmes of these systems w1ll be increased to
. cope. wuh the growmg water demand

Raw water demands for water supply estlmated for 2020 are taken as those of the

: prOJect It is true that demands for water supply would be increasing after the year 2020 as -

a result-of contmuous urbanization, which would take place by shifting the agricultural

. lands to urban areas Therefore, itis expected that an increment of water demand for water

supply after 2020 would be covered by a reductlon of i 1mgauon water demand. -

Seasonal ﬂuctuatlon of raw. water demand for water supply is not taken into account
in view. of the troplcal climate prevailing the project area where seasonal fluctuation of

" temperature is not significant. Therefore, a monthly demand is simply calculated from the
: .annual demand dw1ded by 12, - T :

_ Diversion water demands for irrigation were calculated during the feasibility study
for each month of the year based on assumed cropping patterns for each imrigation system to
be developed, irrigation efficiency and expected effective rainfalls. The diversion water
demand for irrigation, the:efore-,_depends on rainfall. |

Daily rainfall data were first analyzed for each irrigation system and two kinds of

“effective rainfalls were esumated based on rainfalls of average years and those of 1/5 (once _
~in$5 years) drought years.

lrngatlon water demands are glven in Table 22.1 for average years and in Table

. ;222f0r IISdmughtYm

: .2—__3’::1.: :



Fresh water. requuement in the shnmp fanns practlced in the estuanes of lhe Chone .

and the. Ponovnejo rivers was esumated in the feaslblhty smdy an follows

Fresh Water Requ:rement for Shnmp Farm (MCM)

Momh Chone E.stuary POI'IOVIGJO Estuary
daly 39 04 :
August S 39 04

September . .. 40 - o 05

. October 293 .- 05

'_ November N "'f294 o o BRI i . S AR
Annual Total  * . 99.5,. R X

When a large scale nrngatlon development is :nvolved in a pro_;ect, it i desnrous to
~ take’ mto account dilution water demand to dilute lmganon retum ﬂows and to malntam_
river water quallty at an acceptable level. : =

In'the feas:blhty study, the diluuon water demand ‘was not consxdered because the -
interbasin flows were not considered, either.. In. the detanled engmeenng study, however '
the dilution water demand equivalent to 20% of the diversion water demand for i lmganon is
taken into account as well as the interbasin flows, which are denved from lhe nver basms .
downstream of La Esperanza and Poza Honda dams. .

23 Water"!.‘ransbasin_l’lan.

Three transbasin schemes are proposed m the feasnblhry study as shown in Flgure o
23.1 and summanzed below




'l‘rmsbasin L . Capacity Remarks

-Daulepenpa:oLaEsperanza S Bm¥% Gravityflow
- "'LaEsperamtoPozaHmda -:_:_5. ct6mis . Pumping
Bozaﬂmdammmcrandeﬁ’ U am’s . Gravity flow

_ The f'nst transbasm scheme from Daule Penpa to La Esperanza is necessary to
mcreese substanually the water resources to meet all the water demands in the project area.
_The second transbasin scheme from La Esperanz.a 10 Poza Honda i is indispensable to meet

K 'water demand mamly for water supply and irrigation in the Portoviejo river basin, in -
addmon to the Poza Honda dam The third transbasin scheme from Poza Honda to Mancha
- Grande is also needed to- meet water demand i in the Chico River basm, mamly to supply El
Ceibal water weatment plant and the: CthO 1mgatmn system,

N ltisto be understood that the pro;ect objectwe can be fully fulﬁlled only when
'these three transbasm schemes are 1mplemented o

23 2_'Emnaha [ransh s.._m'm'.'miﬁﬁ?ﬂm Jle Peripa to La Esperanza

In the feasrblllty study, the water transbasm volume from Daule Peripa to La
" 'Esperanza was evalualed under the followmg condmons and procedures

ay _-'_The Daule:Peri_pa dar_n belongs o CEDEGE and is to be operated according
S to the'reservoir'ope'ration rule of CEDEGE'.

@) Accordmg to the interinstitutional agreement between CEDEGE and CRM,
... CRMis, entitled to divert water from Daule Peripa up to 500 MCM/year
with lhe maxlmum dwersmn of 18m /s, as far as techmcally possrble

3y Resérveir water:le”\kels of Daule Peripa and La Esperanza are assumed to
. fluctuate in a similar pattern under the same hydrological regime.
o Therefore, water quanmy to be technicaily d1vened is only dependem on
o ':water fevel of Daule Peripa whlch will fluctuate between HWL of EL. 85 m
o ‘-V_andLWLofEL 60m -




i :An mtake structure of the dwers:on tunnel from Daule Penpa to. La':

. Esperanza was alneady constructed at the Conguillo site'in the il of the .

o ‘Daule Peripa Teservoir. The mtake sill level is.EL. 66 6 m. Dnvertable o
= fip:dlscharge will be 0 s up to reservoir water level (R.W.L) EL.66.6 m, 6. 70 O

'-',.m/satRWLEL 685&ndlBOm/swhenRWL.exeeedsEL’IG(im

5y

-Based_on a 1ong-tennj-nau1¢ Peripa_'ieServoi_r o'perat_ion study _by_syntheric IR
- flows, technically divertable discharges are calculated monthly, and the =~
_ three consecutive year dwertable water with 80% guarantee is determined to -

bell2 MCM equlvalent to 537 MCM/ year.

C®

| 'Smce the agreement between CEDEGE and CRM hmlts lhe water dwersnon o
e only up to. 500 MCMlyear, it is necessary to reduce the. dwersron water
. .. volume from the technically divertable 537 MCM to: the agrecd 500 MCM o

mtenuonally to the. best interest of the project.

M

Itis proposed to reduce the dlverslon ﬂow toLa Esperanza in three monlhs :
from January to March when ramfalls are maxnmum and water demands are
_ minimum. The proposed monthly transbasm pattern lS ﬁna]ly determmed as

shown in the following table

. Monthly Transbasm Panem from Daule Penpa B RN

Month

7 Techmca[ly m— — e
Divertable Volume Ad’"“"d.v"l“"”, : Adjusled Discharge

January
February '
March
Aprl”
May

June
July
-Augus't
September
Octob'er
November
December

MCM) . MeM) ()
419 . 294 . 110
379 255105
392 2670 e 100
389 . 389 150
48.2 S a82 180
466 466 . 180
482 . T asa 180
482 - a2 o 18e
48,2':'. o 482 | L 1.3._0_.. .

