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SECTOR F: SECUREMENT OF WATER QUANTITY

1. METEOROLOGY AND HYDROLOGY
1.1 Avazlable Data

An mvcntory of the meteorological and hydrometric stations in and around the study
area is given in Table 1.1-1. The location of these stations is indicated in Fig. 1.1-1.
The number of statlons where data was co!lected is tabulated as follows:

Station Type . Organization Total
_ SM MA AC
Climatology 1 1 - 2
Pluviograph - . 10 ; 10
Pluviometer . - - 1 1
Hydrometric - 15 - 15

Note: SM: Aeronautical Meteorological Station
MA: MARNR
AC: TuyRiver Basin Agency

The Team installed three automatic water level'gages at the locations shown in
Fig 1.1-2.

' The condition of observation, data ﬁlmg, operation and mamlenanoe at each station

was investigated and compiled in “Sistema de Control de los Recursos Hidricos en la

‘Cuenca Alta y Media del Rio Tuy, Septiembre 1995, GTZ”, which is summarized as

follows:

Cliniatoiogical and Rainfall Stations

A total of 13 stations exists in and around the study area (see Table 1.1-1). The data
has been compiled on a master file by SINATHME (Database of the Office of
Hydrology and Meteorology, MARNR). In general, data gradually become
inaccessible as time passes and the lack of resources for station maintenance affects
the quallty of information.

Hvdmmetnc Stations

The majority of these 15 hydromeiric stations sfopped operations in the late 1970s

‘when Mnmstry of Public Works (MOP) reformed to MARNR.

‘The ‘monthly measurements of river flow up to 1993 have been compiled in the

SINATHME master file. It is, however, generally insufficient in quality because of

data lost or mtemlptlon especially after 1978. The following four stations exist in the
‘study ‘area, bul no continuous observations are being carried out. Accordingly, the
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data before 1978 will be geng¢rally used for the analysis.

Station name River { 7 Operatlon condition

Las Caballerizas | Tuy The H- Q curve has not been updated the profi le has
changed due to the erosion and sedimentation in the
riverbed.

Ocuritare del Tuy | Tuy No data of levels is kept and. no dlscharge
| measurement has been performed due to Jack of
adequate transportation means and confusion in
responsibility between the Tuy River Agency and
DHM (Directorate of Hydrology and Meteorology).

San Antonio | Tuy | DHM kept daily levels data up to May 1993, but no
. discharge measurement has been conducted. -

Rio Arriba Guare | Observation of the water level is cohiducted, The
data up to 1993 has been compiled in lhe master file,
but with large veids in data. :

1.2 General Climate
1.2.1 Large Scale Clrcuiahon

Throughout the year, but to varying dcorees Venezuela is under the influence of the
equatorial trough and the Northem Hesmisphere trade winds. The trade winds are
-present along the Caribbean coast year round and the equatosial trough never
completely abate over the southern Guyana Highlands, although recirved Southem
* Hemisphere winds prevail theic when the trough is at its farthest point north.
Otherwise the generalization can be made that the trade winds occupy the country
during the dry and warm part of the year (“verano” December-April) and the
equatorial trough dominates during the wet and cool months (“inviemo” May-
November).

1.2.2  Geography and Meteorology

The entire Tuy River basin is located in the coastal north central region of the
country, situated between the coordinates 65°25°W and 67°20°W and 10°00°N and
16°33°N. It covers a surface of approximately 6,600 km? comprlsmg parts of Aragua
and Miranda states and the Federal District.

On the entire river basin, the Study Area mcludes the upper and middle basins from
El Consejo to the water intake at San Antonio. The Study Area is at 66°41°W to
67°20°'W and 10°00°N to 10°26’N Administratively, it covers a parts of Aragua and
Mnanda states. .

The _Stu{iy Area is bounded to the nosth by the southern “slopes of _the‘.C'oastal
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. Highlands, to the south by the northern stopes of Interior Highlands, to the east by the
‘low lands of the lower Tuy River basm and to the west by the watershed of the

Valencia Lake basin.

The general orientation of the relief is in an east-west direction and the opening of the
two highlands towards the west permits the penetration of air masses from the
Caribbean Sea along the Barlovento Coast towards the plain and internial valleys of
the basin. The air in movement towards the smithwest is forced by the topography to
lift, thus cooling and as a result causes precipitation mainly over the northern flank of
the Interior Highlands, since it is oriented almost perpendicular to the predominant
dlrectlon of the wmds of the area.

In the case of thoral Highlands, a great deal of humid air coming from the Caribbean
Sea, ‘ascends the north side, losing a great part of its water content through

_precipitation generated by the adiabatic lift, and descends the southern slope, towards

the inter_ior of the basin, as a drier mass of air.

~The atmospheric precipitation in the area has its origin in the humid air coming from

the Caribbean Sea; Thie rainy season is determined by the advance of the intertropical
conveérgence zone between the months of May and August and the propagation of the
east waves, mainly during the months of August and September, so as the modified
cold fronts of the north, is hollowed to form the tropical depressions, whose presence
is noted between the months of October and March. Due to the geographic Jocation
of the basin, 10 degrees north, the Study Area is influenced by the cold fronts from
the nosth, whose consequence is the notable diminishing of the dry period

1.2.3. Climatological Data

The climatic condltlon of the study area is shown in Fig. 1.2-] and the cha:actenstlcs
of climate are mentioned below:

" Temgeraturq

The monthly mean temperature is almost constant throughout the year. The
difference between months is small; Even it is much smaller than fluctuation in daily
temperature.  Variation in altitude is more pronounced than the horizontal variation
which is constant. The temperature in the middle basin of the Study Area, Cha-Tovar
to Santa Teresa is approximately 26°C on an average, while it is 15-17°C in the
mountainous area, Colonia Tovar and Agua Fria in the upper basin.

