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THE WATER TRANSBASIN SCHEMES .
FOR CHONE- ORTOVIEJO RIVER BASINS

IMPLEMENTATION PROGRAM
o SU_MMARY

1o _The Provmce of Manabt has long been suttenng a habttual water shortage problem

..~ The Choneé and Portovrejo river- basms are located in the central part of Manabi Province

B _' _and have a great potenttal for socro-economtc development if only a sufficient quahty
7 and quanttty of water supply is assured The Centro de Rehabilitacién de Manabi
_— “(CRM) has: been makmg greatest efforts to solve this severe. water shortage problem
_ since its establtshment in’ 1962, and has implemented and has been implementing several '
'._;water resources development pro;ects in the Project area, ‘which, however, cannot meet

o ever growmg water demands without: the nnplementatton of the Water Transbasm o

'- Schemes for the Chone Portovrejo river basins (the PrOJect) dtvertmg water of the
—— 'extstmg Daule-Penpa reservorr to the Pl‘Q]CCl area :

P CRM started a comprehenswe master plan study on the mtegrated water resources
' \development of Manabt Provmce (PHIMA) in 1986 i in cooperatton with other relevant
Govemmental institutions. The Organization of American States (OAS) joined the
st ‘PH]MA study in late: 1987 and the Govemment of Japan also joined the PHIMA study
L “in early: 1989 through the Japan International Cooperation Agency (JICA). The PHIMA
"'-ff"-_f"j:ﬁnal report 1ssued in- January 1990 by JICA recommended to conduct a feasrbrltty study
" on the’ water transbasm schemes ttom the Daule- Pcrtpa reservoir to. the Chone-
‘i}Portovre]o rtver basms S :

:5' A fCaSlblllty study on the Prt)]ect was conducted by JICA in collaboratton wrth CRM
-~ and other relevant 1nst|tuttons of the Government of Ecuador from March 1991 to
| '_"-‘—*’:December 1992 "The feasahtltty study Justtﬁed the: Prt)]ect to be soc1o~economtcally
' '“—:'fettsrble and envrronmentally sound ' ' '

L f'._‘:i_:At the request of the Govemment of Ecuador the Government of Japan agreed to
R :._':_proceed with the ‘Project into the Detailed Design Stage. JICA, in collaboration with
T -&"CRM executed the detatled desrgn study on the PleeCt from October 1993 to March

B 9.5.'-‘_.“ - Dot "(V . ) i . . . !

: VTheobJectwe of the-QIPro]ect is to contt |bute the s0cio- -€CoNomic development of the
'-Protect area by stable water supply to mcct the followmg water demands SRR



.. Portoviejo river basms has an aréa of 4,871, km*; Topographzcally, the Pro;ect area

; "(-2_) Water supply for domesnc, tounsm and tndustnal use to oovcr the populatton of (RN . RS
650, 000 in the Portovnejo river bas:n mcludmg the Manta and Jtpuapa area (70% i ERR &
. of the. total populatlon) and the populanon of 40 000 in thc Chone rtver basm-_..- .

- _(12% of the tota! populatton) m the ycar "0"0 1 i e

) ,_ .Water supply for tmgatton inanet area of 12 150 ha in the Portov:ejo nver basm'?_' R
S ___'and 1, 000 ha in the Chone nVer basm ' : o

: ::-(3)‘ _l_'Frosh water supply to shrtmp farms in a gross arca of 5 500 ha m the estuanesof ::'.: | I_ f- b
o the Chone and Portovne_lo nvcrs . Wy - D i ey

e 4y ."V-Increase of river mamtenance ﬂow to mtp:ove watcr qualtty and to conscrve eco—___ il
systems of thc Chone and Portov:ejo rivers mcludtng thclr estua.nes' . o

. anabt Provmce has an area of about 19 000 km whtle the Pro_|ect area;: theiChone- .

g forms htgher e]evattons towards the east from the flat coastal area: in the: west Major'- -f_- " B S
; geologtcal layers in the Pro;ect area arc’ Borbén Onzole and Tosagua formattons in
Tcrttary “The :Onzole: formanon consnsttng of soft sandstone and mudstone_tsff- '
o profoundly related to engmeenng WOrks of thc Project ' £t

'The PrOJect area ts dommated by a compltcated trOpacal chmate affected Y the

o Humboldt cold current and Eb Nifio phenomenon Mean annuai ralnfall in; the Prolect

- Clty

* rea varies from 400 mm in ‘the south western part to 1 800 mmin- the. castcrn pan with S
" about 90% of the annual ramfall concenttated in-the ramy scason from. Decembcr to" g R
May. The seasonal Auctuation of mean month]y temperature, on the other hand is R
small, the lowest of 23.8°Ci in Aunust and the h]ﬂhgs[ of '?6 0°C in March in POITOV]G]O s .

The Pro_;ect area is basncally formed hy two’ nver systems, the Chone river system wrth' S

* a catchment ared of 2,267 km and the POI‘(OVIGJO river. system wrth a. catchment areaof o

2,060 km*, The Carrizal river is 3 major tnbutary of the Chone river wnth a catchment":; e

- areaof 1, 166 k', and the Chico river is a major tnbutary of the Portovrejo riyer, w1th a T
catchment area of 585 k'’ e R R o

| Populatton of Ecuador is 9 7 mtihon in 1990 Populatton ot‘ Manabt Pro_rnce was7

1,032,000 in 1990 while the populatton of the Pro;ect area was 480 300 in the same
-~ year, The populatzon of the Pro_|ect beneﬁcrary area mcludmg Manta and 1i ""ja ‘area
was 685 600:in’ 1990, and is: forecasted to increase. to 1 240, 300 in- 2020' =Gross_ Sy
" 'Domestac Product (GDP) of Ecuador was SI 8, |30 btlhon tn 1990 wtth GDP per capita N




SR f‘.}‘t"fof S/. 840000 equ:valent to USS 1 0’50 Gross Reﬂtonal Product (GRP) of Manabt
& G 'E@E""Provmce was s /. 599 btlllon in 1990 with GRP per cap:ta of §/.580,000 equtvalent to
R "-'-i"Uss M. | o SR

6 :Eln the Prolect area, a number of water fESOUrces development projects have been
o "'f'planned studted and 1mplemented The followmg proyects and studies are, among

e _'others, closely related to the Proyect L

E-i Poia'Honda MultipurpdSe_Project_'in the'-Portoviejo river_.ba'sin '

5 f='1 '}Daule Penpa Dam Pro;ect on the Daule nver, located 1mmed|ate east of the PrOJect

- (3) ~La Esperanza Dam Protect on the Carmal river, a major tnbutary of the Chone
‘nver . P 5 SRR I - - . : !

_: (4) :Water Transbasm PrOJect from the Daule Penpa to the Poza Honda and the La
o '_“i_:'Esperanzareservo:rs Ll S o

3 . j(-S)"-_-.Carriz:al—Chone'Maltiparpose Project in the Chon river basin.

B ThePOmHonda ;Pf:(.l’:j&éct was lmplemented by CRM,_ln the following stages: -

. ‘ CODSU'UCthﬂO“hC POzaHOndadamm 197 1‘ o

| s _'j,Construetlon of Guarumo water tteatment plant w1th a capacny of 43 000 mslday
g _','wtth water transmtssmn system o POI10VIC_]0 and Manta in 1976 '

S 'Cdnstm_caon_'o'f.'s.am‘a'Aﬁa intake w'cir'"ahd'an ii'ﬁgatio'n sySt'em’for 3,300 hain 1984

- Construcuon of Caza Lagartos tleatmem plant w:th a capacny of 20, 000 m /day with
o a pertment water transmtss:on system to Manta in. 1987 -

| Cuatro Esqumas treatment plant al Ponowejo witha capac1ty of 90, 000 malday with
the water transmlssron prpelme System to Poutovnejo to be completed in late 1995 :

TEI Cetbal treatmen plant at Rocafuene w:th a capac:1ty of 90 000 malday with the
> '_'_jwater transmxsslon ptpelme system to Manta and Rocafuerte to be completed in late
*;‘1995 ol : R :



: The PHIMA Study evaluated a \ water supply capactty ol' the Poza Honda dam at Santa' _' e
- Ana-intake weir'site_ with a catchment ared of 481: km tncludtng the Poza Honda = '
. : _catchment of 175 km tobe 107 MCM/year On the other hand water’ demand :"'"1990 o R
'--_was esttmated by PHIMA to:be 25 MCMIyear for water supply and 75 MCMIyear for Y
tmgatton totalmg 100. MCMlyear Although it:is techmcally possrble for the: Poza-j‘;; o
o _:Honda darn to meet the 1990 water demand CRM actually ltmtted the' "g_atton supply. |

“to, assure domesttc water supply even durtng consecutlve dry years' The Poza Honda IEE TR

- dam cannot afford to feed the new treatment plants wrth addtttonal 66 MCMlyear of R e

' reasons for urgent necessrty of water to be dtverted from the Daule Penpa to the S

e Portovre)o rtver basm The Poza Honda reservorr wnll fanctton as.a water recetvmg SRR LT

gr pond to be dtverted from the La Esperanza rcservorr to supply the Portov:e]o nver basm ' )

underthe Protect B

- 3_The Daule Penpa darn was constructed by CEDEGE in 1987 wrth the mam'ob]ecttves P
" of (i) flood control (n) domesttc water supply, (m) 1rngatton water supply ‘and (w) |

O hydroelectnc power. generatton It 1s noted thata reservonr capacrty of 500 MCM is -

J ronal agreement; S
'srgned in late 1986 between CEDEGE and CRM, CRM is entttled to dwert up to 500* - o 5

. '_ allocated for use in Manabt provmce Accordmg to the mter-_

':.MCM/year with the maxtmum dtversmlt of 18 n ls

' The construction. of the La Esperanza dam was commenced in- 1992 by CRM in. the-";'_" S

- upper reach of the. Camzal river and is- scheduled to be completed in’ 1996 The'_.: S L

. _ObjECtIVCS of La Esperanza are (i) flood control and (u) 1rngatton water supply to the R
* Carrizal-Chone area, Once La Esperanza is constructed the mundatton problem inthe
Tainy season and the water shortage problem in the dry season wnll mostly be solved in :
~ the Chone river basm The Portoviejo river. ‘basin will, however, still rem _"n w:thout__'“_'- Ry
water until the ProJect IS reahzed La Esperanaa wrll functton as an mtermedtate pond to o

dtvert water from Daule Penpa to Poza Honda e

. The wa_ter tra_nsbasin projec't;was for_mu_lat'ed'in- 19'87.i5n':the foll'owing_plan byCRM o

_(l) Water of the Daule Pertpa reset v0tr thl be dtverted to La Esperanza thh a':__';‘-_:.‘.-.'.j S

' transbasm capactty of 12 m !s _7 i

@) Water released by Dasle- Pcnpa w:ll hc pumped up at the Daule river at about 30 e
S km downstream of Daule Penpa by about ISO m to be dlverted'tnto Poza Honda e

- wnth a ﬁnal capaetty of 12 m !s




" ' The PHIMA ‘study-in- 1989. recommended to give a capacity of 18 m*/s instead of
L2 msls to the Daule- Penpa~La Esperanza transbasin. . CRM requested CEDEGE to
~ ~construct the tunnel entrance with a capacity of 18 m*s, and CEDEGE constructed itin
-1990 aeeordmgly 'CRM also revised the tunnel design from Daule-Peripa: to La

L ":_‘{Daule Penpa to La E‘.speranz.a is one: of the unportant components of the Project.