TOTAL

469 469 115
oS4 s00

. 2-6 =



2331 General .Con‘ceﬁts of_ ReSer_voir Operation. '

La Esperanza receives natural flows from its own basm and diverted ﬂows from
Daule-Penpa La Esperanza together with the available interbasin flows of the Chone river
system should meet water demands for shrimp farming in the Chone estuary (99 MCM/

- year), river mamtenance (16 MCM/year), water supply to the Chone-La Estancilla water
~ supply system 45 MCM/year), Carrizal-Chone irrigation of 15,000 ha (253 MCM/year),
* Los Amarillos 1rngat10n of 1,000 ha (19 MCMIyear) and Dilution Water equwalent to 20%

of the 1rngatxon water requuement. .

La Esperanza should also divert water to Poza Honda Poza Honda receives

'_.natural ﬂows from 1ts own basin and dtverted flow from La Esperanza Poza Honda
: _together with the avatlable mterbasm ﬂows of the Portov1e]o nver should meet water

demands for water supply to the Poza Honda water supply system except the El Ceibal -
treatment plant (89 MCM/year). irrigation for Santa Ana system. of 3,300 ha (74 MCM/ |
year), for Pechtche-PasaJe system of 850 ha (20 MCM/year), for Mejla system of 1,250 ha'
(28 MCM/year), for Cetbal -Guayaba system of 4, 650 ha (111 MCM/year) and for

. Guarango system of 1,500 ha (36 MCM/year), shrimp farming in the Portoviejo estuary (3

MCM/year) river mamtenance 8 MCMlyear) and Dilution Water equivalent to 20% of the_
1rngauon water reqmrement -

' Po'za' Honda should also divert water to Mancha Grande of the Chico river basin.

The dwened ﬂows together wnh the available natural flow of the Chico river should meet
‘water supply to El Ceibal treatment plant (63 MCM/year), irrigation for Chico system of
__ “1,700 ha (31 MCMIyear) and Dtluuon Water equwalent to 20% of the lmgatton water

requirement,

2332 -B_asic C_onditions for lntegreted_Reservoir Operation Study -

W ’Reseryd’ir's'tafage' -cmes" '

ggggg Reservmr storage curves after 50 years sedlmentauon are used to make the study
:_":"3- conservauve FEEE ¥ ' o '
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ImgatronWaterReqmremcnt SRIRE PRI

- Imgatlon water requrrement is affected by the effectwe rainfall. - For the study.

irrigation water requlrement calcu]ated for a drought year with a return penod of 5

S .--years is used.

__(_35

(4)

®

©)

Di.l,ut,ion Wate_r, S

o Drlutron water equrvalent to 20% of the rmgatron water requrrement is apphed 0
-'fthe study to dalute unganon retum ﬂows

Use of 'Interb'asin Flows n

o "; dam can be used to meet water demands especlally dunng the ramy season Use of
o "up to 60% of the mterbasm flow is assumed to be al!owed

water Dt‘:mancl L_;e'vel o EaR

- Wa_.tcr 'deniands i'n' thc targét yearﬂbf 2020 are used for the stody. .

Target Reservoir Water Levels

The transbasm from Daule Penpa 0 l..a Esperanza is planned to be made by gravrty :
- Water transbasin is recommendéd to be: contmued as far as possrble The design

condition to maintain an open free flow in the diversion tunnel will, however limit
a range of the target water. level of La Esperanza not_more: than EL. 63 5m.

Therefore, it is planned to suspend water transbasin from Daule-Penpa when La - )
Esperanza water level is hrgher than EL. 63.5 m. In other words a target water'

level of La Esperanza is fixed at EL. 63. 5 m,

The transbasin from La Esperanz.a to Poza Honda is plarlr\ed'to:be made’ by .
pumping. Lower target water level of Poza Honda is dcsrrab!e 10 save. pumprng '

- gnergy cost and to aim at maximum utilization of the own basm flow hrmung a
_ spillout volume from Poza Honda 10 the minimum. However, if the target water.
level is too low, more frequent water shortage will take place durmg operauon';_' :
because the reservoir storage capacrty cannot be used effecnvcly A numbcr of tnal' '



(M

calculations concluded that the Poza Honda target water level should be EL.102.5
m, 4.0 m below the high water level of Poza Honda.

" Intake Level of 'Seye'rino Pumping Station at La Esperanza

- . An intake water le_vel;o'_fi__the Severino pumping station for water transbasin from La

®

. ('9}.

.(-1__6)_'-

" Esperanza to Poza Honda should be low enough to continue water pumping in low

level penod of La Esperanza However, the following two design condmons
require to ﬁx the 1make level at EL 47 m, hlgher than the low water level of La
Esperanza by 10m.

- _Antwlpated reservoxr sedlmentanon level of EL 45m at the Sevenno pumping

'_ station srte '

. " Allowable drawdown of La Esperanza water level duung construcuon of the

* Severino pumpmg station, fulﬁllmg the requxred minimium functions of La
Esperanza. o

: .Intek'e _Level of Po_za H_onde-Mancha Grande Diversion Tunnel

‘ The transbasm from Poza Honda to Mancha Grande is planned to be made by

gravity. The topographlc conditions at the tunnel outlet limit the lowest intake

; water level of Poza Honda at EL.94 m.

'vaerswn Capamty from Daule-Penpa toLa Esperanza

The dwers:on capac:ty from Daule~Penpa toLa Esperanza is ﬁxed to be 18 m’/s by

“the mlennsmuuona! agreement between CEDEGE and CRM as discussed in 2.3.2
' herem |

i?iveeion-cwi_ty gfremale Paperanzato ors Hond

A dwersron capacnty of 16 m /s was proposed in the feas;blhty study under the

o followmg condmons

- Reservoir storage' curves before reservoir sedimentation were used.



<" - Diliation water requirement to dilute irrigation return flows was not considered.
- _Interba_s_in ﬂoWs w'e_re not takerr mto aé_tiount;

-The mtegrated reservolr operatlon study s repeated based on the condmons

g ’descnbed from (1) to (12) hereof for a dwers:on capacny of 12 m’/s, 14 m /s and '_ :

Sy

16 m's.

oiv'eésiaﬁcapacity ﬁorﬁfPoia'Honde_to Mmﬁéic : | y

- If the rtatural ﬂow of the Chrco river is neglected water requrrements are 1 9m /s to
X supply the El Ceibal water treatment plant and 2.1m /s to cover peak 1mgatmn s

_ ) | water requtrement tn September for the Cluco rrngatron system of 1 ,700 ha |
. _1nciudmg 20% of the drlutlon water, totalmg 4 0 m3/s The drversron capacrty is,

a2

f; therefore, ﬁxed at4, 0 m Is.