The variation in maximum and minimum temperatures is smali at £1°C to 2°C from

' the average temperature in both mountainous and plain areas. At either locations, the

maximum temperature occurs in May and the minimum in January.

Relative H'in'nidi'tv

" Monthly variation of relatwe humidity is illustrated in Fig. 1.2-1. At Colonia Tovar,
“at'an clevation of 1,435 m, the relative “humidity is stightly higher than those in the
 lowlands varying from about 80% to 90%. In the relatively lower tands at Ctia-Tovar

and Santa Teresa, these vary in the range from 70% to 80%.
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The relation between the patterns of relative hum1d1ty and rainfall is clear at all the
stations. It rises in May, at the beginning of the rainy season, and is lowest in March.

Winds

Data of mean wind velocity in the study area is available only at Colonia Tovar.
According to these, rio distinct variations are obvious throughout the year. It is
slightly hlgher from January to March at about 3.3-3.5 km/hour: and the iomst in
November at about 2.5 kmfhour

.....

and SSE to ESE from May to December. In Cta-Tovar, winds from ENE-ESE
prevait throughout the year. - o

Evaporation

Annual evaporation is high at approximately 1,700 to 2,100 mm in the lowlands. The
_ monthly evaporation ranges between 180-250 mm in the dry season and 110-150 mm
in the rainy season. The monthly variation presents a peak in March, at the end of
dry season, with higher values until May. It decreases when the rainy season starts.

1.3  Rainfali
1.3.1 Annual Rainfall

- Average annual and monthly distribution of rainfall in the Study Area are iflustrated
in Fig. 1.3-1. The average annual rainfall ranges from 800 to 1,000 mm. In the flat
valley in the areas of Cha-Tovar to Santa Terésa, it is relahvely higher at’ about
1,100 mm. It is less on the mountain slopes to the north and the south. The annual
rainfall in the valley, namely, at El Consejo, Las Tejerias, Paracotos and Charallave is
the lowest at about 800 mm.

Effect of the altitude is not very clear except in the area of northemn mountams even
there it is not very distinguished. Geomorphological effect or difference by location
on the basin is more pronounced to the amount of annual rainfall.

" 1.3.2 Monthly Rainfall

The monthly rainfall increases in May and continues until November or December at

all the stations on the basin, Although some varieties exist by location, the rainy’

season is from May-December and the dry season in the rest of the year.

The rainfali pauem of Venezuela can be broadly divided into two (1) the Llanos
pattern which has a single maximum occurring during the high-sun months and
distinct low-sun dryness; and (2) the semi-annual pattern which during the course of
the year completes two oscillations between wet and dry. The Llanos paitem is
characteristic of the entire central area of Venezuela, while the semiannual pattem is
most prevalent over the coastal areas.




‘When this is compared to the pattems in the study area, the distribution in the lower

lands in the east of Cua is similar to the complete Llanos pattern. Areas in the
westem part, El Consejo and to the north, presents some influence of semi-annual
pattern with two peaks in the year. -

| Approxim'a:iely 95% of an annual rainfall concentrates in May to December. The dry
season is very distinct from January to March nearly without rainfall.

1.33 Daity Rainfall

Daily rainfall distnbuhons of representative stations are presented in Fig. 1.3-2,
Annual number of rainy days in 1983 is 132 (4.4 months) at Las Tejerias and approx.
170 (5.7 months) at Colonia Tovar, Ciia-Tovar, Rio Amiba and Santa Teresa.
Rainfall in the rainy season is usually 5-10 mm per day.

1.3.4 Short-term Duration Probable Rainfall Intensity

Fig 1.3-3 presents 2-year return period probable 1-howr and 24-hour rainfalls
calculated at each station in the study area. The rainfall in the study area is
characterized by concentration in a short period.

- 1.4 River MorphologY

The division of the catchment basin for major tributaries is presented in Fig. 1.4-1,

- and the longitudinal profile of the Tuy River and major tributaries is shown in

Fig. 1.4-2. The river features, ¢.g.,, catchment area, river tength, by tributary are
summarized in Table 1.4-1. The catchment basin of the Tuy River at the water intake
of San Antonio is 2,162 km’, while the tota! river length is 129 km.

The Tuy River orngmates at near Coloma Tovar (EL 1,900 m), 10°25’00"N and -
67°18°20"W. The river generally flows south in the mountainous area, joins a left
bank tributary, the Lagunetas River at 127.3 km (a distance from the confluence
point with the Guaire River at the downstream end of the medium Tuy River basin,
the same for the other part of this report), and reaches to El Consejo at 114 kin point.

At El Consejo, the Tuy River abrupﬂy changes its direction to the east and flows in a
500 to 1,000 m wide valley until it arrives at Las Tejerfas, 101 km point. In this area,
it joins right bank tributaries of Tiquirito Canal (113.3 km point) and Qda. Morocopo’
(104.2 km point) dnd a left bank tributary of Qda. Guayas (100.5 km point).

After thé Tay River flows through the industsial zone in Las Tejenas, it joins the

* Cagua River, a right bank tributary with a catchment area of 49.9 km? at 93 km point.
The nver then flows down in a steep and rocky valley to Técata. Human habitation is

sparse along this stretch bécause of the steep terrain.  Along this stretch with 87 km
point, Qda. Maitana, a left bank tributary, flows into the Tuy.

The Tuy River flows southeastward near Tacata, joins the Guare Rwer at 74 km poini

“and the Amagua River at 61.8 km point. The river grad;em becomes gentler from

around Técata and fusther gentler from around Cua. Aﬁer Cia, the river flows in a
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heavily mearidered channel in a 1,000 m-wide flood plain. Both banks dre used for
orchards and other crop lands.