__CRM conducted a fcasrblhty study on the Carrizal-Chone irrigation pro_;ect to whlch
- _water is supphed by the La Esperanza dam Since the La Esperanza dam is scheduled to |
:.f':be completed in 1996 ‘CRM has a strong desirg to proceed with the project, In late

. -'_1994 CAF Corporacrén And:na de Fomento accepted to finance US$ 4.0 mllhon for_ o
= t.he detmled desrgn of the proyect : - |

SERTI 7. Three reglonal water supply systems cunent!y serve the expanded Pro_pect area mcludmg '-

| e 'Manta and hpuapa area They are Poza’ Honda System La Estancilla System and

_ __,fChone System all of whlch are operated and mamtmned by CRM, except Caza Laganos
o [treatment plant thCh is. managed by the Manta Mun1c1pal Water Supply Company

':'.EWater_d_emand_s'in'-theser'\_r:.iee'ar'ea 'ar_e' proje'cted as fdllows:

_Regional Water s Average Water Demand (m /day) : -
-7 Supply System el 1990 2000 2010 2020
’{"-5_’-1__Pozal-londa . 89,950_ 155,470 252,730 ..395,800 . .
i Chome 8,780 . 17,260 27,510 . 39,570
‘La Estancrlla - 12,500 © 30,760 52,180 76,940 -

L Total o Jomien e lll 230 20‘5 480 - 332,420 512 290

cLd -.meCM/year G Al o 140 121 187
-'-:_;,;_;Umt demand (l/p/d) ;'-207 0 285 355 428

8 There are three lmgatlon systems m the PIOJCCI arca, They are (l) Poza Honda (i)
S CthO and (ut) La Estancrlla. _The se:wce arcas and actually tmgated areas in 1988 are
aE asfollows B B ' : :

i _-f.z‘.,.,.._lmgatton System Commandtng area . - lmgated areain 1988

TTR50 . 4,850

: i 02,050 1,380
-La&tanc;na R ey N x| R 1,520

. Total oo oo o 135830 o - 1,750

":Poza Honda

e : Esperanza to have a capacity’ of 18 m'/s'in 1989. The water transbasin scheme from -



: Although thc iject _m is prowded wnh nmganon facllmes covenng an anea of 13 530" o SR
L 'ha, an arca of 7 750 h'”was msufﬁcncntly :mgatcd m 1988 due to shortage of water_ R &

o j- The followlng eight 1mgatlon schemes wrth a total net a arca of 29 250 ha are. formulatcd ‘_ '_ e .,
in the Pro_;ect area and thc 1mgat:on water ncqulrements wcrc calculated for a once in5 b
_-'yeardryyear RN > A _ : _ o

V*-V'Séhe_rti'c__ : Rlver Basm th lmgauon f Water chulremcnt S
b e e Area_(ha) (MCMIyear) AR
-~ :Qarrizal-Choné: - '-'ii'_;'i-Carrlzal and Chonc 15,0000 - S
. Amarlles © 7 Camzal . -_l 000 W
Gua'-r'angc' S '_Portowcjo S 15000
~ RioChico . * ;. Chico e TR0
. i.‘.""'Pechlche-Pasaje'ji - Chico and Ponovsejo RS0
"'..'-Santa Ana A i_'_:POﬁ.OVlc_]O
" Mejia ' Portovigjo
Ceibal- Guayaba R Ponowep
Total Lo

seasonal ﬂuctuauon of ramfall and runoff Watcr around shnmp ponds ha; 'e =

as low as 0 parts per thousand (ppt) in ihe ‘rainy season due to heavy ramfall and‘:; "
abundant runoff of the river, whlle it rises. monc than 40 ppt equal to or even hlghcr than - T
that of . seawater in'the dry season. Thc optlmum ranﬂe of sahmty for good growth of i el

_ qhnmp is from:15 to 25 ppt. If proper fresh. watcl supply controls the sallmty of water Hi
in the shrimp ponds within the opumum range shrlmp product:on w1ll be notably'f L

. mcrcased ' SR : P ' o

Annual fresh water reqmrement in 2000 onward is esnmated to be lOO__ CM 1n the o
Chone estuary and 3 MCM in. thc POI‘IOVI&]O estuary as explamed below .

| Gross Arca Nel Area Arca "Unit"walcr“ 'To_tal_wazcr
L : rccewmg requ:remem rcsjmrcment:"' e
- (ha), o (ha) frcsh watcr ' '
I e {ha)

(m’lha)

Chonc river’ S - S L I
Zone A (Sea mde) 990 : 594 :*'--_4‘;'_5'_' 49500 - 23500 e
Zone B (River Side) 4427 . 2,656 2125 35,7000 . 760 e

Portowejo river 030 s D et 44,3000 g8l




o '(N:otc')

Net area i$ assumed to. be 60% of the - gross area. Also, the area aetually'

: reeewmg fresh water from the P o_;ect is assumed to be 80% of the net area.

10 An mtegrated reservorr operatmn and water balance study is conducted under the

, followmg condnttons

| :da.m, can be used to meet water demands especially during the rainy season. Use

®

The mterbasm ﬂows the natural ﬂows f Tom the catchment area downstream ofa

of up_ to 60%.of the tnte_rb_asm ﬂow 1s_assu_med to be allowed.

'_A dam should release a constant flow as a nver mamtenance flow. - The river

SR mamtenance ﬂows ane 8 MCM/year from Poza Honda and 16 MCM/year from la
o '__Esperanza ' :

e

dllute u‘ngatton retum ﬂows

_Dtlutton water equwalent to ’?0% of the 1rrtoanon water requlrement is applted to |

| The study conﬁrmed that all the water demands can be met with a guarantee level of
more than 80% (water shortage is allowed in only one year out of ﬁve years) under the

(). F

"'_followmg condtttons B

Full capacrty pumpmg up from La Espelanza is only possrble for reservoir water

e _levels hlghul' than EL 47 m

@

Water dwersxon from Poza Honda to Mancha Grande is only possible for

. reservo:r water ievels hwher than EL 94 m.

e

-Target water levels are EL 63 5m for La Esperanza and EL 102 5 m for. Poza

e ;'__Honda This | means that water ttansbasm from Daule- Penpa toLa Esperanza is

:':_suspended when La Esperanza water levels are hlgher than EL. 63. 5 m and that
: "'water transbasm from’ La Esperanza to Poza Honda is suspended when Poza

R Honda levels are hrgher than EL 102. 5m.

_3,1_(4_)‘]- |

W_at_er_ tr_ans'basi'n_ c_apa__cities are- asl_follows.

Dau]e—Penpa LaEsperanza i -_.1__8_ 1_11313
LaEsperanza Poza Honda o t6mils

Poza Honda Mancha Grande ;. 4"13/3




11 The Project comprites thee wter transbasin schetes as shown below: -

- () Daule-Peripa- uEspemzaTmbas Scheme

5'-_D1vers:ontunnel R R S I
Capacnty R 18 m3ls. Frce ﬂow DIk T

' **'sec'tion-“:.'_ 8 min e
] SR "_'-_Standard horseshoe sccnon
Gradlent o m soo | S

: -__f'Acccssroads TS S
Congmlio access road B '_:}-'-“22 6 km LT
- Membrillo access road o 04km

: __El Guasmo aceess .r_oad. - 1.6'kin

o L E#Pémnza' - Pozn 'H:O'ﬁd_la Transbasin Scheme -

w i _Sevenno pumpmg s(anon S e
e Pumping capacity. . . 16 m’ /s
'f_Maxlmumhead S -700 e S ‘
© Nos, ofpump wnit ';_6umts (oneforrescrve) e
':D!SCharge of one it S 192'm/min. 32 m’ls) St o
Type . o : ' Vemcal shaft smg]c sucnon volutc type

_-Pe_ns_toc_k' P SRR PRI -
=Lengt'h R 173 m (No 1 penstock)
o C . 170m (No” penstock)
Nos oflanes A _‘21anes ' B T Pt
Dlmter Hi e I 000 .,400 mme e
-Head tank e e L R
CWidth R l6 8 m - 8 8 m
Length R, .: __3‘56 7 m

Open channel o : e e
Capacity o olemYfs e e
Length - e ASKm o
Gradient” . 1/3000.0 0
Section - . . Trapezoidal




‘33 e __S'yplib'r'\-No._:‘_:_- Length- - ‘Max.head
' co et el e T2 0 8 m
S _.‘)‘Hm 366 m _
Co0326m . 476m
o 174m 0 175m

L N e N

' Dwersnon tunnel - o _
3 - Capacity - - s 16 m'/s, Free flow
Length o it4kmo
- Sectlon e © 3.5 miin diameter

Standard horseshoe secnon RN

‘,.Gradlent s

8 .Sevenno substatlon_ SR
Capacity: . 2x125 MVA
:.Vqltag'e_ratiq_l' 13838 w

S S '?__:"_:r E'Daule-Penpa chenno Trammmmn me .
®  lw 7 hom

b 'Access roads L o
e Sevenno access road - 9.3 km.
" Cana Dulce inlet access road 2.7 km
. Los Cuyuyes access road ~ - 148 km
oo la Seca access road S 3.8km

S .'z'i(3) __P'Q'z;;lHon_danancha_G;andc Transbasin Schemes

o Dwersnontunnci N _ : :
" Capacity - B 4m s, Free flow
Lemgth - o 4dkmo
. Sestiont 2.5min diameter
" B Standard horseshoe section -

139007 '

PozaHondaInlet'-?___', U e
aceessroad o 07kmo




.. B i_ 12 The PI'O_]CCI’. 1s proposed to be 1mplcmenled by thc followmg thme contract packages L |

- ST .

- '_~Pa'ckagc l: - lewod».s fbr'Dauie Penpa»-L.a E.speranza Transbasm Scheme

" Package 2: :f Cavnlworks for la Esporanza~Poza Honda and Poza Honda-—Mancha E :::. &
e "__.GrandeTransbasm Schcmes S o IRRST A

o 3i5aCkagc 3:: : -' -_".Electricél on'dMochariiga] W.oi_“xs_i_hcl_oding"Poiver .'_lfx"'an_sr‘_rii_s_sio’n,L_'.in_e_'.'-..-__i

| : 'The foilowmg basuc schcdule for Pro;ect lmplementauon is cstabllshcd ;

- ('1:) - Fmancnal arrangement for ENES 10 months from Apnl 1995 to January
SR onstructlon i e '1996 B

; ('2')'.."_ -Scle‘ction_of'a'_consul_t_'am L 3 months from February i996 to Apnl-_ e

A) .Tendermg and contracts-.'-.__}
- including prequalification: "
._for Packagesland2 _ i _ o |
Packagcl - 1‘3 months from May 1996to May 1997} i ST

- Package 2 LS TR 13 months from May 1996 to May 1997 o O

- Package3 . T i months from}uly 1997 to May 1998 SEE TR L

(&) Cohstr_‘uction'wor_ks o

Paokagel T _54 monlhs from June 1997 to Novembcr
Package 2 - R 54 momhs from June 1997 to November B

Package3 42 months from Junc 1998 to November B

(5) Commissioning of tﬂ'c_:_ Proj_:c:ot__;""_;_ _ -'.Dccember 2001

13. Environment. Impacl Assessmcnt (EIA) is conducted for the Prolect for- thefollowmg
four issues based on the Projcct fcalmcq and !hc 1esulls of thc lnmal Envnronmental
Exammauon ([EE) SR S BRNEE :

(1) ImPacts on water quality of La E'spé;-a% an d. Po z #'Ho'n da



" *(3) " Impacts on water quality in fivers and estuaries

B (‘4).'. ' lmpdcts'oncco_-systent and ﬁs_he'n.'r

-5 '_'*Although seveml envnronmental lmpacts havmo certain effects on the enwronment are