Long_-ten'n Hydrolo'gical Series

Long-term hydrologicdl seriee were eirrruloted"at importent p'oiuts'irr ttte'Chone- -

~ .. Portoviejo river basins by the Tank Model method ona monthly basrs for a penodi |
-~ of20 years from 197110 1990 inthe feasrblhty study '

In the detailed desrgn study, the long-term hydrologrca! series a.re revrsed by a

simulation study using the CIDIAT Model for a penod of 29 years from 1964 o |

1992, The revised long -term hydrologtcal series are used for the mtegrated )

" reservoir operation study.

2.3.3.3 Integrated Resérvoir Operatio_n Study

Based on the conditions described 3 m 23.3. 2 an rntegrated reservorr operanon and L o
water balance study is conducted, using a computer program developed for this purpose. TR

The results are shown m Figs. 232 233, and234foratransbasm capacrty of 16 m’/s |
fromLaEspemnzatoPozaHonda(QEp—16m/s) in Figs. 2.3.5, 236and237forQE,—"' '

!4m/s,andelgs238 2.3.9, and 2.3.10 for Qg = tzm’/s.andmsummnzedmme_ SR

followmg table.



b | _Suﬁ}'mary‘ﬁf'ihtegratedz Reservoir Operation Study

La Esperanza-Poza Honda Transbasin

Descripion - - .- Capacity (m’/s)
| | 6 14 .12
LaEspcranzaRescrvo:.r L _ _ _ D
Maxwaterlevel ®Lm) 660 660 660
. MinvaerlevelBLm) . 398 404 - 400
. Mean water level (50%) (ELm) 599 602 603
Average water level B _ 537 591 5._9.3' _
Average splllout (MCMfyear) 118 115 118
e Average evaporanon (MCM!year) 2 21 21
- Max.transbasin from Daulc-Pcnpa (MCM/year}. -~ 3500 - 500_ - . 500
i,Average transbasin from Daule-Penpa(MCMlycar) 336 331 . 328
Max. transbesin to Poza Honda (MCM/year) -~ 380 369 . 348
Avemge transbasm to Poza Honda {MCM/year) 213 212 © 205
;Guarantee of water supply 10 Camzal-Chonc ) T '
Criverbasin(®) - - - 100(100) 100-(100) 100 (100)
Guamntee of transbasin to Poza Honda (%) 95 9% 96
‘ Poza Honda Rcscrvou | ' o
Max.water level (EL.m) o 1065 1065 1065
Min.water levei (EL.m) _ _ _ 88.3 88.3 ' 88.3
' Mean water level (50%) (EL.m) | 1032 1022 1015
Avcragewatcrlevcl L _ ' - 1022 1018 1013
B . Avemgesp:liwt(MCijear) o I 53 . SL 47
. Average evaporauon (MCMIyear) o - _ 6 6 6
_ Max, tmnsbasm fromLa Esperanza {MCMchar) 380 369 348
. Average transbasin from La Esperanza (MCMjyear) 213 . 212 205
* Max.transbasin to Mancha Grande (MCM/year) 69 59 - .55
Average transbasin to Mancha Grande (MCMjyear) 33 ) 31
3 ._-.Guaramu of watcr supply to Portovicjo . S
_riverbasin (%) - - . o - 97(83). 98(83) 9B (86)
'-'.'Gua.rantoc of water supply to Chlco o L '
nvcrbasm (%) L9680y 94(T2) 93(69)
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(Note) Guarantee of water supply is on monlhly basns F"lgutes in parenthesns j ,
R -are gualantee on annual basns which should be larger than 80% (water
S - shortage is allowed once in's years) -Mean water level lS took as
RS correspondmg to the 50% in the duratlon curve. ' E

| '1"he transbasm capacmes of Q;.;p = 12 m’ ls and QE,, 14 m /s are not
' recommendable because the guarantee of water supply to-the CthO nver basm mcludmg s

water supply to the El Celbal treatment plant 1s lower than 80% on an annual basxs

: " The tmnsbasm capacxty from La Esperanza to Poza Honda has been dec1ded to be'

16 m /s, based on the result of the mtegmted reservolr operatxon study and also taking -

o account of the followmg facto:s -

' Long tétm cohftini:'o‘_u's operation of a pumping station at its full capacity will be

© " difficult due to poséible fault in power supply o some mechanical wouble. In’

" case QEP =12m /s, a continuous operation of suxteen months is requlred whlle'
o mcaseQEp— 16 m’/s 1t is only ﬁvemonths. RN Ll

LA larger transbasin capaci'ty Wi_ll pmvide t_he Wlio'l'e transbasin schemes with
o -more‘ﬂexibili_ty to cope' with poss_ible‘future change_s'i_n_water demands.

_ - The schemauc water balance is shown in Flg 2 3 ll for the proposed transbasm_-
~ scheme with Q;.;p =16 m Is

4 In vel f

The nverbed elevation at the proposed Severino pumpmg stauon snte is EL 37m which i 1s : -
equal to LWL of La Esperanza. In the feasibility study, the minimum mtake water level for
diversion from La Esperanza to Poza Honda was proposed to be BL 3‘7m ' '

In the present detailed study, the minimum 1ntake water level is proposed 0. be EL 47Tmin
view of the followmg ' T :

(1) Reservoir sedimentation analysnshas stigg’ested:that t}te?expecte'd'sedj.ment-_.
level at the intake of the S¢_Verino pumping'sta_ti_on 'wi'll be'about EL 45' m._ _—
: ) 'Allowable drawdown of La Esperanza water level dunng construcuon of the__ '

Severino pumping station will be EL. 45 m, fulﬁllmg the mqutmd mlmmum_ 8
~ function of La Esperanza as dtscussed in 2. 3 5 '
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Y ) As shown in the result of the 1ntegrated reservoir operat:on and water

‘ B . - 'balance study based on the proposed minimum intake water level the
' ' nummum and average water level of La Esperanza are EL. 39.8m and EL.