“The Ocumarito River, a right bank fribixtary, and the Qda. Chara]{a{re'ﬂow into the
Tuy River at 39 km point and at 36 km point, respectively.” Ocumare del Tuy, the
- capital of Lander Municipality, is on the right bank near 35 kni point. The river turns

to the north here. - San Francisco de Yare, the capital of Sinion Bolivar Municipality

is at 23.2 km point and it reaches the water intake at San Antonio at 15 km point.

1.5 Runoff
The purpose.s of river runoff analysis to be conducted in the present study are as
follows:

s Confirmation of available water at water intake of San Antonio
° -Develojjmen{ of tributary water for securement of water supply source

The available discharge data with a sufficient observation period in the study area are
limited as discussed in 1.1. The following study has been conducted.

1.5.1 Discharge in the Tuy River at Toma de Agua

Available Data

As discussed in Section 1.1, the following data are available for the dischafge of the
main stream of the Tuy River. .

Location C.A. (km?) ~ Observation Period
Hda, Barrios 248 1941-77
Hda. Tazon | 1,180 1941-77

San Antonio 1,843 . 1989-92

Historical Trend in Monthly and Annual Average Disch’arg"e B

The discharge at San Antonio includes supply from Camatagua Reservoir through
Ocumarito Reservoir. Accordingly the discharge at Hda. Tazon shall be used for the
discussion of the discharge of the Tuy River in the middle stream. Fig. 1.5-1
illustrates the monthly average, maximum and minimum discharges of the Tuy River
at Hda. Barrios (248 km®) and Hda. Tazén (1,180 km?) for the 37-year period from
1941-1977. These values for 20-year period from 1958-1977 are presented in
Table 1.5-1. ' o o

At both stations, it shows a pronounced d;creasing tre’nd-_in’ the dischargesf It is
assumably due to human intervention of water balance. Historical change in the

annual average discharges of the' Tuy River at Toma de Agua is présented in -
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Fig. 1.5-2. As seen in the figure, there is a decreasing trend in thé annual average
discharge. The degree of decrease, however, seems less in the latter years compared
to 1940s and 50s. o

Monthly Average Discharge

- Monthly average specific discharges at Hda. Barrios and Hda. Tazén are as follows:
Specific discharge at Hda. Barrios is small due to the use in the basin.

Monthly Average Specific Discharge of the Tuy River
m*/s/100km’

Station | Jan | Feb | Mar | Apr | May|:Jun | Jul | Aug| Sep | Oct | Nov | Dec | Year

[Hda. Barrios - | 0.11} 0.08) 0.08} 0.12] 0.23] 0.36] 0.37| 0.44) 0.42] 0.40[ 0.35] 0.19] 0.27

'k{da.-’razon' 0.23[ 0.16] 0.12] 0.12 0.21] 0.51| 0.61] 0.83) 0.68 0.70] 0.51] 0.34] 0.39
‘Note: Values in m*/s/100km’ are calculated as: discharge divided by catchment area (km’)
and multiplied by 100.

The monthly discharge at Toma de Agua calculated on the basis of the specific
discharge at Hda. Tazon is presented in Table 1.5-1. Monthly average values are as
follows:

Monthly Average Discharge of the Tuy River
m’/s/100km’

Station | Jan | Feb | Mar| Apr | May| Jun | Jul | Aug| Sep | Oct | Nov{ Dec | Year

San Antonio 4.34) 291} 2.14] 222] 3.39| 9.49]11.27{15.31]12.60]12.93| 9.39] 6.29] 7.19

Note: Datais calculated based on the specific discharge data at Hda. Tazén
Values in m*/s/100km? are calculated as: discharge divided by catchment area (km?)
- and multiplied by 100.

Flow Duration

Daily discharge data of the Tuy River is available at San Antonio. A flow duration
curve has been accordingly prepared at San Antonio as presented in Fig. 1.5-3.

1.5.2 Discharge in Tributaries

Discharge data in tributaries of the Tuy River are available at the following stations:

Available Data
River Location C.A. (km?) Observation Period
Guare Rio Arriba ) 1978-93
Qcumarito E} Desecho 122.7 1960-67




Monthly Average Discharge

AtRio Arriba in the Guare River, a right bank tributary that flows into the Tuy River
at Técata, relatively latest observed data from 1978 are avallable but thh a lot of

missing data.

Accordingly as discharge dala for tributaries, those at El Desecho it the Qcumarito
River have been used. - The monthly average discharge is presented in Table 1.5-2,
and the daily discharge plot and the' duration curve are ilfustrated in Fig. 1.5-4.

Monthly average discharges are summarized as follows:

| ‘Monthly Average Discharge of the Ocumarito River

- N | m’/s/1 00k’
Station | Jan [ Feb | Mar | Apr [ May| Jun | Jul | Aug] Sep | Oct [ Nov | Dec | Year
i Desecho | 0.34] 0.61{ 0.42] 031] 0.5 1.49[ 271 3.78] 3.02] 1.95| 1.49 17.4.6. 1.56

Note: Catchment area: 122.7 km
Values in m*/s/100km? are calculated as: dﬂchmge dmded by catchmenl area (km?)
and muitiplied by 100.
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2. PRESENT CONDITION OF WATER SUPPLY SOURCE |
21 Eyfisting DanvRéservoirs and Regulation Ponds
2.1.1 Major Features

Major features of reservoirs in and around the Tuy River basin are presented in
Table 2.1-1.  The summary of those features is represented by effective storage

L’f} capacity in the table below:
Reservoir and Regulation Pond Effective Storage Capacnty
' : (million m®)

~ Octimarito ' . ' . 8.4
Lagartijo ' 70.0
Taguacita - 2.0
Camatagua _ 1,532.1
Qda. Seca 6.5
La Mariposa 70
La Pereza T80

2.1.2 Function
The functions of the reservoirs are summarized as follows:
(1) ~Ocumarito Reservoir

Water stored in Ocumarito Reservoir is supplied through Ocumarito treatment
plant to the cities of middle basin area of the Tuy Rivez, namely, Ocumare del
Tuy, Ciia, Charallave, San Francisco de Yare, Santa Teresa and Santa Lucna
The supply capacity of Ocumarito treatment plant is 1.06 m/s.