R pomted out through EIA these are not considered substantial for the Project because
: riost of them could be mltlgated by pi oper countermeasures “Therefore, the Project is
e _]udged acceptable from the envnronmental wcwpomt : :

i ’Even lf the results ol‘ ElA conclude that the Project is acceptable from the envnronmental- '

e v1ewpomt 1t is'not possxble to eliminate all uncertainties related to environmental

' _*:‘flmpacts caused by the PmJect Unexpected environmental problems might arise after
- :mplementatlon of the Project. It is |mportant to-monitor the effectiveness and efﬁcxency :

of the proposed mttlgatlon measures and, therefore, CRM will conduct an_

- Envuonmental Management and Momtonng Plan (EMMP) as an associated pm}ect o

14; _The executmu agency of the Pro_|ect lS the Manab1 Rehabilitation Center (CRM), who is

s :~repons:ble for development of Water resources mcludmg potable water supply and

o :the Transbasm Pro;ect

u-ngatmn in the provmce of Manab1 as well as urban and regional development of

'j .Manab1 Provmce Mﬂj()l’ projects handled and manaced by CRM are the Poza Honda
: i_’_rMultxpurpose Pro_]ect small 1mgat|on schemes such as the La Estancﬂla 1mgatlon _

: system the CthO nver tmcauon system, etc., the- Chone and La Estancﬂla water
- supply systems and the Camzal Chonc Mulupulpose Pro_|ect mcludmg the La

s

. ESperanza dam L

A transbasm pro_}ect ofﬁce w1ll be ongamzcd towatds the constructton of the Project B

The mam prOJect ofﬁce w:ll be located at the Severino pumping station site and branch

_ _ofﬁces are located at the Congulllo tunnel mlet site and at the Poza Honda tunnel inlet
s f'snte An mtematlonal eonsultant as well as an Ecuadonan consultant will be cmployed

N by CRMt asswt CRM in construcuon supemsuon of the Protect

) Upon completlon of ‘the Pro;ect constructton CRM wnll hand over the transmlssmn line

' - '.:_;:fbetweef ‘Danle Penpa and Severmo to lNECEL for operation and- maintenance. -Also, -
: the_:_access roads wnll be handed over fo the MlnlSlI'y of Public Works (MOP) for
oo ma tenance.” CRM wnll be responsnble for operation and maintenance of the remaining

acxlmes The Severmo pl'OjCCl ofﬁce ‘will become-a Severino operation and
nance. center (O&M Center) responsn:le for operauon and mamtenance of Project

o :_-i fac1ltt|es except the Congu:llo tunnel mlct and the Poza Honda tunnel inlet which will be




B operated and mamtamed by the Congurllo O&M branch ofﬁoe and the Poza Honda_lﬂ:.:' R
- "_O&Mbranchofﬁce respectwely ' : Sl e

16,

S The construetron works wnll be executed 1n three contract packages as descnbed m 12'-_'3 s 7
- _,;-Q:;hcrembefore The: Pro_|ect admlmstrauon for the lmplementatlon of the- Pro;ect willbe
S -done by a force—aceount of CRM through the Transbasm Project ( Ofﬁee atthe Severmo..' : s

; 'srte Land acqursrtlon and compensatton wrll ‘be ‘done by CRM based on the.
s recommendatlons of the Nauonal Drrectorate f -Valuatlon and Cadastre S

a7

" " Package?2 ‘. GN8a0 . T 7470
i '__'-PackageS e 525.',05 Lkl 2,640

Project COSts afre_'éét_imated_at the f)ri_c_e -'level o__f A_u_gust '1994 as ,fol_low

: CRM mtends to cmpioy an mternattonal oonsultmg ﬁrm for engrneenng servxces durmg R
o -i:*‘,the rmplementanon of the PrOJCCt in accordance: wrth regulatrons of the Governmentof - =+
s jEcuador and wrth gurdelmes of the ﬁnancmg msntutlons The scope of works for the o

- mtematsonal consultmg ﬁrm wrll be ) pre-construcuon servrces dunng prequahﬁcauon,' : _f s
tender, tender evaluatton and contract award and (n) constructron supervrsron o

b';“_Forelgn Cunency _ Local Cunency

B Adrmmstratron

_'Packagel 07 14200
Swoioul 10639 Cwn

“Land Acquisition -
‘Engineering: Servrce 10 Ol A el

| Physical Contingency -~ 938 S

Price Contingency . = 1760 6T
Total Cost | T 143.54. Lo BR27 0

e mas
1998 o o 3559
1999 e 3017;;,.*"
20000 e 39.66: 7

The annual dlsbursemem is estimated according to. the constructi
sum zedasfollows, S T T SR e

RS | S (US$nu]hon)
Year = R Forelgn Currency Loczﬂ Cumency - Tol

(US$ rmlllon) |

2001 o .. o 10.59

Mol 143 54_*;‘




e T '18 The Govemmcnt of Ecuador has decndcd to lmplement thc Daule Pcnpa La Esperanza
%l oo Transbasm scheme scparately from the ther transbasin schemes under its own financial
e arrangermnt CRM now. intnds to apply fora soft loan to the Japanese government for

" the construcnon of the remamm«I two transbasins, The requested amount of the soft X |

E loan is tcntatwely cstlmated © bc USS 1 17 0” mllhon as explamed bclow
| . A _ _ _ (US$ mllllon)
. Pro;ect cost forthe remaining two tansbasins. . - 145.16 -
B Forexgncunency pomon S 10352
_ Locaircunenoy_ po_mo_n o : _ 41.64

Intcrcst dunng construcuon (lDC) o o 1087
| (Annual 1nterest rate of '%% is assumed) :

i_'7P'rqje'_c_t_cpstinczu_dingrocg SRR . 156.03

'"':_Amouh.t:of'_:s_o_ftloofri" :_ R _
156.03x75% 1102

‘ s 'A'rhoont t‘o"b_c _orrorlgéd byCRM or_lhe Gov_ernment of Ecuador  39.01

L 19 The econom;c mtemal mtes of retum (EIRR) are calculatcd for various umt water values
for potable water Supply as shown below '

Assumed Umt Watel Value ' EIRR
; (US$/m Yo . (%) -

031
04 134
.__o.s_ S g 14.8

T he ﬂnanc:al 1ntemal ratcs of retum (FIRR) are also calculated as follows for various
N umt water pnces for potable watcr suppl y '

Assumed UnitWater Pice ____FIRR
(US$fm) )

015 86
020 100

l o025  ma
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1. INTRODUCTION -

1.1 Ge_nerai_ '

Th:s Implementauon Procram (1/P) on the Water Transbasin Schemes for Chone-
Portovxe]o River Basins (the Prq;ect) has been pu_pmed by the Centro de Rehabilitacién de
Manabi (CRM) to apply to bilateral or muln lateral ﬁnancmg 1nst1tut10ns for a soft loan for
the unplementatlon of the PrOJect

" The Province of Manabi has long been suffering from a habitual watér shortage

- problem. .. The Chone- -Portoviejo river basins are located in the central part of Manabf

Province and have a great potentlal for socio-economic development if only a sufﬁcxent

~ quality and guantity of water is supphed CRM has been makmo greatest efforts to solve

this severe water shortage problem since its establishment in 1962, and has lmplemented or

~has been implementing several water resources development projects such as the Poza
‘Honda Multipurpose Project in the Portoviejo river basin, the Carrizal-Chone Multipurpose

Project in the Chone ri\?er basin; etc..  These water resources development projects,
however, cannot meet ever growing water demands in the Project area without the

‘implementation of the Project which diverts water from the Daule river basin to the Project
area. ' '

1.2  History of the Project

- Well recognizing an urgent necessity of solving a habital water shortage problem in
the Province of Manabi, the Manab{ Rehabilitation Center (CRM) started a comprehensive

'mhster"plan study on the integrated water resources development of Manabi province

(PHIMA) in late 1986, in cooperation with the National Development Council (CONADE)

N and the Ecuadonan Instltute of Water Resources (INERHI) “The Orgamzatlon of American
“States (OAS) Jomed the PHIMA study in late 1987 and the Government of Japan also joined
"the PHIMA' Study in early 1989 through the Japan Intematlonal Cooperanon Agency

(J ICA) at the request of the Govemment of Ecuador. -

' The ﬁnal report on the PH]MA ~:tudy was ptepared in January 1990 by JICA in

_co!laboranon wnth OAS and the Govemmenl of Ecuador (CONADE INERHI and CRM)

~which recommended to conduct fcaSiblhl)’ study on the water resources development in the

_ -'i'Chone and Portovnejo river basins, more specifically on the water transbasm schemes from

" the exxstmg Daule Peripa dam to-the Chone- POIlOVICJO river basms The PHIMA study

identified six altemauve plans for water transbasm from the Daule Penpa to the Chone-
Portovrejo river basms '



The feasnb:hty study on thc proposcd water transbasm schemcs was conducted by :
JICA in collaboration with CRM and other relevant institutions of the Govcmmcnt of
Ecuador in two phases:. Phasc I from March 1991 to March 1992 for examination of the six
alternative transbasin schemes and selection of the best alternative, and Phase 1l from May
1992 to December 1992 for elaboration of a feasxblhty study on the selected transbasin plan.
In Phase I study, Altcmatwc 5 was selected as the best plan of the studied $iX altcrnatwcs .
and in Phase I study, the sclcctcd alternative plan wzm optlrmzed and Altemanve-SA Wthh
is the proposed ‘ransbasin plan under the PI‘O_]CCI was finally’ selected and studied at a
feasibility level. The proposed water transbasm p!an was judged tobe soclo-cconozmcally
fcasxblc and envnronmcntally sound : o '

_ | h At the request of the Govcmmcnt of Ecuador the Govemmcnt of Japan agroed to
'procced with the Project in the Detailed Design Stage. The detailed design study on the
PrOJcct was planned to be executed by JICA in two phases ‘Phase ] from. October 1993 to
~ March 1994 for prcparahon of basic. dcsngns of the Project’ mcludmg some additional
-topographtc surveys and geotechnical mvcstlgatlons and Phase 11 from May 1994 to. March: :
1995 for preparation of detailed designs of the Pt(uect including tender documcnls for
o sevcral contract packagcs () bc uscd for mtcmauona! compcntlvc blddmg -

1.3~ Objectiv’cs 'of the"P'roject’ 5

The objcctwcs of the Pro;cct are to develop water resources by means of water -
transbasin facilities from the cxlstmg Daule-Peripa dam to the Chone- Portovxejo river basins,
and to contribute the socio- econosmic dcvclopmcnt of thc Project area by stablc watcr supply
to meet the' followmg water demands: '

(1) Water supply for- domcsuc tourisim and mdusmal use to covcr the populatton
of 150,000 in the Portoviejo river basm mcludlng the Manta and ertjapa area
© (24% of the total population) in year 2000 and to cover the populatton of
650,000 in the Portoviejo river basin including the Manta. and Jipijapa area
- (70% of the total population) and the population of 40,000 in thc Chonc river
“basin (12% of the total population) i in thc year 2020.