. 58.7m, respectively, for the target water level of EL. 63.5 m, securing a

' guarantee level of transbasin to Poza Honda at 95 %, which is satisfactory.

: ‘_'For oonstrucnon of the Sevenno pumpmg stahon, itis necessary to keep the water ievel of
La Esperanza at a lower. level than HWL. Flood water levels are calculated by routing

flood hydrographs through the reservoir with different return periods assuming various
‘initial water levels of the reservoir.” Results are shown below.

| Coffering Reciuirem,ent during co_nstrﬁction of the Severino Pum;i Station

 "Retarn Period of Flood __ Initial Reservoir Level  Maximum Water Level
© (yeasy . (EL.m) (EL. m)
S [ R 37 20
o S 37 450
s ss . x 46.4
- S0 37 . 473
0. 30 433
25 | 40 o 46.9
50 D 4 480
100 | 40 | 486
T B A 57
25 . T R 50.7
50 - | 45 51.5
w45 52.0
B [ R | 30 ¥
25 50 543
50 . 50 550

w0 50 55.5

The Esperanza dam is scheduled to be completed in early 1996 and 1o start 1mpound1ng
from the rainy season of 1996, which means that the construction of the Sevenno pumping
station in around 1997/1998 be made when the reservoir is created. The Carrizal-Chone

oo



irrigation system of 15,000 ha will not be placed in service until 1998 and the water
demand to be met by La Esperanza will be limited until then. o

If CRM allows to reduce the reservoir water level to LWL of EL. 37 m, the Severino
pumping station, the intake level of which is at EL. 45 m, will not need coffering. But, in
this case, La Esperanza cannot supply water to downstream during the construction of the
Severino pumping station, It is recommended, therefore, to keep reservoir water level of
La Esperanza at EL. 45 m to meet the limited water demand in the dry season during the
construction of the Severino pumping station. Then, coffering requirement will be about 6
m including 0.3 m freeboard from the foundation of EL. 45 m, preparing for a 25 year
probable flood. o | - | [T
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Chapter 3 STUDIES AND INVESTIGATIONS

3.1_ . General

Studies and .iﬁvéStig_atibns conducted for the feasibility study stage aré reviewed,
updated and supplemented in this detailed study stage.

In the hydrological studies, the river flow simulation study is revised and updated,
the reservoir sedimentation study is supplemented, and the water quahty study is reviewed

with some addmonal water quahty tests,

The detailéd tbpdgfaphic mapping is made at the structure sites and additional

~ topographic survey is. camed out along the access roads and: the route of the power

transmlsswn llne

Geologicai investigations as well as the construction material investigations are

cconducted to supplement the previous geotechnical and material investigations and to
further confil_'m geo_t:qhni(;al conditions and availability of construction malerials.

The envnronmenta! studnes are rev1ewed and detailed with addmonal water quahty

- tests m the study area and tidal measuremcnts in the Chone estuary The msmunonal
'studles are also rev1ewed and detalled ' '

32 Hydrol_égical Studiés

The hydrologlcal studies during the feasibility study executed in 1991 to 1992 have

- 'been rev:cwed updated and supplemenled in this detailed design stage in the following
_ procedure : : '

(l;)_: B -Col_lectib_n_ of recent meteo-hydrological data mainly on precipitations - -
- (2) - Checking of reliability and consistency of the meteo-hydrological data -
(3) - Regional rainfall analysis to generate flood hydrographs
4y - Generatlon of long-term monthly runoff series -
o (5) _ Sedlment analysm in reservoirs



(1) Precxpnanon ;:-

In thts study have been used the dally rainfall data at the followmg elght

prempnanon stanons lo-cated m the sludy area as shown in Figure 3 2 l

.. Precipitation Station .~ - .,

Reg:stered Period. ..
L. Dos Bocas 1964 - 19921”_';,
2. Chene | 1964 “199s" SIS
3. Portovigjo- : ::71,-96_4',1992 L
4. Roc’afuerte | 19641992
5. Calceta - 1964- Jogs
6. Chamotete sl
7. Santa Ana TR ' 1_9:64_-.-19_8'5-‘ .
8. Boyaca L 1 ‘;}65'; 1992 o

Checklng of rellablllty and consnstency of the. ramfall data was made by means of a
" double mass curve method, and data in some part of the registered penod were corrected :

applying the correlation with the ramfall data at nelghbonng stations establ:shcd in the o
feasibility study :

The precipitation series of each precipitation stauon have been prepared for 29 years :
from 1964 to 1992 as presented in Tables 3 2.1t03.2.8.

@ Evapbrauo'n -

Evaporation data at Portoviejo meteorological stauon have been used because itis .
. the only station that keeps good and continuous evaporatnon data observed by the

Evaporation Pan-Class A. The regnstered evaporauon data from 1964 to 1992 are gwen in
Table329 ‘ _ L all ‘ ‘ 3

3) Streamﬂow

In order to fit the monthly hydrologlcal model it'is necessary o selecl some .

representative streamflow recording stations in the study area with contmuous and rehable- o

_records The followmg three stations are ﬁnally selected.



Streamflow Recording Station .~ Registered Period

' Carrizal Riverat Caleeta 1964 - 1980 .
" Chico River at Alajuela -~ " 1970-1982
Grande River at AJ. Mosquito 1971 - 1982

) Zoning by Storm Characteristics

Frequency curves are ﬁrst drawn for the selected 8 precrprtatlon stations based on

_ daily rainfall data to ‘assess storm “characteristics, appiymg the Gumbel's Extreme

Dlstnbunon Type 1. This first evaluation has 1nd1cated that the upper bound be represented

_ __'by Chamotete statron and the lower bound be represented by:Rocafuete station and that
Calceta station be in between the ‘upper and the lower bounds Thls ciearly shows the

variation of storm chamctenstrcs from the mountam to the sed.
'From the above, the"fol'loWing zoning is made which is shown in Figure 3.2.1,
Zone 1 represented by Chamotete statron |
Zone 2 represented by Calceta statxon N

Zone 3 represented by Rocafuerte station

(2) ' Ramfail Intensnty-Duratlon-Frequency Curves

In the study area,’ only daily ramfall data are avallable ‘To draw ramfall intensity-

-duratron frequency curves, it is necessary to assume hourly rainfall pattern from the daily
. ramfau : e : _ :

| "Ihereare several automatrc rainfall gaging stations in the Guayas river basin located

: 1mmed1ately to the east of the study area, where hourly rainfall data are available as well as

daily rainfall data. 'Therefore based on the rainfall data in the Guayas river basin, an

- ﬁhourly ramfall drstnbuuon of the daﬂy rainfall has been determined.