Another function of the Ocumarito Reservoir is to receive suppleméntary
water from Camatagua Reservoir at Caicita, the upstream end of the
Ocumarito Reservoir basin. [t is called as Camatuy system. Camatagua
Reservoir is the water source of Tuy IIl system. Water supplemented from
Camatagua Reservoir is released into the Tuy River through the Ocumarito
* River during the low flow period of the Tuy River. This water is then pumped
up to Tuy I system ‘at the San Antonio intake.

"{2) Lagartijo Reservoir

'Laganijo Reservoir is mainly a water source of the Tuy H system, which is
conaected also to Tuy I system.

 (3) ’Taguacitd Reservoir

Taguacita Reservoir is also a water source of Tuy Il system, which is also
connected to Tuy ] system.
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(4) Camatagua Reservoir

Camatagua Reservoir, a multlpurposc ong, is on the Guérico River, a tributary
of thic Apure River, with the functions below:

» Water source of Tuy Il system

» . Water source for the Hidrocentro system
o Irrigation (6,000 ha)

o Recreation

(5) Qda. Seca Resen_r'oir

‘Qda. Seca Reservoir regulates pre-treated water of a p're-tréa'tmént’ facility at
San Antonio. The construction of the reservoir has rccently been oompleted to
receive water from Tuy I system.

(6) LaMariposa Reservoir

La Mariposa Reservoir is in the Guaire River basin, where Metropolitan
Caracas is located. It has been created in 1950s as a water source for the
supply to Caracas. It is presently used as a regulation reservoir to Mariposa
treatment plant.

7 a Pereza Regulation Pond

I.a Pereza Regulation Pond has the highest altitude in Tuy H system. The
water is pumped up to the pond for regulation before La Guaicita treatment
plant.

213 .Operaﬁon Condition of the Reservoirs

These reservoirs’ dally stored water volume for the 11-year pertod for 1986-96 are
plotted in Fig. 2.1-1 which is discussed as follows:

(1)  Ocumarito Reservoir

According to the record, Ocumarito Reservoir is in full capacity for 4.3
months of the year on average. This means that water flowing into the
reservoir in this period is spitled over and flown downstream. If the total
water volume including this spilled water from Ocumarito Reservoir at the
intake of San Antonio exceeds the intake capacity, water flows down without
use.

(2} Lagartijo Reservoir

An intake capacity of 7.0 m*/s is designed for Lagartijo Reservoir, Spill rarely
occurs and water stored in the reservoir is effectively used.



(3) Camatagua Reservoir

- It has a large capacity of 1,530 miltion m® and scldom spills water. The water
for Tuy-III system is taken from Camatagua Reseivoir basically to supply the
Tuy-I and Tuy-1I systems.

(4) Qda. Seca Rescrvoir

The reservoir had been used by 1993 mainly in the dry season of December to
April. Based on the reservoir operation results, it has not been effectively
iised since 1994.

(5) La Mariposa Reservoir and La Pereza Reservoir

- From the reservoir curve, it is used for a short time (daily or weekly)
regulation.

2.2 Status of Presently Proposed Water Resources Development Project

Tuy 1V Taguaza System

Tuy-1V-and Taguaza-Ciudad Fajardo System is presently under construction. The
outline and progress of the work is as follows:

The purpose is to complement water supply systems of the Metropolitan Arca of
Caracas and Ciudad Fajardo (Guarenas, Guatire and Caucagua). Source of the water
is Taguaza and Cuira reservoits to be constructed on the right bank tributaries of the
Tuy River. Water to Metropolitan Caracas area is delivered by Tuy-IV system to
Caujarito treatment plant. The capacity of Tuy IV system is 8.0 m*/s with Taguaza
Reservoir and 10 m/s with Cuira Reservoir. '

The pipe for water transmission from Taguaza Reservoir to Caujarito treatment plant
is 51.75 km-long and 3,000 mm-diameter.

Currently Taguaza Dam and a water transmission system is under cdnstruction.
Taguaza dam has progressed to 60%. Of the 52 km transmission pipe line, 25 km has
been completed. _

Taguoaza-Taguacita Interconnection

Taguaza-Taguacita interconnection project is presently proposed for construction.
‘This project is to divert water stored in Taguaza Reservoir to Taguacita Reservoir
“through a connection pipe. The connection pipe has a capacity of 4.0 m’/s, and
annual average developed water is approximately 1.5 m’/s. According to the plan of
Hidrocapital, it will start operation when Taguaza Dam is embanked to a 4x10° m® of
the final volume of 6x10° m®. However, construction of the interconnection pipeline
has not started.