(u) Water supply for migauon in a net arca of I ,150 ha in the PO[‘tO\'lG_]O nvcr.
" basin and 1 ,000 ha i m the Chone nvc1 basm ' ‘

(i) Fresh water supply to shrimp farms pracuccd ina gross area’ of 5 100 ha in
1990 in the cstuancs of the Chonc and Portovtcjo nvcrs. Wthh w:ll cxpand
to 5 500 ha in ’7000 IR : : ' '

(iv) Increasc of river mamtcnancc flow to tmprove water quahty and to conscrvc o
€co- systcms of the Chone and POI‘IOVIC]O nvcrs mcludmg their estuancs



2. THE PROJECT AREA

‘2.1 Location of the Project Ar_ca

Ecuador is located on the west coasl of South America, between 1°30" north latitude
and 5905" south latitude and between 812 and 75°10" west Ionoltude It borders Colombiain
the north, Perd in the east and south, and the Pacific Ocean in the west. The Galapagos

 Islands, 1,000 km off the coast, are part of the Ecuadorian territory. The Andean range

crossmg the coumry from north to south divides the temtory into three regions, i.e. the

-Highlands (La Sierra), the Coast. (La Costa) and the Amazonic region (La Amazon{a/El
: Orlente) : : : '

‘The Project aréa 'i_s the Chone~Portoviejo' tiver basins located in the central part of

-Manabf{ province, one of the provinces in the Costa region facing to the Pacific Ocean as

shown in an 2.1, Manabi province has an area of about 19,000 km while the Project

- area, the Chone-Portoviejo river basins, has an area of 4,871 Lm consisting of the Bahia

area of 544 km’, the Chone river basin of 2,267 km? and the Portov:ejo river basin of 2,060
km as shown in Flg 2 2 :

2.2 Topography-:'and Geology |

T opographically. the Project area forms higher elevation towards the East from the
flat area in the West. Hilly area with the elevations ranging from 400 m to 600 m runs ina

~ north-south direction in the centra! part of the Manabi province as shown in Fig.2.3.

Geologically, basement of this area is Pifién formation, Cretaceous in geological

.age and basalt in rock type. This layer outcrops at Picoazd town in the western vicinity of

Portoviejo city. Major geologlcal layers in the Project area are Borbon, Onzole and Tosagua
formauons in Tertiary. - -

g The_Borbon_formation is distributed around the Daule-Peripa dam. The Onzole
formation consisting of soft sandstone and mudstone is profoundly related to engineering
works of the Project, extending over almost all the Project area except for a local area of

" Guarango: The Tosagua formation spreads over the Guarango-Rocafuerte area and is
- composed of homogcneous calcareous mudslone Gypsum, anhydnte or other swelhng

mmerals are mvolved in lhIS formatlon

The ahticline axis NE tb SW in direction is plesumed to extend from Portoviejo city

- toward Daule- Penpa dam. However, since the giadlent of anticline is very gentle the dip of
'beddmg actually appears honzontally in outcmps SmalI scale faults one to two krn in



' length are supposed to exist in some places Regardmg the fault system, two dlrecuons,
NE and SE, are domlnant : '

~ Asa geemorphological feature, appearance of cliffs are noted in places higher than

200.m in elevation. ‘These cliffs consist of mudstone and are presumably formed by the

: dlfference of erosmn between the mudstone and the underhed coarser sandstone

2.3 '-_Climate a‘nd, Hydrol_og'y.._ ‘

o _The Pi'oje'et-erc_u is de_r'nina(ed5by_ a eo'mpli(_:uted tropical climate affectedtby‘the |
Humboldt cold current and El Nifio phenomenon. W_he_h El Nifio takes place, the Project -

area is usuallj;r s’ubjected to much_ more i'ainfa!l ;han normal like ih the year 1982/83. :

Areal and seasonal ﬂuctuatlons of rainfal! are notable. The 1sohyctal map shown in

| Fxg 24 1nd1cates that the mean annual ratnfal} in the Project area varies from 400 mm in the
-south western’ ‘part lo 1, 800 mm in the eastern part, with about 90% of the annual rainfall
concentrated in the mmy season from Decembe1 to May. : Lo -

On the other hand, the seasonal ﬂuctuanon of mean monthly temperature is only
about 2°C in Portoviejo, 23. 8°C in August 10 26,0°C in March/April as shown in F1g 2.5.
Average annual relative humidity in Portoviejo i is 77% with a little fluctuation from 74% in
‘December to 81% in March. The average daily evaporation is 4.5 mm in Portoviejo. .

The Project area is basiéuily formed by two river systems, the Chone river system

with a catchment area of 2,267 km” and the Portovicjo uvu system with a catchment area of-

2,060 km

The Chone river system consists of the Chone river and the Camzal river, as
detailed below. o

River : ' Station R Catchment Area (km?)
~ Carrizal l.aEspcwnza damsue L 445
- Carmtizal ' Calceta : e sy
Carrizal © LaBstancila . 7700
Carrizal ~ Confluence with Chone o C1,166 T
Chone . Mosquito R §Y AL
Chone Confluence with Camzal 785

Chone - ; Estuary N e . .__:2,'2.6_'7-' S




- The natural runoffs of the Chone river system are estimated as follows.

| - . ~(MCM)
- Station Annual Mean Rainy Season Dry Season
| | Runoff Runoff -~ . Runoff
La Esperanza Damsite 391  (352) 349 (327) 42 (25)
Calceta 460 (413) 411 (384) 49 (29)
LaBstancilla - -~ 662 (604) 532 (502) 130 (102)
Confluence with Chone 849 (750) 753 (692) 96 (58)
Mosquito | 109 (92) 00 B8 9 &
_ Confluence with Carrizal 385 (324) 355 (311) 30 (13)
Chone Estuary 1,378 (1,206) 1,140 (1,031) 238 (175)

- Figures in parenthesis are values when an extraordinarily wet year of 1982/83 is excluded.

o The Portoviejo river system consists of the Portoviejo river and the Chico river, as
detailed below. ' '

% River . - Station Catchment Area (km®)

© Chico. - . Alajuela - 183
Chico . = LaCiémaga S 347
'.'Chico _ ~ . Confluence witthrt_ovicjo : 585 .
Portoviejo - Poza Honda Damsite 170
Portovijo -~ SemmAma 482

_ -'Poﬂoyiejo o Confluence with Chico 1,190
‘Portoviejo.  El Ceibal - 1,794 -

- Portoviejo -+~ . Estuary o 2,060

: __Thg natural runoffs of the Portoviejo river system are estimated as follows.




MCM)

) Statio_n L — _‘ Annual Mean : Rainy Season .- Dry Season

S ' o Runoff ~ Runoff - Runoff .
Algjeela - 1O (99 86 (79)'-1'_1.__ 240 .

" laCiénaga 199181y 140 (130) - 59 (5D)

T =Conﬂw.:nce wnth POﬂOVlﬂjo ' 202 .(|‘77)', ' 151 ,(1_35) L 5'_1 ' (42)

“Poza HondaDamsnte 12 ey 19T 23 (9

 SantaAna 23308y 177 (161) 56 (4T)

© Confluencewith Chico 431 (380) 320 286 111 (94

ElCeibal . 681(609) 432 (39) 249 (13)

Poriovicjo Estuary 699 (622) 444 (405) 255 @IT)

o Figures in parenthesis are vhlue__s when an exira-ordinarily wet year of 198_21_83'is_excludéd. -
2.4 _Socio-eco_nomi'.c' Acti\;ities_ _'
2.4.1  Population

. According to the National Institute of Statistics and Census (INEC), population in -
‘Ecuador is 9.9 million in 1992. Population growth was 2.9% p.a. in 1950s, 3.0% p.a. in
1970’s and 1.7% p.a. in 1980's; while it is projected to be 1:3% p.a. in 1990’s. The urban
population is increasing more than thc rural populanon It was 40% in 1970 and mcrcascd
to 55% in 1990, ' :

Population of Manabf province was 1,032,000 in [990, of which the shares of
urban and rural population were 41% and 59%, respectively. Population density of Manabf
was 54.7 persons/km2. Total number of houscholds was 187,120, resulting in an average
family member of 5,5. An average annual population growth rate was 1:36% during the
period from 1974 10 1990, 3.61% for urban population and 0.21% for rural population.

* The population of the Project area was 480,300 in 1990, accounting for 46.5% _of'
the total population of Manabi. The population density of the Project area was 98.6 person/
km2, which is almost twice of that of the whole Manabf province. The populauon of the
Project area is forecasted to increase to 842,000 in 2020 by INEC

The population of thc Project beneﬁcua:y area mcludmg Manta and leuapa area was -;_ -
685,600 in 1990, accounting for 66.4% of the total populatlon of Manabf. The population

of the Project beneficiary area is forccastud to increase to | 240 300 i in 2020 by INEC w:th'-. -

an averaged annual growth rate of 2. 0%



242 GDP and GRP

Grosé Domestic Product (GDP) of Ecuador was S/.5,140 billion in 1989 and

~ §/.8,130 billion in 1990 at current prices. - The real growth rate of GDP was 1.85% p.a.
during the penod from 1981 to 1990. ‘Among the industrial origins of GDP, the sectors of
‘ agrlqu]ture (17.4%), pet_roleum and mines (12.4%), manufacturing (16.3%) and commerce

(14.8%) are dominant in 1990, contributing 60.9% of the total GDP,

GDP per capita of Ecuador was $/.840,000, equivalent to US$1, 030 in 1990. The

- real growth rate of GDP per caplta was 0.24% during the same period from 1981 to 1990.

Gross' Regionol Product (GRP) of Manabi plovince was S/. 598 900 million in

' 1990 at current prices, or 7.4% of the total GDP of Ecuador. Among the industrial origins,

the agriculture and livestock sector is domumnt accountmg for 38 4% of the GRP of
Manabi in 1990.

During the last 10 years, about 40% or more of economlcally active population of

' the Manabi provmce was engaged in thc agriculture and livestock sector.

_ Major agﬁcultural products in Manabi provin(_:e in 1990 were coffee (47,900 tons),
cocoa (15,8_00_ tons), fpaize (89,900 tons), cotton (18,300 tons), banana/platano (305,500
tons) and citrus (36,100 tons). Livestock farming is also an imporfant industry of Manab,
especmlly cattle (726 000 heads) and hog (398.000 heads) farming. The aquaculture of
shnmp has becn developed in estuary areas of Manab, including lower reaches of the Chone

- and the Portoviejo rivers. Thc shrimp production in Manab{, which was only 427 tons in
B 1981 1ncreased to 5 026 tons m 1986 and {0 9.054 tons in 1990.

Maln export products in 1990 hom Manabl province were coffee (US$ 46 mllllon),

' 'shnmp (USS 32 m1!l|on) fishes (US$ ’?8 million), cocoa (US$ 10 mllhon) etc.



) Export and 1mpo:t of Ecuador in recent: ycars arc summanzzd below

.- (USS rmlhon)

1981 1984 1987 1990 1993

. Export R o - o
| ‘Crude Ol 0 L175 1678 - 646 1,258 1,149
" Banana- - . -218 - 135 267 - 468 . 503
. Coffee C102 175 192 - 14 74
o Shrimp . . .- 93 160 . 383 340" 451
. Cocea, 4 9. 8 75 43
~ Others C 840 376 450 . 469 684
Tol -~ 2068 2620 2,021 2,714 2,904
Import . ' _ Lot
- Construction matcna}s 66 36 73 86 75
" “Industrial materials - 452 622 792 811 783 -
‘Oil and lubricant - 220 179 . .204 . . 92.. . 88
~ Industrial goods 461 260 501 376 . 607
Durable goods. .- 13 48 8 79 - 339
Non-durable goods 99 = 112 125 99 246
Transport eqmpment Cas2 17 202 2047 321
Others o 298 242177 118 103

Total - - 1921 1,616 2,158 = 1,862 - 2,562

As shown in the above table, :11:1_101 export commodmcs were crude od (39 6%) _
banana (17.3%), shrimp (15 5%) and coffee (2.5%) in 1993 whllc major import

commodities were industrial materials (30.6%), industrial goods (23.7%), durable goods
(13.2%), transportauon equipmeit (i” 5%) and non- durab]e goods . 6%) in the samc
year.