The hourly ramfall drstnbutlon is apphed to the stations of Chamotete, Calceta and

~‘Rocafuerte, and the Rainfall Intensuy-Duratlon-Frequency curves are drawn for Zone 1, 2
: ”"‘:-and3 asshowanigures322t0324 '



o (3) Ramfall Areal Dlstnbutlon | | |
A pomt rmnfall should be converted toa basm average ramfa]l by a coefﬁclenl of '

~ areal dlsmbutlon of .the point rainfall. The. coefﬁcrenl has. been deﬁned through the,
' analys:s of many. storms Iecorded in Manabi Provmce

@ Probable Stotm HyetOgraph |

" Based on the data stated heremabove, probable storm hyetographs can. be

o "estabhshed usmg the cntena of the u.s. Corps of Eng:neers .

' .. (5 Ramfall-Flood Model

A rmnfa!l flood model named Hydro has been used to convert probab!e storm :

' _:: hyel.ographs to probable flood hydrographs The model is bas:cally the same as the L

_._"Hydrograph Evaluation of the Hydrologlc Model Package of the Agncultural Research L
Servxce of the U.S. Department of Agnculture The model is explamed in Annex 1 o

_ A model for hydrologrca] srmulanon developed by CIDiAT in 1986 has been used |
to generate long-term' monthly hydrologlcal series by momhly ramfal] and other
meteohydrologlcal data The model is explamed in Annex 1

The fitting of the model was done based on the streamﬂow data at three

hydrologwal stations mentioned before. In Figures 3, 2.5 10 3.2. 7 are presented the fitting

of the model at each stauon, which.assures that the cahbraUOn of. the model is sansfactory

Applying the 'parameters fixed during 'the model. ﬁlting fo’r the selected three
stations, streamflows at the following 12 locations are generated from- 1964 101992 and
presemed in Tables. 3.2.1010 3.2.24 in m3ls and in Tables 3 22510 3 2. 39 in MCM. ‘The.
locations.are gwen m Figure 2, 3 1.



Type of

L wm‘ _ Drainage Area
IR ~(km?) Parameters
* For Model Fitting |
~ A. Chico river at Alajuela 183.0 A
B. Grande river at AJ. Mosqmto 187.2 B.
C.  Cartizal river at Caloeta 523.0 C
3 _'F‘or Simalation
1. LaEsperanza damsite ms0 - C
2. PoiaHondadamsite 170.0 A
- 3. Santa Ana dxverslon damsite \ 481.9 A
4 la E.stancﬂla diversion damsnte o 769.6 C
5. Chico nveratLaC:enaga ' _' 347.2 A _
6. Ponowc_]o_ river at El Ceibal -~ 17944 A
T ‘Por;o\"i_ejo ;-i_v_e;: (confluent wi.;h Chico river) | 1,190.0 _' A
8 Chi'co rivor (cooﬂ'ue:m. wnh Ponoviejo river) . _. 585.0 A
9. E.stuary of Portovnejo river ' 2,(_)60.0 - A
“10. Camzal river (confluent. wnh Chone nver) - 1,166.0 . C
11 Chonc river (conﬂuem wuh Carrizal nver) 755.0 B
12, Estuary of Chone river ' 2,267.0 B

33 Sediment_ﬁtiop and Water Qoality

imentation

A reservoir created by a dam on a natural river course is subject to sediment inflow

and its deposition in the'reservoir' As a matter of fact, many reservoirs in the world are

suffenng fonn a sodlmemauon problem Whlch could hamper a proper operation of the dam
and. rescrvou- s

In the pro;ect three reservonrs are planned to be mterconnected by lhe proposed

: __3”5. “

-tmnsbasm schemes, whlch should be des1gned in duc consnderauon of ‘the reservoir
sedlmentanon probiem '



(1) * - Total Sediment Yield -

 The three reservoirs are designed to cope with the following sediment yield. .
_ Pfojea - Catchment i Sedlment
 Reservoir 7 Life - Area oo Yleld Rate .
e e Gmd) '(MC'M). ..(m3/km2/year)?
DaulePeripa S0 4200 260 . 1238 -
| Poza_Honda 100 "1-70- - '13 743

- The Poza Honda dam was constructed in. 1971 A bathymetnc survey was
conducted in the Poza Honda reservoir from 1978 to 1985 to conﬁrm a‘sediment rate. The

sediment rate measured was as high as 1,750 m3lkm2/ycar, resulung in a final sednmem '
- yield of 30 MCM after the useful life of 100 years. - i '

It is decnded 10 study reservoir sedimentation for the followmg nine cases (three

cases for each reservonr) to fol!owlhedevelopment of reservoir sedimentation. - B .
StudyCdses . o o
o  Project Life (Years)
Reservoir ,_ 00 S0 25 125
Daule Peripa P 260 130 65
La Esperanza 64 ®» 6.
Poza Honda 30 B 13’* o _ 75 o

Figures are total sediment yield in MCM.
* Original design value for Poza Honda
@ .Reservoir Sediment Deposition L |

Development of scdtmenl deposmon ina reservonr is qulte complex because of the
variations of many infiuence factors such as hydrological fiuctuation in water and sediment -
inflow, texture and size of deposited sediment pamdes, ﬂuctuatlon in reservoir waler levels
dunng operanon s1ze and shape of the reservonr, etc :

"::3-5' .