2.3 Possible Water Supply Source in the Study Area

As discussed in the previous sections, the present river water use in the upper and
middle stream of the Tuy River basin is the following:

o Intake at San Antonio by Hidrocapital
» Intake at Ocumarito Reservoir

¢ Intake at Lagartijo Reservoir

The potential sites for supplemental water supply sources in the study area are studied
from the view of water quality and quantlty and identified as listed below (see
Table 2.3-1):

River "~ Location Catchment Area

| | o (km?)
Cagua River Upstream of confluence of the Tuy River | . 49.9
Guare River Técata - 186.0
Aniagua River | Upstream of oonﬂuenoe of the TuyRiver- | =~ - 533
Tarma River ditto 78.0
Sucuta River ditto : 65.0
Ocumarito River | ditto _ _ ‘ ' 122.7




3. MASTER PLAN STUDY FOR THE SECUREMENT OF WATER

QUANTITY

" In this part of the report, target and policy to secure water quantity have been

confirmed  firstly.  Applicable measures are accordingly identified, and the
optimization study has been conducted:

3.1 Confirmation of Target and Policy

* On the basis of the present problems oit water quantity as identified in the previous

part, tie target for the securement of water quantity has been defined as follows:

» Stable water supply to the Caracas Metropolitan Area

o Securement of water for the demand increase in the Caracas Metropolitan
Area

To achieve the stable water supply to Caracas Metropolitan Area, it is important to
maximize the use of water in the upper and middle streams of the Tuy River.
Maximization of the use of water would be attained by utilizing water that would
otherwise be wasted at Toma de Agua. It would resultantly reduce the dependency on
Tuy Il system. The Tuy Il system has higher potential of water supply failures due
to long pipetines with many pumps,

For the sccurement of water for the demand inciease in the Caracas Metropolitan
Area, the concrete target has been obtained as follows: The amount of 19 m’s is
presently being taken by Hidrocapital for water supply to the Caracas metropolitan
and neighboring areas. To cope with the demand increase due to population increase,
Hidrocapital is presently implementing Taguaza-Taguacita Interconnection Pro;ect

. The pro_lect will increase the above amount by approximately 1.5 m*/s. This increase

of 1.5 m¥s roughly corresponds to a 8% of the curreit water intake of 19 m*s. The
increase of 8% will cover the population increase for approximately 4 years since the
population increase rate in the area is about 2.2%. Consequently, a water shortage is
foreseen after then unless new water sources are secured, because it will take a longer
time to complete the Tuy IV system. The system would cope with the future water
shortage with the water intake capacity of about 8 m’/s.

Accordingly, the concrete target for the securement of water quantity is: to develop by

- the year 2003 approximately 2.0 m’/s of water that would otherwise be wasted in the

upper and middle streams of the Tuy River basin. The adequacy of this quantity,

“however, should be confirmed through a study on the availability of water resources

in the study area.”



: Item _ : - Value
Momhly average secured water from the upper and mlddte - 4.0m’fs
streams of the Tuy River basin .
Intake at Toinade Agua =~ . 2.0ms
Newly developed water o - - | approx. 2.0 m’fs

3.2 Applicable Measures

Applicable measures for the development of water in the upper and middle streams of
the Tuy River basin include the following:

(1) Torrent Diversion

Water of tributaries are taken and diverted to the existing reservoirs or to
regulation ponds to minimize spifi at Toma de Agua in the rainy season.

2 Effective Utilization of E:’déiihg Reservoirs

According to the results of the study to securé a water supply source as

~presented ‘in Section 2.1, Ocumarito Reservoir is full to capacity for 4.3
months of the year on average. Dutring this period, water is spilted from
Ocumarito Reservoir and is finally flown down at Toma de Agua.

Accordingly, utilization plan for the Ocumarito River is studied to minimize é)
spill at Toma de Agua in the rainy season.

- (3)  Development of New Dams

Construction of dams on tributaries to minimize sp:ll at Toma de Agua in the
rainy season is considered. Guare Dam and El Peiién Dam are the possible
01gs.

3.3  Optimization of Alternative Measures

The optimum plan for each altemative measure is studied and determined. A master
“plan study has been conducted for the torrent diversion plan. For the utilization plan
of the Ocumarito River, Guare Dam plan and El Pefion Dam Plan, pre- fcas:blhty
studics have been conducted as presented in “4. Pre-Feasibility Study on Water
Resources Development” and the final results are presented in this section.

3.3.1 Torrent Diversion

Method of Torrent Diversion

The following five tributaries are studied (seé Fig. 3.3-1). All these tributarics are
located on the right bank of the Tuy River.
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Name of Tributary Catchment Area (km®)
Cagua _ : 49.9
Guare 186.0
Aniagua . 33.3 }
-} Tarma : - 78.0
Stcuta - 65.0
Tota} : 432.2

* Water is taken at an initake stnicture (see Fig. 3.3-2) and transported by a diversion
- pipeline to the existing reservoir for storage to minimize spill at Toma de Agua in the
- rainy season. For transpOrtanon gravity flow is considered for no operation costs.

Diversion of water in the dry season when water is not splllmg at Toma de Agua is
not consndered because this will cause the detenoratmn of water in the Tuy River

Existing Reservoirs Available for Use

The availability of the existing reservoirs is studied. Topographically, three
reservoirs can be used, namely Ocumarito Reservoir, Qda. Seca Reservoir and
Lagartijo Reservoir. Historical reservoir opération curves at each reservoir are
presented in Fig. 2.1-1 and the possibility of use is studied. As a result, it has been
confirmed that only Lagartijo Reservoir could be used.

e Ocumarito Reservoir :  According to the operation records, the reservoir is
full to capacity level 43 months a year on
average. Therefore, no capacity is available for
use. _

e Qda. SecaReservoir : The capacity is planned to be used for the
regulation of water supply from the Tuy Il system .
(construction of diversion structure is completed),
so that no capacity is available.