In 1992, the government total receipt was $7.3,294 billion consisting of net corrcnt
revenue of $/.3,009 billion, capital income of $/.139 billion and the initial balance of §/.146

billion. The total receipt corresponds to 18.2% of GDP. The govemment expendlture in the- 4
same year was $/.3,103 billion consisting of ordmary expendnturc of §/.1,986 blllxon '

expenditure for development of $/.89 billion and amortization of loan of §/.1,028 billion.

The amortization of loan was composed of intevest payment of $/.100 bill'io_o for internal
loans and $/.373 billion for external loans, and amortization of /.64 billion for internal

loans and §/.491 billion for external loans.



In the Province of Manabi, there are an international sea port in Manta, and two

- domestic 'airpons in Portoviejo and Manta. Roads are divided into two categories, i.e. ()

trunk roads and (ii) secondary roads. The total length of the trunk road is 1,170 km, of

~-which 73% is asphalt-paved, while that of the secondary roads is 4,920 km, of which only
-2% is asphalt-paved. e -

- Number of customers of telephone was 17,750 in 1990, with an annual growth rate
of 6.3% during the period from 1981 to 1990, The electric energy consumption in the same
year was 275 GWh with the number of customers at 86,700. An annual growth rate of

energy consumption was 7.8% during the period from 1981 to 1990.

There are four regional Watcr'supply systems in Manabf which served 55% of the-

~ entire population-and 64% of the urban population in 1986. Sewage is treated by central

sewerage systems or individual septic tanks, etc. In 1988, about 350,000 people enjoyed
the sewerage service, equivalent to 32% of the population. The central sewerage systems
consist- of sewage collection network and sewage treatment generally by stabilization

~ lagoons.



‘3. PROJECTS AND STUDIES RELATED TO THE PROJECT
3.1 - General

In thc Proy:ct area, a central zonc of Manabl provmcc mannly consmung of thc
~ Chone-Portoviejo 1 nver basins; a number of water nt:sources dcvclopmem projects have been
studied and some of thcm were constructed, some are under construcuon ‘and the others are
waiting for further studies for implementation.  The followmg pro_;ects and studies are,
: among othcrs closely rclated to the: PI‘OJCCI ' -

- '('1) Poza Honda M‘uniptxrpos'e' Project—ih the Ponbviejo riverbasin,

(2) Daule- Penpa Dam Pro_;ect on the Daule nver located lmmedlate east of the
Proy:ct area, - - '

) (3) La Espemnza Dam Pchct on the Camzal river, a major tnbutmy of the Chone
river,

4 Water Transbasin Pro_;ect ﬁom the Daule- Per:pa to the Poza Honda and La'

Esperdnza TESErvoirs,
(5) Carﬁzal_-Chonc Multipurpose Projéa in the Chone dver basin.
3 2 “ Poza Hond':.:. Nl_ﬁlt'ipurp;ase Project
“The Uniléd Nations Development Program (UND.P)' conducted a feasibility study

on the water resources development project of the 'Ponov_i_ejo river basin in 1963 and CRM
prepared a definite design of the Poza Honda dam in October 1965.

With an agreetnent on technical and financial cooperation between the Govermnment -

of Ecuador and the Government of Germany, CRM started a revision of the definite design,
employing a consortium of German consuitants in January 1967. A revised definite design.

of the dam was prepared by the consortium in August 1968. The Poza Honda Multlpurpose .

Project was proposed to be implemented in the foilowmg three stages.

Stage 1:  Construction of the Poza Honda dam

Stage 2:  Construction of water treatment plant of Guarumo and water :'

transmission lines with pumpmg

Stage 3:  Construction of an. intake weir at Santa Ana and- lmgatlon system'

- commanding 3 300 ha in between Santa Ana and Portovnejo

- 10+



.As the Stagc' I development of the project, the Poza Honda dam was constructed in

@ 1971 in the-upper reach of the. POI‘IOVIC_]O river. Technical features of the dam are as
follows . : -
Hydrology : o . :
Catchmentarea . | o 175 km’
Annual mean basin rainfalt _ N _ 1,300 mm
_ Annual mean mflow : : _ 95 MCM
~ Runoff coefficient o ' 42%
Probable max. flood | 1,120 m¥s
Reservosr ‘ S :
" Gross storage capacuty ' R 98 MCM
“Dead storage . o 13MCM
" Emergency storage o ' -~ 10MCM
 Effective storage -  ISMCM -
~ Flood water level EL. 1123 m"
Normal high water level S EL. 1085 m
Emergency water level -~ _ ' EL. 935m
* Low water level o . | EL. 90.3 m
" Riverbed level S "EL.75m -
$ -+ Reservoirareaat HWL _ . 49km®
Type L ‘Homogencous earthfill with asphait facing.
Height - - | 40 m
Crest elevation o EL. 1143 m
- Crest length . B | o - 53im
Spillway. . _
' Type, Control structure ' Non -gated overflow weir
Water conveyance Open chute
Energy dissipator -~ Stilling basin
‘Length of overflow weir _ | _ 70 m
Overflow weir level SR - . EL.108.5 m
 Outflow peak discharge =~ - 875m’Ss
lnlakc and Oullet o
Intake level * o _  EL.89m
0utlet capacnty S o R _ 30 m’fs

: (Note) A bcnch mark survey perfon mcd in lhe basnc desn gn stagc of the Project revealed
' that the elevations of the Poza Honda dam should be about 2 meters lower than
those shown above in connection with La Esperanza elevouons




“The Stage 2 dcvelopment mcludmg the construcuon of the Guarumo treatment plant
at just downstream of the dam and a pertinent water transmission system to. Portov1c_|o and
Manta was completed in 1976. The Guarumo treatment plant has a capacity of 43, 000

m3/day, and the Poza Honda water ‘supply system was greatly tmproved wnth an assumd_ _

‘water source of the Poza Honda reservonr

The Santa Anairrigation pl'OjeCt was constructed in 1984 consnstmg of Santa Ana -
intake weir and an tmgatlon canal network covering an area of 3,300 ha along the Poxtowejo

river betwcen Santa Ana and POI‘(OVICJO as the Stage 3 dovclopmcnt of the pm}ect

The Poza Honda Multtpurposc Pm|cct was unpluncnted by a techmcal and financial |

coopcratton of the German government. In order 10 meet an increasing’ demand for domestic

- water mamly in Portowejo and Manta, the Poza Honda water supply system was expanded'

in 1987 by-a-construction of the Caza Lagartos treatment plant with a capacity of 20,000
m3/day at Santa Ana and a pertinent water transmtssmn system to Manta.

The PHIMA study ova!uated a water supply capac:ty of the Poza Honda dam at
Santa Ana to be 107 MCM/year at 80% guarantee (no water shortage in four years out of 5
years). The catchment area at Santa Ana is 481 km’ , including the Poza Honda catchment of

175 km .- On the other hand, water demand in 1990 was estimated. also by PHIMA to be 25 '

MCM/year for water supply and 75 MCM/year for irrigation, totaling 100 MCM/year.
Although it is technically possible for the Poza Honda dam to meet all the 1990 water
demand, CRM actually limits the irrigation supply to assure domesttc water supply at
practtcally 100% guarantee even during consecutive dry years

CRM, to meet an ever gr owinfr domestic water demand mainly in Portoviejo and
Manta, started to construct two new water treatment plants with a total capac:ty of 180,000
m !day as explained below.,

Cuatro Esquinas treatment plant at Po_rtov_iojo'
45,000 m'/day (Operation Stage 1)
45,000 mjlday_ (Operation Stage H)

| _ El Ceibal treatment plant at Rocafuerte
45,000 m’/day (Operation Stage I) N
45,000 m*/day (Operation Stage 1)

Water transmission pipeline system .
30 km from El Ceibal 1o Manta
5 km from El Ceibal to Rocafuerte
5 ki from Cuatro Esquinas to Portoviejo



- The total construction cost is estimated to be US$ 37 million, a major part of which
was agreed to be financed by the French government. The construction was commenced in
August 1991 with a scheduled full completion in late 1995 for both Cuatro Esquinas and El

Ceibal. Raw water supply to these new plants in the dry season when the natural flow of the

Portoviejo river is almost depleted should depend on the Poza Honda reservoir, The Poza
Honda reservoir, however, cannot afford to feed the new plants with additional 66

. MCM/year of water without suspending the irrigation water supply to the Poza Honda

irrigation system. This is one of the major reasons for urgent necessity of water to be

 diverted from the Daule-Peripa to the Portoviejo river basin.

. The Poza Honda reservoir will function as a water receiving pond to be diverted
from the La Esperanza reservoir to supply the Portovigjo river basin under the Project.

3.3  Daule-Peripa Dam Project

~“The first comprehensive study on the water resources development of the Guayas

river basin was conducted by OAS in-1964 at a master plan level, in which the construction

of the Daule-Peripa dam was 'proposed' as a master reservoir for basin development. UNDP -

- made a preliminary study on the Daule-Peripa Dam Project in 1972. With a finance of the
~ Interamerican Development Bank (IDB). a feasibility study on the Daule-Peripa Project was

conducted in 1978. The Committee for Guayas River Basin Development (CEDEGE)
started the construction of the Daule-Pcupa dam in September 1982 and completed it in
December 1987 with the IDB financing. The total construction cost was around US$ 140

* million. The main objectives of the Daule-Peripa dam are (i) flood control, (ii) domestic
‘water supply, (iii) irrigation water supply and (iv) hydroelectric power generation.
- Technical features of the dam are as follows. o

Hydrology _

Catchment area - | _ 4,200 km?
- ~ Annual mean basin rainfal] e '_ . 2,700 mm
. Annual mean inflow _ : 5,000 MCM
Runoff coefficient . | 44%
_ Probable max. flood . - 14,350 m’/s

Rescrvonr _ _ _
' Gross storage capacny S T 5300 MCM
Dead storage - PR - 1,300 MCM
. Effectivestorage © . L 4,000 MCM
“ Flood water level __ o - -~ EL.88.0m

Norm_hl h'i'gh water level _ o ©+ ' EL.85.0m



' Low water level
‘Riverbed level

. Reservoir area'at FWL~

. "_‘.Reservouarcaat HWL

Allocatnon of Rcservou Capacny

_ Floodspace S
- Power géneration
Irrigation
Water supply

| Use in Manabf province

“Main Dam
S Type
Height from foundation
:  Crest elevation -
Crestlength
_ Dam volume

:Sub dam
Lo -Type :
Length -~
Average height
-Embankment volume

Spillway

Type, Control structure

Water conveyance

Energy dissipator
Width of overflow weir
Overflow weir level
Design peak discharge
Spillway gates

No of gates

Type’

.Dimensions

 EL.600m
CEL.12m-
o 290km’

©3,500MCM e
1,800MCM. . -~

" 500 MCM

© 500 MCM

" Zoned earthfill
- 90m
: EL. 90.0m

250m -
3,000,000 m’

R .,Homogé-neous eaﬁﬁﬁll ' _
- 18km .
IOm(max 27 m)

5,900,000 n’

Gated overflow weir

Open chute
Stilling basin

. 59m R
CEL.77.0m
3480 m’fs

"3 nos-
'I‘amter gale

H = 8.0 m, W l70m

Power facilities (Not yet installed as of Mar. 1995)

Installed capacity
" Annual energy output
Design head

65 MW x 2 units = 130MW

y _.,510_Gwh (firrn)

. 582m -

”—w .



Design discharge | 132.3 m¥s per unit

Qutlet facilities

. Tunnel diameter and iength ' - 90m,530m
Outlet capacity '_ . 400 m/s

It is to be noted that a reservoir capacity of 500 MCM is allocated for use in the

central zone of Manabf province, According to the inter-institutional agreement between

CEDEGE and CRM, which was signed in December 1986 and fully endorsed by the

‘Minister of Agnculture and Livestock, CRM is entitled to divert up to 500 MCM/year with

the maximum diversion of 18 m’ s,
3.4 . La Esperahza Dam Project

A feasibility study on the La Esperanza Dam P;ojeot was started.in 1970 and
completed in 1975, A definite design was pnepa:ed in 1976 and the construction was
commenced in 1978. CRM was the execuling agency of the project and the cost was .
financed by the Ecuadorian government.