_ - A method prOpOsed'by the U.S. Bureau of Reclamation has been applied in this
"sedtment study because it covers essential sedimentation characteristics to be considered in
the design of dams and reservoirs and is related to the sedimentation processes in the
reservoir. The method is practical, techmcally sound and sufficiently verified to fit the
- complexity of the problem based on observed sediment distribution in many reservoirs in
the United States

’I‘he area~storage curve of each reservoir is modified in consideration of sediment
deposlt:on in the reservoir and shown in Figures 3.3.1 t0 3.3.3, correspondmg to the design
sedtment yreld of each reservmr

o lt is generally known that so-called Delta Deposrts are developed at around ‘the
| average water level of & reservoir when a streamflow loses its velecnty and sedlmentauon
takes place. The formation of Delta Deposits is taken into account and sedtment levels at
the structure sites in the reservo:rs_are estimated as follows: -

Structure Site - R Reséﬁoi; (l)_rigi-nal'bevel of Sedimentll.euel‘ .
) o Riverbed after Project Life
- ‘Conguillo Intake ~ . Daule Peripa CEL.69m - -  EL 77m
: Seveﬁnb P.S. ._ La Esperanza. EL.36m EL. 45m.
Membrillo Outlet ~ LaEsperanza  EL.62m  EL.64m
CuyuyesOutet ~ PozaHonda ~ EL97m EL.104m

~ Poza Honda Inlet PozaHonda = EL.77m  EL.82m

Details on the reservoir sedimentation study are given in Annex 1.
w '

- Water samplmg was carned out in 17 predetermined stations throughout the pmJect
'area as shown in Figure 3.3.4. Water was sampled during the dry season (November 18 to
'December 3, 1993), (May 30 to June 13, 1994) and (August 15 to. 29 1994) and during the-
o ramy season (January 10 to January 28 1994) '

_ | Twenty s:x (26) physrcal-chemlcal parameters were evaluated at each’ statton, and
:.results of BOD, COD T-N and T-P, in addition to water quality data in the prev1ous :
; 'studres, are used as evaluat:non parameters for potlution load analysns '
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No major mdustnes as pomt source poliuuon are present in the project area. Detmls |
-on water qualny and predlcnon of change in water quahty due toa proyect lmplementatlon L
'_=aredlscussedm8ecnon36 : e L R N
34 To'pogr'; aphic 'S'ur'vey'_;: -

| 1y Control Pomt Survey

_ Control point survey was done by means of the Global Posmonmg System (GPS)
with ievelmg survey-to mtegrate the topograph:cal relat:onshnps x,y coordinates and

felevanons) of the proposed structures 'l‘ms survey was done by Instltuto Geogréﬁco -

_J'Mxlitar (GM).

bocauons of the twenty four (24) control pomts from CP 23 to 46 are shown in
Figure 3.4.1 and X, Y coordinates of these control points are shown in Table 3.4.1. The
control’ pomts were related to the control pomts wh:eh were estabhshed in JICA Feasrb:hty_ -
Study stage AR : : ' : :

_ Levehng survey ‘has been done based on-the existing levellng pomts Wthh were’
confirmed by IGM or JICA Feastbthty Study Team

The Control point survey was carned out based on the followmg four (4) exlstmg
pomts whxch are shown in Flgure 34.1. : ; Lo -

Corltro'l 'Points: - N(North) -~ E(East) ~  Hiheight)

EL TABLON 9907248180 - 599319.800 ~ - 358214
MINAYA | 9893895.440 580495760 551024
ALAJUELA 9896428.143 639158432 116980

TANQUE S "'.'9909430.23_2-='_ :’-._587841._529 s -33.'872_

Positioning of each control pomt was camed out: by usmg three umts of GPS o

receivers with assistance of more than four.(4) satelhtes wnth continuous measurement up .
to two hours, Posmomng hours by GPS was dectded based on the mfom'tanon on sateilltes o

Based on the followmg geographlcal datum. conversron from GPS to Ecuadonan o
geographtcal system was made. :
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B (aj Hoﬁzohtal-?SAD«-SG (La Canoa-Venezuela)

o

(b) Vcrucal de La leenad Provincia del Guayas
(mcan sea level)

(c) Ellipsoid Hayford-Intemational

" (@a=6,378,388 m, 1/f=297.00)

(d) Projection' ' Umversal Transverse Mercator
- (UTM, Zone 17)

© Scale Factor O 9996 on lhe longltude West 81 degree

| '.l‘able' 34 1 ShoWs‘ conversioh”from lcngitude and latitude (GPS) to chth to Eést
(Ecuadonan Geographlcal System) Elevation of each control point is shown in the same
table. - ,

 Accuracy of control points is shown in Table 3.4.2.

'I'f:c:folldvving equipments were used for the control point survey by GPS. |

"(a) GPSReceiver  :  ASHTECH XII

(b) Computer ~ : ALR 386 BGA
© Soft_ware_ . GPPS
‘:Levellng Survey -

Levchng survey was carned out to connect from the ﬁrst grade existing level points

in Ecuador Tota] length of the levclmg survéy was about 137 km,

Accuracy of the levelmg is shown in Table 3 4,3, All the lcvelmg results were

wuhm specified accuracy of 10mm < §
‘The folloWing_' equipments were used for leveling.

(a) Level :  WILD NAK-2
- (b) Staff @ InvarSwff



Exustmg bench marks for reference Ievel pomts are shown in Flgure 3 a, 2 and
~ shown below L ‘ : : :

. Bench Mark . S Elevation . .. .- . - Reniarks
(). VII-B-7-D - - 453274 ﬁrstorder o
: @ VILB8A 268217 . dmo |
G MQ4s  maler o diwo
@ M4 Isuess 0 dite
L) MOMAY . am0es gt
. ®) XNLBAT 12106 o e
MQetA - ane0  diwo
@ MQei . 195066 - dito
® _MQ—92_ o gaese g
©) PEISSMY . 136335 fouthorder
(10) MQ-9%6 - 648902 fistorder -
() MQ97 T exse2 o ditto

Transmission Line

Topograph:c survey composed of plane table, proﬁle and cross secnon along access‘_
roads and transmission line was camed out by local contractors. S

Locaton ofthe suveyis shown i Figore 343 'an,d listed below.

(1) Conguillo Access Road -

(2) El Guasmo Access Road

(3) Membrillo OQutiet Access Road

{4) Severino Access Road - .

(5) Caiia Dulce Inlet Access Road

(6) Los Cuyuyes Access Road

(7) La Seca Access Road

(8) Poza Honda Inlet Access Road. -
(9) Daule-Peripa ~ Sevenno Tmnsm;ssnon Llnc :

Survey items and quantities are as follows:




@)

'gurveﬁltem ..