¢ lagartijo Reservoir @ In accordance with the operation curve, available

capacity for each year is obtained as tabulated
below.
. {Unit: million m3)

Year Available capacity

1986 0

1987 0

1988 15

1689 y 57,

1990 0

1991 15

1992 2

1993 _ 48

1994 ' 32

1995 $7

- 1996 ' 0




Flow Duralion and Wéter Voluine to be Taken at the Intake

~ A 'flow duration curve is avaitable for the Ocumarito Rwer a mbutary of the Tuy
River. This is used to obtain the possible water volume to be developed. The flow

 duration curve is presented in Fig. 1.5-4. The possible water volumes to be taken at
~ the intake are as follows:

The torrent dwers:on plan is proposed to develop water to minimize spill at Toma de
Agua in the rainy season. [t has been detérmined ‘that the water exceediiig 50%
discharge of the flow duration curve up to the target flow would ‘be ‘divérted to
Lagartijo Reservoir as presented in'the illustration below. “The reason is as follows:
The period when water of the Tuy River is-spilling at Tormia’ de Agud has been
checked. The simulated flow of the Tuy River-at San ‘Antonio for 1972-78 éxceeds
the monthly average intake capacity at 5.5 msls of Toma de Agua for six month a
year on average (see Fig. 3.3-3).

Idea of Torrent Diversion
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The water volume taken at the intake by target flow is as follows:

Target flow Intake water volume
(m’/s/100km?) (mem/year)
0.933 (50% in duration’ curve) 0.00
1.0 : 1.03
1.5 7.26 ]
2.0 11,60
3.0 15.95
4.0 17.54
Note:  Values are of 100 km*




Yolume of Water to be Developed

The water volume to be taken at the intake and diverted to Lagartijo Reservoir is as

presented in the above table. Actual volunie of water to be developed is determined
on the basis of the intake water volume considering the available capacity in
Lagartijo Reservoir. Namely, even the water is taken at torrents and diverted to
Lagartijo Reservoir, the water could not be used if the reservoir is in full supply

- capacity. The average water to be developed has been calculated as presented in the
following table considering the availability of Lagartijo Reservoir. In the case of

annual average diversion of 18 m’/s, an average of 9.5 m*/s would be developed.

(Unit: million m*)

Year Available capacity -Diverted water Developed water
1986 0 . 18 -0
1987 0 18 0
1988 i 15 i8 15
1989 57 18 18
1990 0 . 18 0
1991 15 18 15
1992 2 _ 18 _ 2
1993 43 18 18
1994 o 32 : 18 . . 18
1995 57 ' 18 18
1996 0 18 0
Average 18 9.5

Comparison of Alternative Development Cases

Thé_ following five cases of intake and diversion have been studied.
+ Intake at Sticuta and diversion to Lagaitijo
. Intaké at Tarma and diversion to Lagartijo
« Intake at Aniagua and Tarma and diversion to Lagartijo
¢ Intake at Guare, Aniagua and Tarma and diversion to Lagariijo
» Intake at Cagua, Guare, Aniagua and Tarma and diversion to Lagartijo

For ¢ach case, the optimum development scale has been detenmined comparing the
target flow of 1.0, 1.5, 2.0, 3.0 and 4.0 m*/s per 100 km?. The calculation sheet is
presented in Table 3.3-1.  Cost curves by diversion capacity are presented in
Fig. 3.3-4. :

The vatues of the optimum scale for each development case are summarized in the
table below:



Development | Catchment' | Ansually developed | Annval | Ambual | - B-C B/C Unit

tnibutary area water benefit | ocost | cost

: . ® | o 1 1 |

. km? metyr |- mfs | Smilyr ‘$mJVyr $milyr _ $/m?
Stcita - 650 | 584} 019 191 | 197 | 006 | 097 | 0337
Tarma 780 | 697 022 | 228 350 | 123 | 065 .| o503
Anjagua-Tarma 131.3 845 | 027 | 276 406 | 129 | 068 | 0480
Guare-Tanma 3173 | 1586 | 050 | sa9 752 | -234 | 069 '} 0475
Cagua-Tarma 367.2 1744 | 055 570 | -89 {32 | 084 | 03514

" Note:. Unit benefit of 50.327/m’ is applied (see pre-feasibility study for detail).
" Alnual Q&M cost is assumed to be 2% ofthe consiruction cost.

Con clusxon

ln the case of Sticuta Intake, the best case among the fi ve B/Cis 0.97 and it is close
to 1.0. Annual developed water is, however, small at 0.19 m*s and it is not
recommendable.  Other cases give lower value of B/C below 0.7 and it is
economically not recommendable.

As a conclusion, no torsent diversion is proposed.
3.3.2 Utilization Plan for the Qcumarito River

The results of the Pre-Feasibility Study are referred as follows:

OQcumarito- -Lagartijo Diversion Plan - %;
Item Unit Value
Average Annual Development Water menvyear - 10.20
- ditto - m/s 0.32
Initial Cost - $mil 19.44
Annual Bepefit (B) _ $milfyear 3.34
Annual Cost (C) Smil/year 233
B-C $mil 1.01
B/C . _ ) o -1 143
Unit Cost $/m’ 0.228
Pumping Plan




_ Item ‘Unit “Value
Ave¢rage Annual Development Water menvyear - 20.30

- difto - . m*/s 10.64
Initial Cost L $mit. | 088
Annual Benefit (B) $millyear 6.64
Annual Cost (C) : $mil/year 2.64
| B-C : |- $mil 4.00
B/C | 252 |
Unit Cost _ $im’ 0130

3.3.3 Development of a New Dam

As discussed in Section 3.2, Guare Dam and El Pefion Dam are considered. El Pefién
Dam has been studied in combination with Ocumarito-Lagartijo Diversion Plan. In
this sub-section, the study for Guare Dam has been conducted.

The results of the pre-feasibility study is referred as follows:

| Hem Unit Value
Average Annual Development Water mcn/year 55.43
_ - ditto - mfs 1.76
Initial Cost $mil 76.1
Annual Benefit (B) $miliyear 18.1
Annual Cost (C) _ Smil/year 9.94
B-C $mil 8.19
B/C ' 1.82
Unit Cost $/m’ 0.179

3.3.4 Conclusion of the Master Plan Sfudy

The following table summarizes the results of the study.