During the initial sfage of oons__truction, ‘however, the.construction work was
suspended due to-a geotechnical probiem of the dam foundation, and the contract for
construction was terminated in 1980. A complete revision of the design including some
more geotechnical inveétigation was started ih_Septembor 1982 and completed in June 1984,

- The dam construction, however, had been suspended up to 1990 due to'a financial problem.

The financial problem wés-sol#od in 1991, Qut of the total construction cost of
US$ 80 miillion, US$ 30 million was to.be financed by the Spanish government, US$ 30

~ million to be financed by Spanish banks and the remaining US$ 20 million to be financed by

the Ecuadorian govemment. CRM commenced thc construction work from early 1992,
whlch wnll be compleled in mid 1996.

B fl_"he techhi_cal fcatures of the La Espcranza dam are as follows.

Hydrology R :
_ __Catchmentarea B SR 445 km®
Annual mean basm ramfall D 1,520 mm
T Annual mean inflow Y 376 MCM
" Runoff coefficient * N S . 56%

o -'_Probablemax ﬂood ' ' R _ 3,040 m/s
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" ‘Reservoir: . ¢

Irrigation outlet
Low level outlet

_ _G_foss_ storage capacity _

- Dead storage o 6AMCM
- "Effective storage 391 MCM.
 Flood water level | ~ EL,67.7m

- Normal hlgh water levcl ~ BL.66.0m

" Low water level - ~~ EL/37.0m
‘Riverbed level - : '="__E-;L,_522_ m:. L

* Reservoir area at FWL | - 240km”

" Reservoir areaat HWL © 227 km’s
Type | ' Zoned earthfill
'Height from foundation T 5T0m
Crcst elevation - - 690m

" Crest length . :696_.0 m .
‘Dam volume o 3,700,000 m’
Splllway _ 2
Type, Control suuctmc - Gated overflow weir
- Waterconveyance - Open chute :
-. Energy diss'ip'alorl .Stllhng basin - .
Width of overflow weir -300m .
- Overtlow weir level . 620m

" Design peak discharge £900.0 ms -

Spillway gates | .
No of gates . 4nos
Type . Tainter gate
- Dimensions H=40mW=75m
Outlet facilities

 Capacity 25 - 38 m’/
Capacity 110 m /

Qutlet for river maimcnauce ' B Capac:ty 5 m Is

~ The objectives of the La Esperanza dam are (i) I'lood control in the Camzal nver'

and (n) irrigation water supp!y to the Carrizal- Chonc, i 1gal|on area of about 15, 000 haand -
Los Amarillos-Guarango irrigation arca of about 2 2,500 ha Once the La Espcmnza dam is

constructed in the upper reach of the Carrizal river, the habltual 1nundat|on prob]em in the

~ rainy season and the severe water shortage ploblem in the dry scason will mostly be solved - '
in the Chone river basin. The water shorlugc problem of the Portov:ejo river. basm wnll still -




“remain unul the Pro_]ect is rcalxzed to divert water from Daule-Peripa to the Portovigjo river
- basin through La Esperanza

Under the Project, the La Esperanza Reservoir will receive Daule-Peripa water and
will also function as an intermediate pond to divert water from Daule-Peripa to the Portovxejo
nvcr basm :

- 3.5 Waler'-Tra'nsbasin Project from Daule-Peripa to. Manabi -

.' CRM staﬁed a study on water transbasin project from Daule-Peripa to the central
part of Manabf in 1984, when the: Daute-Peripa dam was under construction, A definite

'dcsngn for the water transbasm schemc was prepared in 1987 in the following plan,

(i) Water' in the Daule Peripa rescrvoir will be diverted to the La Esperanza
~ reservoir through a 8 3 km tunnel by gravxty with a transbasm capacity of
"'12 mals o : -

. (i) Water i in the Daule river at. about 30 km downstream of the Daule -Peripa dam _
“will be pumped up by about 150 m to be diverted into.the Poza Honda '
resefvoir th'rouéh a steel pipeline of 13.3 km in length and a diversion tunnel of
112 km in length with an-initial capacnty of 8 m*/s and a final capacity. of

12 ms.

The construction cost was estimated at a price level of October 1986 to be US$ 26.4
mllhon for transbasin from Daule- Peripa fo La Esperanza and US$ 80.3 mllhon for

.' transbasm from Daule nver to Poza Honda, tolalmc US$ 106.7 million.

The PH[MA study in 1989 did not reconimend the proposed plan mainly because of

| _hlgh pumpmg requlrcmenl and resultant high opcration cost. CRM, in line with the PHIMA
_recommendation, requested CEDEGE for constr uction of the tunnel entrance at the Daule-
:: Peripa reservoir with a capacnty of 18 m s, instead of 12 m s, and CEDEGE constructed
 the tunnel entrance in' 1990 accordmgiy CRM also revised the tunncl desngn from Daule-

Penpa to La E‘.speranza to have a capacity of 18 mr Ys in 1989,

According to thc revxscd de31gn prepared in 1989 by a Brazilian- Ecuadonan _
Consomum who des:gned the Waier Transbasin Project in 1987, the diversion tunnel has a
length of 8.3 km and a semi-circular section of 4.6 miin diameter, with an inlet sill elevation

-atEL. 66 m and an outlet sill elevation at EL. 8.5 m. The construction cost of the diversion
tunnel was also revised to be US$ 37.9 million at a price level of October 1989, which is
. about 70% hnghcr than the original estimate because of capacity increase from 12 m *sto 18

m/s and the ume d1fference of 3 years ﬁom 1986 to 1989, The water transbasm schcmc_
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| 'frorn Daule- Penpa toLa Esperanza is one of the lmportant c0mpoaents of the Pro_lect The
Brazilian desrgn was reviewed and a revised de51gn is proposed by JICA

-3 ;'6"5: g Carrizal-:Chone Mult'i'piu'rpose'‘Proje_t:t5 S

Dunng the years from 1986 to 1989, in parallel wrth the ﬁnaneral arrangement for
~ construction of the La Esperanza dam, CRM conducted a feasrbllrty study on the Camzal-
Chone Multrpurpose PrOJect including river training- and irrigation and drainage. system over
a net irrigation area of 16,720 ha in the Carrizal-Chone plain and the Guarango-Amarillos
“plain. The Guarango plain is located. in the lower. basin of the Portoviejo river and,
- therefore, the. proposed nmganon system- involves the water. transbasin of 5.0 m s from
Chone to POl'tOVIﬁjO through a drversron tunnel of. 5.1 kmin length and with a drameter of
30matalevel of EL. 72 m, mcludm g pumping of about 53 m, The total. constructron cost

was estrmated to be USS. 65.4 m|ll|on ata pnce level of September 1989.

A head reach canal with a capacny of 23 m !s starts from the La Esperanza dam at

EL. 32 m for a distance of 10’km and the left main canal is branched off from the head reach
canal. At a point.18.1 km from the beginning point of the left mmn canal, a canal with a
- capacity of 5 msls is further branched off at EL. 21.4 m for u‘nganon of the- ‘Guarango-
Amarillos plain. A level of the diversion tunnel was optimized to be at EL. 72 m with regard

to a tunnel length and a pumping head though the Guarango Amanllos 1mgauon area is

lower than EL 60 m.

This idea of water transbasm from Chone to POl'(OVlE_]O was adopted. by the PHIMA

Study and included in various alternative transbasin schemes, because it is drfﬁculr to justify |

a diversion tunnel only to irrigate the Guarango area of’ about 1,500 ha The drverted water

- would most probably be used for uneontammalud water supply to El Cerbal treatment plant -

at Roeafuene

| The Carrizal-Chone ]mgauon Praject is duectl y connécted with the La Esperanza.. :
Dam Project because water is planned to be supplled from La Esperanza :Since the .
construction of the La Esperanza dam was under way with a ﬁnancral cooperatnon of Spain, -

- CRM had a strong desire to proceed with the project. In late 1994, CAF (Corporacrén
Andina de Fomento) accepted to finance US$ 4 million for the detailed: desngn work of the
pro;ect

E:
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4. 'WATER DEMANDS
4.1  Water Supply_Sector
Three regional water supply systems currently serve in the expanded Project area

including Manta and Jipijapa area. They are Poza Honda System, La Estancilla System and
Chone System, all of which are operated and maintained by CRM, except Caza Lagartos

* Treatment Plant Wthh is operated by EMAPAM:

In the Poza Honda System, potable water is pr oduced by two major water treatment

plants. One is Guarumo Treatment Plant with a capacity of 43,200 m */day (Raw water from

the Poza Honda reservoir) located _]USI dowmtteam of the dam, and the other is Caza

| Lac'anos Treatment Plant of 20, OOO n /day (Raw water from the Portoviejo river) located

near Santa Ana. Also, Las Pulgas Tréatment Plant of 3,000 m’ /day (Raw water from the

‘Portoviejo river) located in Portoviejo c:ty ‘and Los Bajos Treatment Plant of 600 m’/day

(Taking groundwater) located at Montecristi supptement the system. A schematic layout of
the system is shown in Fig. 4.1. The Poza Honda System supplies the municipalities in the
Portowejo river basms and the Manta and Jipijapa area as shown in Fig. 4.1.

~ As described in 32 h‘erein", the Poza Honda System wil be expanded with the
completion of two new treatment plants, Cuatro Esquinas Treatment Plant at Portoviejo with

- a capacity of 90,000 m */day and El Ceibal Treatment Plant at Rocafuerte with a capacity of
90,000 mslday, and water transmission ptpehne system from El Ceibal to Manta (30 km),

from El Ceibal to Rocafuerte (5 km) and from Cuatro Esquinas to Portoviejo (5 km). This

“new water supply _sy.Stem including two new trcatment plants is scheduled to be put into
* service in late 1995, '

Inthe La Estancilla System. La Estancilla Treatment Plant with a capacity of 9,000

" m*/day (Raw water from the Carrizal river) located at La Estancilla supplies major

: mumcrpahttes in the Carrizal river basin and in Bahia area. A new treatment plant with an

- additional capacity of 18, 000 m Iday has recently been constructed. The present water

~source of the system is the natural flow of the Carrizal river which is marginally sufficient to

' supply Taw water to the exrsttng plant of 9,000 m’ */day. The future water source will be the

i _La Esperanza Dam under construction at the upper reach of the Carrizal rtver A schemattc
| -layout of the system is gtven in th 4, 2 together w1th the Chone System

The Chone System suppltes Chone and San Antomo in the Chone river basin by a

' ‘treatment plant w:th a capacrty of 5, 300 n !day Iocated at Chone city. CRM is presently



constructing a new plant with an add:nonal capacuy of 5. 300 m3/day to meet an- mcreasmg
waterdcmand R S . o ' R @

o QJJ__DemamLEQmeb.lwmwmx

Water demand mcludes that for mdusti ial use and for tounsm in addluon to that for
domestic’ use " Future water demand in the servrce area was projected by the followmg
ﬂprocedure ' L : :

1) PrOJectlon of water served populauon -

" i) Projection of tourists |
iii) Prolectlon of unit water demand

. _': 1v) Water demand forecast

= '.The water served populatlon in the service arca was pl‘O_}CCth as follows _

"'W“r rved Population

Year R Poza Honda . Eslan_oll}a Chone ':i - Total

1990 462 (80) 86.(70) 0. (70) - 538 (71.2)
2000 52989 .. 120,80 66 (80) 715 (83:6) 8
12010 687 (90). 164 (90) 86 (90) 937 (90.0)