Qu‘antity Scale
(1) Conguillo Access Road R
- (a):.. Plane table 2.8 km2 . 1/2,000
(b) Proﬁle '226km ~ H:1/2,000
' - _ V:1/500
{c) Cross section (50 m intervals) 990 sections H:1/200
_ : V:1/200
El Guasmo Access Road -
(a) Plane table 0.2 km2 12,000
(b) Profile 1.6 km H:1/2,000
V:1/500
(¢} Cross section (SOmmterva]s) 73 sections H:1/200 -
: L V:1/200
3) Membnllo Outlet Access Road ' -

Ny (a) Plane table : 0.05km2 o 142,000
(b) Profile 035km . “H:1/2,000
S : . : o . Y:1/500
(¢) - Cross section (50 m intervals) 15 sections H:1/200

o _ S o V:1/200
{4). Severino Access Road R S _ o

_ " (a) Plane table 11.0km2 112,000
(b) Profile 9.3 km H:1/2,000
: ' ' _ V:1/500

{¢) Cross section (50 m intervals) 374 sections - - - H:1/200
- SR - . V:1/200
(5) ‘Caiia Duice Inlet Access Road
" (a)  Plane table : . 3.0km2 - 12,000
_(b} Profile ' 27km - H:1/2,000
: a ‘ _ V:1/500
" '(c) Cross secuon (50 m mtervals)- . 116 sections H:1/200

C R4 1/200

. (6) _Los Cuyuyes Acoess Road '

. (a) Plane table - 15.0km2 12,000

- (b) Profile 12,6 km © H:1/2,000
P S ' o , V:1/500
C (c) Cross secuon (50 m mtervals) . 555 sections ‘H:1/200
o : g V:1/200

(7. La Seca Access Road S Co

- “(a) Plane table - 4.5 km2 1/2,000

.'(b) Proﬁle '3.8km - H:1/2,000
o e : : V:1/500
S (c) Cmss section (50 m mtervals) 158 sections H:t/200
D _ V:1/200
(8.)__'Poza Honda Inlet Access Road s LT

o (a) Plane table - - 1.0km2 172,000

IS (b) Proﬁle SR 0.67 km "H:1/2,000

: _ _ V:1/500

L _(c) Cross sectlon (50 m mtervals) 35sections = . H:1/200
Bt oo V1/200

(9_);;:Daule-Penpa Sevenno Transmtssmn ]..me w S

.0 (a) -Plane table ~33km2 1/2,000

o }._(b) Proﬁle . _ 326km H:1/2,000

3 V:1/500

R 51



Topographlc survey for structure snes is camed oul by local contmclor Thns survey

cons1sts of plane tables, proﬁles and Cross sectlons - '

heted below

(1)_'?,_,' "C'o'_nguillo Inlet - .
~ (2) - ‘Membrillo Outlet -
(3 ,:Caﬁa Dulce Inlet .
(@) - Los Cuyeyes Ouﬂet
~(5). - Poza Honda Inlet
' (6) . Mancha Grande Outlet

M ~ Severino Pumping Station Sl

(8): " Severino Penstock *
(9) .- Severino Head Tank
_ (10) Severino Substanon :
- (1 1) Severmo Open Channel

: Survey items and quanuue_s are as folloWs :

Locanon of the survey for eleven (1 l) structure snes lS shown m Figure 3 43 and

‘Survey ltem

=()Luantlty

L §cele.

(1) Conguillo Inlet
.. (a) Plane table
()] Cross section -

10,000m2. .
6 sections
V:1/200

p
W10

) Membrillo Outiel
(a) Plane table
(b) Cross section

10,000km2
. 6sections -+ .

. 1/200
‘H: 1200

(3) Cafia Dulce inlet .
.. .(ay Plane table
g (b) Cross section

16,000 m2
.- 6 sections

. V:1/200

“1/200

. H:200
V200

(@) Los Cuyeyes Outlet
(a) Plane table
{b) Cross section

1a000m2
6 sections

1P
V11200

(5)' Poza Honda Inlet
. (a) ~ Plane table
(b) Cross section

133 ooom_- _
-6 sectlons _?_:5 i

1000~

H:1200

) Mancha Grande Outlet
- {(a) Plane table o
(b) Cross section

- 58 000m2
6sect|0ns _

VP00

e
H:3/200



'surveyﬁm ' — ' ' 'Quartti_ty _ " ocale

: (7)Severmo Pumpmg Station ) o
' Plane table .~ 74,000 m 1/200
(8)Severino Penstock - L w D e
_____Planetable 20,000m” 1/200
E (9)Sever1no Head Tank 2 o '
) Plane table 10000m~  1/200
~ (10) Severino substation : ' L, REC
o Plane table _- 20,000 m 1/200 _
(11) Severino Open Channel | ' ' ) _
" (a) Planetable . 672,000m 1200
~(b) Profile . -~ - - . 640m H:1/200
" (¢) ~Cross section R : 340 sections - - H:1/200

(@25 mintervals) S o V1200

. 3.5 ‘_ Geology and C:or:_‘.listr_ttrctiotr Met_erials |
(1) - General
The Pro;ect area is s located in the Coast Zone in geomorphologrcal class1ﬁcatron of

_Ecuador which covers a region of low hills developing between the Andes Range and the
' 'Pacxﬁc coast The hllls are composed of soft sedimentary stratlﬁed almost horrzontal

) The followmg geologlcal mvestrgatrons havc been performed for the detmled design
Cof the Pro;ect '

- Core drillirig on the transbasin waterways | - B 370m/11 locations

- Water pressure tests m dnll holes L :
(Lugeon tests and open end tests) o . 31 sections

Standardpcn'etrationtestsin__d_rillhole's_. L satmes

- Test plttmg on. the open cha.nnel and ‘ B
" transmxssson llne routes - S 15 locations



_'- SoundmgbySPT ontheopenchannel theu'ansrmssron e

line and tunnel portals on the Poza Honda reservorr ' 61 locahons
o | - Geologrcal mappmg of the transbasm waterway 4 lbeatiqn_s;
. ] Laboratory rock test _ .. - . l l core'-sa!hpies;"_'

_ Detarls of the geologrcal mvesugatrons are gwen in- Anncx 2

@ : Geotechmcal Consrderanons for Tu,me] DCSIgn B

:The dwersron tunnels to mterconnect the basins of the Daule river, the Carrizal B
river, the: Pbrtovre_]o river and. the Mancha Grande river are planned to be lald at levels

between EL. 60 m and EL. 110 m. In these levels, the tunnels will be located in the
horizontal beds of the Onzole’ Formauon composed of conglomerates, sandslones and
'mudstones : :

; Some of the sandstone beds with less contents df finer particles are poorly cernenged

and porous, while the other sandstones, the conglomerates and almost all the mudstones are

moderately cemented, compact and massive. The bedrocks envisaged to be encountered by

the tunnels are generally of moderately cemented and tight. The poorly cememed |

;sandstone will not be met in the contemplated tunnel level. Mudstones inthe Poza Honda-
Mancha Grande diversion tunnel, however, can be. weaker than the rocks in the other
j_ turmels because of deeper developed weathenng common m that area. L

The geotechmcal propemes of the bedrocks, based on the Iaboralory lestmgs and'_ '
parily on the empirical Judgemem are shown on Tables 3.5.1 and 3.5.2. The compressive .