Gross storage capacity Ave. Annual Indtial | Unit Conclusion
Diverted Water | Cost Cost
x 0% m’/s $Smil | $/m’
Torrent diversion 0.19 164 | 0.337 | not selected
Ocumarito-Lagartijo diversion 0.32 134 | 0.228 | not selected
A Pumping Ocusmarito Water to 0.64 99 | 0.130 | given top priority
Tuy 1] System
Guare Dam 1.76 76.1 | 0.179 | given second priority

Torrent diversion has not been selected for implementation because of the high unit
construction cost.

Ocumarito-Lagartijo diversion and pumping plan are competitive and both of them
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could not be implem_cnted simultancously. Accordingly, the pumping plan has been
selected considering higher economic efficiency.

Guate Dam plan has also been selected for implementation considering its higher
economic efliciency.

On the basis of the economic efﬁcrency, the top priority has been glven to the
pumping plan, and the second to Guare Dam plan.

After the implementation of pumping plan and Guare dam plan, a total of 2.4 m*/s of
water will be developed.
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4 PRE-FEASIBILITY 'STUDY ON SECUREMENT OF WATER
QUALITY
4.1  Subject Plans for Pre-Feasibility Study

Pre;Feasibiiity studies have been conducted for the following projects:

o Utilization Plan of the Ocu_marito River
13 ¢ Guare Dam Plan '
¢ El Peiién Dam Plan

Cy

3%

* The dutline of the plans is as follows:
(1) " Utilization Plan of the Ocumarito River

‘Ocumarito Dam is located on the Ocumarito River, a right bank tributary of
the Tuy River. The dam has been constructed to regulate flow of the
Ocumarito River and send to the Ocumarito treatment plait for the domestic
water supply to Tuy Medio. Due to its small capacity compared to the
catchment area, Ocumarito Reservoir is full to capacity for four months of the
year on average. During this full capacity period, water is spilled from
Ocumarito Reservoir to the downstream stretch and it flows down the Tuy
River without use. '

Two options have been studied to utilize the spilling water from Ocumarito
Reservoir. One is to divert water from QOcumarilo Reservoir to Lagartijo
Reservoir. In this plan, water to be.spilled from Ocumarito Reservoir is
diverted to Lagartijo Reservoir through a diversion pipeline. Lagartijo
Reservoir has a larger capacity. The water is finally send to Tuy I or Ii
systems of Hidrocapital.

~ The other option is to pump up water to be spilled from Ocumarito Reservoir
directly to the pipeline of Tuy HI system that runs near Ocumarito Dam (an
idea has been given by Ing. Luis Miguel Suarez Villar, a counterpart from
Hidrocapital). The water is to be sent to Caujarito {reatment plant together
with the water pumped from Camatagua Reservoir. In this plan, the amount
of water equivalent to the amount to be pumped from Ocumarito Reservoir is
stored in Camatagua Reservoir saving the energy at pumping stations between
Camatagua and Tunnel de Las Ollas.

(2) Guare Dam Plan’
The Guare River is a right bank tributary of the Tuy River with a catchment
arca of 185 km?. It flows into the Tuy River at Tacata. The Guare Dam plan
is to develop water resources by the construction of a dam on the Guare Riveér.
~(3) Bl Peiion Dam Plan
* The Lagartijo River is a right bank tributasy of the Tuy River. It flows into
the Tuy River at a just upstream point of Toma de Agua. Lagartijo Dam has
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been constructed on the Lagart:go River at near the downstreammost point
with a catchmeént area of 300 km®. - Water stored in Lagamjo Reservoir is lead
to Tuy 1 & I systems of Hldrocamtal for domestic us¢ in the Caracas
metropolitan area. Lagamjo Reservoir has a larger storage capacity compared
to its catchment area, and the historical records show that the water of the
Lagartijo River has been almost fully utilized without spiiling froin the dam.

The proposed El Peiton Dam site is located on the Lagartijo River in the

upstream side of Lagartijo Dam with a catchment arca of 206 km®. Since the

water of the Lagartijo River is almost fully utilized by Lagartuo Reservoir,
there is no need of construction of El Pefién Dain in this respect.: However, El
Peiién Dam could be taken into consideration if it is- proposed with the
combination of the Ocumarite-Lagartijo diversion ptan. Namely, if Lagartuo
Reservoir is tn the full supply level when water is to be diverted from
Ocumarito Reservoir through the proposed Ocumanto-Lagamjo diversion

- pipeline, El Peiidn Reservoir could be used to store water to keep sufficient
vacant capacity at Lagartijo Reservoir for the dwerted water from Ocumarito
Reservoir.

Accordmgly, the El Pefion Dam. plan has been studied in combmatlon with
the Ocumarito-Lagartijo diversion plan.

The following. part is the pre-feasibility study of the above water resources
development plans.

4.2 Unit Benefit for Water Resources Development

Unit benefit for the calculation of benefit of the water resources development plan has
been determined. Two kinds of values are deemed applicable for the unit benefit in
the present study. Namely, the unit construction cost of the Tuy 1V-Taguaza-Cuira
system and the annual production cost of the Tuy System tised by H;drocapnal for the
evaluation of new projects.