2020 . 881 (9% 212.(95) 103 95) 1,196 (95.0)

Figures in parenthesis are coverage rate in percent.-

* Tourism popUlation in several resoit areas was estimated as follows: .~

~ Tourism Population_(Persons/day) -

Year | Crueita- : Cha: 1poio Mem_a > Bahia ~‘-Tot'e]‘i-

1990 500 1430 2,670 .- 8,830 . 13,430
2000 1,190. 3,510 6890 .. 46010 . 57,600 © .
2010 . 1,900 5690 - 9250 - 57,440 74,280 -

12020 2,820 ~ 8,450 - 9250 . 58360 78,880 -

Umt domestic water demand meommended by IEOS m l99l and the umt mdustnal )
water demand which was est:muted to be "0% of the unit domestxc demand for cmes w1th
the population more than 100 000 and to be 10% tor cities with the populanon from 5,000 to P _. ' 3
100,000 are gwen in Table 4 1 These ﬁgures were taken as a target to esumale future umt - s



water demand in the service area. The actual level of unit water supply is about 50%-60% of

& - the recommended unit dcmands of IEOS This level was estimated to increase in future in
the followmg pace: -
Yeaxr  1990. - 2000 2010 2020
Level(®) 5 10 85 100

Projected unit water demands 1n the service area are also given in Table 4.1. Unit
water demand for tourism popu]anon was estimated based on the domestic unit water
" demand for cities with population more than 100,000. By means of the above-mentioned
procedures, the water demands in the service area were projected as follows:

Regional W_at:er:' R Average Water Demand (m’/day)

t " Supply System 1990 2000 2010 ° . 2020
Poza Honda System . 89,950 155470 252,730 - 395800

Chone System 8,780 17.260 27,510 39,570

La Estancilla System = 12,500 30,760 - 52,180 76,540

o Tetd 7 111230 203480 332,420 512,290

CGamds) 0 (129) 0 (236) - (3.85) (5.93)

Unit demand* (Vp/d) £ 207 285 . 355 - . 428

‘_“_ Includ'_ing industrial water (10-15%), tourism water (2-8%) and unaccounted-for
~ water (around 45%). - '

' 41 tem expansion pl

The Poza Honda Syslem w1ll be expanded in the following schedule to meet the
futurc water demand’ d:scussed in 4. 1.2 herein.
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- o o - Production’ Capacnty (Da:ly Max:mum) mlday S
CPlant 1990 - 2000 - 20100 .. 2020

 Guaumo 43200 3'4_3,200_ 43,200 '.*,..-56,000*.1::-
Cazalagartos 20,000 20,000 - 20,000 20,600
Las Pulgas 3,000 3,000 T
Los Bajos S 600, R
Cuatro Esquinas ~ . 90,000 . 163700¢  272,300*
ElCeibal -~ .~ - 90000 _ 152400%  245400*
 Total 66,800 246200 379,100 593,700
‘Water Demand . B 134900 233200379000 593,700
. (Daily Maximum) . L R

'(Note) Plant capacny =1 05 x Production capacuy

Productlon capacity 2 Daily maximumi demand to fully meet the water

~ demand
Dally maxlmum demand = l Sx Average daxly demand

* Further system expansnon is uquucd

' A schematic layout’ of the Poza Honda Systcm in the years of 2000 and 2020 is
shown in Fig. 4.3 and Fig. 4.4, respecnvely

The Chone System wnll have no addmona! water source in futurc whlle the La
Estancilla System will have an abundant water source by the construction of thc La

Esperanza dam. To meet an increasing water demand in the Chone area the Chone System -

is proposed to be integrated i in the La Estancilla Syw,m The lntcorated Chonc La Estancilla
System will be expanded in lhc followm;, schcduk. '

Production Capacity (Daily Maximum) m’/day

Plant _ 1990 2000 . 2010 - 2020
LaEsancilla 9,000  61400%4/ 108,900%  164,200%
Chone 5300 10.600%8/ 10,600 - 10,600

Totdd 72,000 119,500 . 174,800 0
Water Demand 18750 4/ 72,000 119,5003 174,800
(Daily Maximum) 13,170 2/ ) o o

e



L (Note)‘ 1/ Demand forLaEstanu]la System
- prR Demand for Chonc System
3/ Demand for lntegra_l_ed Chone-La Estancilla System
4/: LaEstancilla capacity will be increased to 27,000 m*/d in 1995.
5/: Chone c_apacity will be increased to 10,600 m?/day in 1995,
*  Further system expansion is required.

A schematic layout of the Integrated Chone-La Estancilla System in the years 2000
and 2020 is shown in Fig. 4.5 and Fig. 4.6, respectively.

4.2 Irrigation Sector -

h 4.2.1 Existing jm"glatig'.n s ystémé

- There are thr_ee.ir_rigzition.systems in the _Proj_ect area, i.e. (i) Poza Honda, (ii)
Chico, and (iii) La Estancilla, - |

The Poza Honda irrigation system extends along the Portoviejo river, consisting of

7'sub-syétems. The service areas and actually irrigated areas in 1988 are as follows:

Name of Sub-system Commanding area (ha) Im'gzitcd area in 1988 (ha)

Santa Ana 2,750 - 1,170
Lote SA =~ 200 | 190
Meja o S 830 . . 580
Ceibal - 2,700 1,790
LaJagua - = o 1,570 o . 660
© ElCemito -~ 7 400 350 -
La Guayaba | 300 110
Total | 8750 4,850

s Only a part of the Santa Ana sub- -system is quppllcd by the Poza Honda dam
throughout the year, but thc rest of the Poza Honda system depends on the naturai flow of .

' _the Portovnejo river. Because of water shortage and poor maintenance of the irrigation

system, only an area of 4,850 ha was insufficiently irrigated in 1988 out of the total

' i.commandmg area o of 8,_7_50_ha,

The CthO 1mgat10n system mcludes 4 sub- systcms i.e. Alajuela, La Clénaga '

: Pechlche and PaSa}e as shown below
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| _.‘Name ofShb»éyst_cm. '--'::'(Ifom'n_ﬁnding 'nre‘#(h:i)"‘_ ';'Irﬁgati:darcaiii_'l988 (ha)

—

. Ciénaga U000 290
Pechiche . 650 0 610
Passe 500 - 0 480

Tow . 2050 . 1380

~ The Chico lmganon system fully depc.nds on the natural flow of the Chnco nvcr,
which is the major tributary of the Portoviejo river. Irrigation in the dry season is only

possible in its early stage (June and July) because the ChICO nvcr is a]most dcpleted in the :

later part of the dry season.

Thc' La Estancnlla z'md'the Canuto irrigation systems cover 2,730 ha, of which 1,520
~ ha was insufficiently irrigated in 1988 due to shortage of the natural flow of thc Carrizal
river, whnch is the major tnbutary of the Chone river, :

In silmmary', the project arca iﬁ 'pnovidcd with inigaiion facilities covering an area of .

13,530 ha, but the actual irrigated arca is limited to about 7,750 ha due to shortage of water
resources. The. cxlstmg imgauon areas are shown in Fig. 4.7, ;

4,2.2 Irrigation development
_ Th_é present land use of the project arca is summarized as follows.

B (Unit: kmz)

Land Category - ~ Chone including Bahfa  Portovigjo .~ Total |
(1) Agrcultural lands -~ o R o :

- Crop and horticulture 5619 - 6040  1,165.9
Annual crops -+ - - o173 . 2042 0 3115
Perennial crops 454.6 399.8 8544

- Pasture | 9026~ 4507 13533

- Complex of crops and pasture 7785 0 4814 12599

Sub-total | 122430 S LS361 37791
(2) Non-agricultural fands.  ~ !'-.568.0..' L5239 :--:':1._091-9_-..'
2.811.0 20600 4,-871.0”"‘

From the wewpomt of land clasmﬁcauon the. land su1table for agnculturc amounts
to 123,000 ha consnsung of Categones A and B, as shown below .
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$ . Basin A B C X  Total

Bahfa 58 60 46 380 544
Chone 318 342 6l 996 . 2267
Portoviio 339 113 368 1240 2,060
Total T 515 1.025 2,616 . 4871

‘(Note) ~ Category A: - Potentially irrigable lands without any limitation or with
slight limitation.

- Category B:  Potentially irigable lands with moderate limitatiOn..‘

Category C: P'otentia]'l'y irrigable lands with severe limitation,
Category X! Non-irrigable lands.

The lands of Categories A and B are presently fully utilized for cultivation. There is
no room for further expansibn of the agricultural fands. The agriculture development
‘'should, therefore, be directed to intensified farming by means of irrigation. Irrigation
@ ' development area was delineated in the following manner: '

a) Delineation was made on topographic maps of 1:50,000 in scale.

b) Irrigation _dgvelopmént area is located downstream of existing and proposed
dams. o ' | '

- ¢) The area is irrigable by a gravity system from dams or diversion dams.
'd) The existing irrigation areas arc included.

" &) The gross area is Cb_nvene_id into a'net area with a conversion factor of 80% for
the category “A”, 70% for “B” and 30% for “C” in the land classification.

, ~ The following 8 schémes with the total net area of 29,250 hz_i were thus formulated
in the Project aréa. - ' ' ' '



Scheme . RiverBasin *-_NccnngauonArea(ha)

"'-.(J_;fu"l.i'zal-.ChQn'c:= g Carrizal and Chone ~ 15000'
CAmarilles 0 Camiml 1,000
"'Gua'rango B - _' Portoviejo o | B '1,500':'_'_
RioChico  Chico . -~ L300
_',Pechrche-Pasajc:  Chicoand Poriovico 850"
Santa Ana . L PonoQicjo_ | : - _ 3300
“Mejfa' - Porovio - 1250
~ Ceibal-Guayaba ___Portoviejo 4,650
Toad 29250

The proposed irrigation schemes aré_ shown in Fig. 4.8 ei_nd Fig. 4.'9.'__

~The irrigation water requirement was calculated by the following formula: -

ET'crop = Bt * Ke
IR= ETcrop+PD ER

DWR = IR/Ef
| whére," ET crop o "Crop éQapOlmnshimlioﬁ (mni/'month)

' (Crop consumptive use)
_ETp o Potential cvapou‘a.hspi:ralion (m_n_v’morit_h)_ o
Kc . Crop coefficient |
IR - :' - Net 1mgat10n iequncment (mm/month)
PD- : Water requirement for land preparahon of paddy ﬁcld

{mnvmonth) :

ER : Effective rainfall (nnn/momh) o
DWR : Diversion water réquirenwnt_(mn’n/month)
| E, Im’gation e!‘ﬁciency | |

Et, was esllmated by the modified Pcnman method based on the metcorologlcal data - |

at Portoviejo, Rocafuerte, Santa Ana, La Ec.tancma and Calceta. K¢ values of annual Crops..
were calculated by Grassi- Christiansen formula and those.of citrus, banana and rice were
quoted from the feasibility repoit on the Carrizal-Chone Multlpurpose Pro_]cct Water.

requ;remem of 120 mm was added f0| p'\cldy iu.ld as PD ERis related to actual ramfall and o
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ET crop. The SCS method established by USDA was applied to estimate ER, taking rzﬁnfall
data corresponding to 5-year return period of drought. E; was taken at 0.53 for paddy and
0.46 for upland crops.

lmgauon water reqmrements weie calculated on monthly basis in accordance with
the proposed cropping pattern as shown in Fig. 4. 10. The water requirement of the total
irrigation development area of 29,250 ha was calculated to be 571 MCM/year with 80%
guarantee and peak requirement occurs in September as shown in Table 43

4.3 Shrimp Farming Secctor

43,1 Existing shrimp farming and its future expansjon

~ The shrimp farming in Manabi province was practiced in 12,074 ha in 1990,
accounting for about 8% of the country’s total. The shrimp farms are concentrated in the
estuary of the Chone river where 4,967 ha were operated in 1990. In 1989, Manabi

produced 7,458 tons of shrimps, corresponding to aboul'9% of the country’s total. The

shrimp production in the Project arca is 4,061 tons in 1989 accounting for 54% of the total

~-shrimp 'prodUCtion m Manabl’ province.‘

| Sal:mtles are ‘influenced by seasonal ﬂuctuatlon of rainfall and runoff. Surface
waters in the upstream snde of the shnmp ponds have salinities as low as O parts per
thousand (ppt_)_m the rainy season due to heavy rainfall and abundant runoff of the river,

“while it rises more than 40 ppt equal to or higher than that of seawater in the dry season.