__strength of intact rocks ranges from 40 to 50 lcgf/cm2 the defonnauon ‘modulus is from
7,000 to 10,000 kgf/em?; the cohesron from 3105 kgflc:m2 and the mternal angle of fnchon
bemg 40 degrees. :

Seepage potential varies from zero to more than 60 in Lugeon unu in the water

pressure testing in boieholes, [t also showed many signs of deformation of the bedrocks

under pressure of 4 to 6 kgffcm2, as represented by abrupt and steep increment of water |
injection rate suddenly rose from almost zero to 180 litres every minute at the pressure of -
10 ln:gf/cm2 ‘These phenomena are deemed not always to mdlcate breakage or destruction’

of the bedrock but be at least evidences of partly 1rreversrble opemng of ﬁssures for water
passage forced by the mcreased pressures. . :

Thnhel sections near lhe'por'tals are inevitably located in the weatheredrock zome
with less strengths and, possibly, higher seepage potential. Poor rock conditions have to be.
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“

envisaged also in sections where the tunnels pass under thin rock cover under gullies.
‘There are two locatrons of thin rock covers of only 16 m and 18 m in the route of the Daule

. Penpa-La Esperanza dwersron tunnel and one with rock cover of 22m in the La
‘ Esperanza~Poza Honda dtversron tunnel These secttons will require technique to cope

with possrble htgh dtschat‘ge of groundwater and very soft bedrocks weakened by water

~ seepage.

Shotcretmg of 10 to 15 cm in thickness and rock boltings, contemplated in the

| feastbrltty study, are deemed to be appropnate method for supporting the tunnel. A
: planned method of tunnelhng by cutttng machine, mstead of blastmg, 1s suttable for those
_ soft, ‘compact and massrve bedrocks

Steel su’pportin’g will also be needed, especially in the said sections through

-weathered rocks and under thin rock covers. Close. mstallatton of the steel supports, e.g. at
: 0 75m mtervals, ‘may be requrred in those weak rock. zones Provrston to dnll drainage
~ holes in advance to progress ‘of the tunnellmg work will also be required in order to conitrol
_ _'groundwater dtscharge. if foregomg exploratory dnlhngs from the tunnel face mdtcate 1ts_
necessrty '

Some of the bedrocks show tendencies of slaking and swellmg, probany due to clay

',mmerals of the montrnortllomte group contained. The swelltng pressure index observed in -

the laboratory test, however, is apprecrably low with values around 1.5 kgf/cm? or less ,
. except for one sample .The slakmg is to be suppressed by covermg the rock surface with
8 shotcrete to prevent its dtrect contact wrth the atmosphere

It is deemed essenttal to apply concrete ltntng to the full length of the tunnel for

k permanent protection of the soft bedrock in the tunnel perrphery which is vulnerable to
-erosion by water flow. It will also work to suppress unfavourable effect of rock swelling, if

’l‘urmellmg of gallenes under way in La Esperanza Dam provrdes a good example of

L a tunnel in the Miocene Onzole Formation. With steel supports at short intervals and

_,_-shoterettng, the tunnellmg through weathered rocks has been performed successfully. A

- '-few parts of nottceable groundwater discharge appeaned to have caused no serious troubles.

S Although the tunnel at La Esperanza was being driven adequately with blasting, the

- . mechanical cutting will be efﬁcrent and preferable for the long tunnels as those for the
o -.transbasm water flow. :



_ (3.)', - Geotechmcal Conmderauons for Structure Desrgns

o For the Sevenno pumpmg stauon to pump up the water of La Esperanza reservotr to

‘ 7_;the open channel leadmg tothe La Esperanza Pom Honda tunnel the pumping stauon w1|1 ‘
_.bc founded largely on the sandstone, some of whtch are poorly cemented ‘and | porous but

‘will not be difficult for excavauon and construction of the shaft because they are usually m '

‘ jdty condluon owmg to the very low: groundwater table pear a steep slope

. ln the Sevenno head tank and on the route of the Sevenno open channel a core
. dnlhng, ten test ptts and 54 soundmgs have mdtcated that the. thickness of colluvnal L
"overburden is 3 m or léss in most parts. The tank and channel will be for the most part set -

- in the mudstone bedrock, which, even if weathered has sufﬁcxent strength to support the :

. tank and channel structures

A watcr pressure test mdlcated due ttghtness of the rock agamst water of Such a low' S
' head as is butlt up in the open channel It will be an appropnate approach however, o

N design artificial coating of the channel bottom with concrete or earth blanket to secure its

: watcrughtness, consndenng varied seepage conditions of the rocks reﬂectmg local vanauon »

in tntensrty of weathenng and detenoratton

_ Swelhng and slakmg charactensttcs of the bedrock and the earth rnatenal ongmated -
[in the same rock may ‘cause a problem also for the open channel route Constdenng that_ B
. this geotechmcal feature can not be completely avonded wrthm the extenswe reglon where

the Onzole Formation develops. the unfavourable aspects of thls feature have to be coped

with by the design of countermeasures Fortunately, the tendencres of swellmg and slaking -~
are neither senously high nor prevalent in all the rock beds. From practical point of view, . :

N minor swelling on a cut slope of the canal will be not senously damageous Slakmg, if ¢ any,
can be prevented by covenng the rock w1th shotcrete or earth matertal

Aliuvnal deposn can be thick, e.g., up to 10 m, at the bottom of the gulhes on thc' |

open channel route Wthh are to be crossed wrth stphons

For foundauons of the Severmo substatton and towers of the transmrssron ltne, the
overburden is thin and weathered bedrocks of sufﬁcrent strength wrll be reached inthe
depth of a few metres, No problem is envnsaged for foundattons of structures for the power_ :

' supply.

BT I
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