Shrimp farming is 'pr_ac'liced Ihm_ughdut the year because of the perennial supply or .
av&ilability_ of postlarvae from the wild and hatcherics., The average growing period is three
to four months; and it is not'difﬁcﬁlt to harvest two crops a year. The present productivity
raiges from 425 to 900 kg/ha/crop, with the average at 660 kg/ha/crop.. Since the number of

crops a year is 2.0, the average productivity a year is 1,320 kg/ha.

- The 6p'tim_uh1 range of saiinity for good growth of shrimps is from 15 to 25 ppt. If
proper fresh water supply c_:onlrdls the salinity of water in the shrimp ponds within the

- opiimu'm range, shn'mps will grow faster and the number of crops a year may increase from

the present 2.0 to 3.5, while the future productivity is assumed to improve from the present

660 kg/ha/crop to 830 kg/ha/crop “The annual shrimp production is thus estimated to be
2, 905 kg with fresh water supply and 1,660 kg without fresh water supply Fresh water is
requ:red only dunng the dry sgason whcn the sahmty increases more than 25 ppt. The



_ shnmp ponds extended in the estuaries of the Chone river and the Portowe_]o nver are as
followsaswell as their futurc prohable area expansnons . S e @

1984 1987 1990 195 2000

ChoncEstuary CEEE I . L I N
Zone A(Seaside) - - 990 990 . 990 .

© ZoneB (Riverside) 4,120 - 4,827 3977 4157 . 4427

PoroviejoEstuary 103 130 130 130 . 130-"

Towl 423 4957 5097 5211 5547

432 Water reduifcmént fo'r-shrinm fnr"ming '

Bascd on the currcnt sahmty data at lhe estuaries, annual fresh water requxrernent in
2000 onward was estlmated as foIlows s S ;

Gross area ~ Netarea  Area receiving . . Unit water . - Total water _
_ fresh water  requirément  requirement %
_(ha) '_(hq) (ha) . (m¥ha) (MCM/year)
Chonerwer _ . I ST
Zone A 9% 594 475 49500 235
Zone B _ 4,427 © 2,656 - 2,125 C 35,7000 0 T76.0
Portovito river (30 718 63 44300 - 2.8
Toal sS4 338 26 - 1023

(Note) Net area is assumed to be 60% of the gross area. ‘Also, the area actually o
~ receiving fresh water from the. Project is assumed to be 80% of the net-
area. : ' '

Seasonal fluctuation of the fresh walter requirement was estimated as follows:
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(MCM)

Month Chone Chone Portoviejo Total
' {(Zone A) (Zone B)
July 3.9 - 0.4 4.3
August - 3.9 - 0.4 4.3
~-September- - 4.0 - 0.5 4.5
October - 39 25.4 0.5 29.8
November -~ - - 3.9 25.5 0.5 29.9
December 3.9 25.1 0.5 29.5
Total 23.5 2.8 102.3

76.0

4.4 Other Water Demands

Dams in Ecuador are obliged to release a certain volume of water as a river

maintenance flow.

In the Project area, the Poza Honda dam must release a constant flow of 0.25 m’/s

_ :malntenance flow will amount 23,7 MCM per year.

29+

_throughout the year in addition to the various walter requirements. The La Esperanza dam
_under constructlon is also needed to release a constant flow of 0.50 m 3s. Th1s river



5. ' RESERVOIR OPERATION STUDY
5.1 ,D’ivefé.io’n__ from Daule to Ma_na‘bi"

- The Daule- Peripa feservoir’ is planned to be operated to meet the demands for power
(mnmmum water level for power generation, EL.65 m), domestic water, lmgatlon including
dilution water of lmgatlon return flow, transbhasin to La: Esperanza (mlmmum level for
transbasin, EL.66.6 m) and transbasin to the Santa Elcna Peninsula and Macul The desngn _
water levels of thc Daule Peupa rcservo;r are as follows

| Normal High Water Leyel . o EL.85 n

Loiv_Wa’ter Level ~ EL.60m |
_mo"od'wazeruvel '~ EL.88m

: Atthe reQUest of CRM; CEDEGE :.onducted a reservoir opcranon sludy, generatmgf .
synthetic ﬂows as mﬂows to the reservoir, fo: 30 serics of 30 years each

Accordmg to the proposed tunnel, dt.swn from the Daule- Penpa reseryoir-to the La
Esperanza reservoir, divertable discharge is depcndent on the Daule-Peripa reservoir water _
level. The transbasm discharge is 0 m 3s.for a reservoir lcvel lowcr than EL 66, 6 mand %
more_than 18 m*/s for a reservoir leve} higher than EL 76.6 m. The mtennshtutlonal'
agrecement between CEDFGE and CRM. hmm the water transbasin up to 18 m’/s and 500
MCMlyear :

- The reservoir operation study by CEDEGE indicated that the lransbﬁsin to La
- Esperanza in a volume of 500 MCM/year i is secured at about 90% guarantee as shown
below. :

Level of guarantee ' ' Divertable water volume
' (%) ' e (MCM/year) -
' ' Qmax = 18 m¥s
Maximum volume ' o 568 - 7
50 - 7568
80 | 537
89 495

Minimum volume : 3 136

It is understood. that water of ‘ﬂ? MCM/)’LQI‘ cin be dwerted to La Esperanza at |
80% guaramec (4 years assured out of § ycaaq) chhmcally dlvenablc watcr (Qmax =

230



18 m Is) and adjusted diversion.to hmlt an annual volume to 500 MCM for each month are
proposed as follows '

- Water D_iv_ersion from Daulé-Pex‘ipa to La Esperanza.

" Month. - 'Volume to be . . |
: o -~ diverted icchn’ically Adjusted volume Adjustéd discharge
| (MCM) ~  (MCM) (m/s)
Janvary . 419 294 110
February 319 25.5 10.5
March® 392 267 100
Aprit . 389 - . 389 15.0 -
‘May 482 48.2 \ 180
June 46.6 - 46.6 18.0
nly 48.2 48.2 | 18.0
August 48.2 482 180
September 466 - 466 - 180
October | 48.2 482 18.0
November 46.6 : 46.6 ~18.0
'Dcccmber . 46.9 46,9 17.5
TowlAverage - S37.4 5000 158

The adjustment is made by reducing the diversion water volume to'La Esperanza in
three months from January to March when :amlalls are maximum and water demands are
minimum. The adjusted volumes for each month are apphcd to the reservoir operation study
as the maximum divertable water from Daule- Pu1pa to La Esperanza.

5.2 . Integrated Reservoir Operation of La Espcranza and Poza Honda

-La Esperanza receives natural flows from its own basin and diverted flows from

' -Daule-Pcnpa La Espcranza 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. mamtcnance (16 MCM/yem), water suppl y to the Chone-La Estancilla water
- supply system (45 MCMiyear) Carrizal-Chone irrigation of 15, 000 ha (253 MCM/year),
" Los Amarillos 1mgat10n of 1 000 ha (19 MCMlyem) and Dllutmn Water equlvalcnt to 20%
_ of the Lrngauon water reqmrement

S A



“la Esperan':za 'sheuld'elso divert water to Poza Honda.  Poza Honda receiVES natural

flows from its own basin and diverted flow from La Esperanza Poza Honda together with -

the available interbasin flows of the Portoviejo river should meet water demands for water

_supply to the Poza Honda water supply system except the El Ceibal treatment plant (89 '_
MCM/year), m‘lgatlon for Santa Ana system of 3,300 ha (74 MCM/ year) for Pechlche- '

Pasaje system of 850 ha (20 MCM/year) for Mejm system of 1,250 ha (28 MCM/year) for

Ceibal-Guayaba system of 4, 650 ha (111 MCM/year) and for Guarango system of 1,500 ha-

(36 MCM/year), shrimp farmlner in the Portovicjo estuary (3 MCM/year), river maintenance
8 MCMfyear) and Dilution Water equivalent to 20% of lhe 1rngatlon water requuement

POZa Hohda should also divert water to Mancha Grande of the Chico river basin -_
The diverted flows together w1th the available natural flow of the Chico river should meet

'water supply to El Ceibal treatment plant (63 MCM/year), irrigation for CthO system of
1,700 ha (31 MCM/year) and Dilution Watu equivalent to 20% of the lmgatlon water
requirement,- ' : : : :

2.2 Basic conditions for integrated reservoir operation stu

(1) | Reservonr Storage Curves

Reservoir storage curves s after SO years sedlmentanon are used- to make the study
conservative. : ' :

) Imrigation Water Requirement

Irrigation water requirement is affected by the effective rainfall. - For the study, .
imgauon water requirement calculated for a drought year with a-return penod of 5

years is used

3) Dilution Water

Dilution water equivalent to '70% of the nnﬂanon water reqmremem IS applled tothe -

study to dilute irtigation 1etum ows.

(4) Use of Interbasin Flows

The interbasin flows, the natiural fiows from the catchment area downstream of the

dam, can be used to meet water demands especially during the rzuny season.’ Use
- of up to 60% of the lnterbasm flow is assumed to be: allowed '

(5) Water Demand Level

Water demands in the target year of 2020 are used_for':lhe study. o

"'.3.2?-'-
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(7)

Target Reservoir Water Levels

_The transbasm from Daule- Penpa to La Esperanza is planned to be made by

gravity. Water transbasin is recommended to be continued as far as possible. 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.
63.5 m. Therefore, it is planned to suspend water transbasin from Daule-Peripa

* when La Esperanza water level is higher 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 Esperanza to Poza Honda is planned to be made by
pumping. Lower target water level of Poza Honda is desirable to save pumping
energy cost and to aim at maximum utilization of the own basin flow limiting a
spillout volume from Poza Honda to the minimum. However, if the target water

“level istoo low, more frequent water shortage will take place during operation

because the reservoir storage capacity cannot be used effectively. A number of trial

" 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 Severino Pumping Station at La Esperanza

_.An intake water level of the Severino pumping station for water transbasin from La

Esperanza to Poza Honda should be low en0unh to continie water pumping in low
level period of La Esperanza However, the following two design conditions
require to fix the intake level at EL. 47 m, higher than the low water level of La
Espcran_za by 10 m. |

h | Ant1c1pated reservou sedlmcnmuon level of EL.45 m at the Severmo pumping

 station site.

- Allowable drawdown of La Esperanza water level during construction of the
Severino, pumping station, fullilling the required minimum functions of La
Esperanza. '

Infakez Level of _Poza Honda;Maiicha Grande Diversion Tunnel

Th’e transbaéin 'fr'omr Poza Honda to Mancha Grande is planned to be made by

- gravuy The topographlc condmons at the tunnel outlet limit the lowest intake water -
- level of Poza Honda at EL 94 m.:

) 33 R
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