42.1 Umt Construction Cost of Tuy W-Taguaza-Cmra System

The 1eason of application of the unit construction costs of Tuy IV-Taguaza-Cuira
system is the following:

The Tuy [V-Taguaza system is presently under construction for the water resources
development to assure domestic water supply to the Caracas' metropolitan and other
areas. The construction works are, however, behind the schedule. Tuy IV-Cuira
system is proposed to be impleinented in the next stage after the compleuon of the
Tuy IV-Taguaza syslcm

Accordingly, water resources development projects that are more economical
compared to the Tuy IV-Taguaza-Cuira system could be impleniented prior. Thus,
the unit construction cost for the Tuy lV-’I‘aguaza Cuira system would be used as the
unit benefit.
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The major features of the Tuy 1V-Taguaza-Cuira system are presented in Table 4.2-1.
The unit constniction costs are summarized in the following table:

System Unit construction cost (US$/m’)
Taguaza-Taguacita Interconnéction 0.262
Tuy IV-Taguaza - 0.143
Tuy IV-Cuira ' : 0109

422 Average Prbducti'on Cost for the Overall Tuy System

Another valne that could be used for the unit benefit for the water resources
development is the annual production cost of the Tuy System used by Hidrocapital
for the evaluation of new projects.

" Necessary information for the calculation of the annual production cost of the Tuy

System is presented in “Hidrocapital Proyecciones de ingresos y gastos, Afios 1995-

2005, (23 de abril de 1996)". In accordance with this report, annual water

production, value of assets and annual costs of the Tuy System are given as follows:
(D :Annuaf Water Production

Annual water production of the Tuy System in 1996 has been estimated at
561.34x10° m’ (see Table 4.2-2).

(2) Value of Assets

| Value of assets of the Tuy System as of 1996 has been estimated as follows
(see Table 4.2-2).

Item Value
R (USS mitlion)
Production -986.0
Treatment 101.6
Total Cost 1,087.6 .

(3) Annual Costs

Annual operation costs of the Tuy System in the year 1996 have been
estimated by category as follows:



Item . Value
o ' - (USS$ miitlion)
| Fixed Cost
Personal ' . 3336
Indirect - 0.412
Materials 2722
Sub-total 6470 .
Variable Cost | _
Chemicals 3898
‘Energy | 53426
_ Sub-total - _ 57.324
{ Total Cost 163.794

An annualized cost for the production of water by Tuy System is accordingly
calcutated as follows: ' ) : :

Item . Unit - Value Calculation

- 4.2.3 Unit Benefit Applied for the Present Study

The following table presents the summary of the values obtained in the above
analysis, '

Water production m’ 561.34

Project life © year 50

Interest (opportunity cost of capital) % 12

Present worth of an annuity factor - 0.11 .
Annualized capital cost USSmillion | 119.6 | 1,087.6x0.11
Annual operation cost USS million | 63.8 _

Annual cost USS million - 183.4 | 119.6+63.8
Annual production cost per m® - US$/m’ 0.327 | 183.4/561.34

System Unit construction/Marginal cost (US$/m’)
Taguaza-Taguacita Interconnection 0.262
Tuy IV-Taguaza (overall) - 0.143
‘| Tuy IV-Cuira _ 0.109
Annual production c¢ost of Tuy System 10.327

AS the unit benefit, the annual production cost of the Tuy System has been applied
considering the effectiveness of the project implementation in comparison with the
present systen.
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‘43 Utilization Plan for the Ocumarito River

- 4.3.1 General

Ocumarito Dam is located on the Ocumanto River, a right bank tributary of the Tuy

‘River. The dam has been constructed to regilate flow of the Ocumarito River and

send the regulated flow to the Ocumarito treatment plant for the domestic water

- supply to the middle Tuy basin. .

An operation record from 1986-96 for Ocumanto Reservoir together with those for

Lagartijo and Camatagua reservoirs is illusirated in Fig. 4.3-1. As shown in the
illustration, Qcumarito Reservoir is full to capacity for 4.3 months of the year on
average due to its small capac:ty compared to the catchment arca. The effective

" storage capacity of the reservoir is 8.45x10°m® and it corresponds to an equivalent
' 1ainfall of 69 mm over a catchment area of 123 km’. The equivalent rainfall of

69 mm is small compared 10 the annual rainfall of about 1,140 mm. During this full

~ to capacity period, water is spilled from the réservoir to the downstream stretch and it

flows down the Tuy River without use.
In this pre-feasibility study, two options have been studied to minimize the spilling
water from Ocumarito Reservoir: One is to divert water from QOcumarito Reservoir to

Lagartijo Reservoir and the other one is to pump up water of Ocumasito Reservoir
directly to the pipeline of Tuy III system.

The general concept to be studied in this section is illustrated in Fig. 4.3-2.

4.3.2 Hydrological and Hydraulic Pata

-Available Data

Hydrological data ﬁeces_sary for the analysis are siver flow data and reservoir
operation records. The availability of the records is summarized as follows (see also
Fig. 4.3-3).



Item " Description © | Period :'| ~  Source
River flow .
Ocumarito, El Desecho | monthly, simulated | 1939-78 | *1 _
| Ocumarito, El Desecho | daily, observed - | 196067 | *2
Lagartijo, La Esperanza | monthly, simulated § 1939.78 | *]
Lagartijo, Bl Pefién L L
~Taguacita, La Botica monthly, simutated § 1939-78 | *1
- Tuy, Had. Tazén monthly, simulated -§ 1939-78 1 *1 - -
Tuy, San Antonio monthly, simulated § 1939-78 | *}
Reservoir water volume ' 0 '
- Ocumarito daily, observed | 1986-96 § *3
| Lagartijo | daily, observed - | 1986-96°] *3
Camatagua | daily, observed | 198696 | *3
Intake by Hidrocapital - 3 r -
from Lagartijo | monthly, observed | 1991-96 | *3
from Taguacita | monthly, ebserved- | 1991-96 | *3
at Tomade Agua . - | monthly, obsesved | 1991-96 | *3
“to Ocumarito T/P " | monthly, observed | 1986-96 | *3

Note: T/P: treatment plant o
Source:  *1:“Estudio Hidrologico para el Aprovechamiento de Fuentes del
- Sistema de Abastecimiento de Agua Potable de la Zona
Metropolitana, MARNR-INOS, Septiembre de 1981
*2: “MARNR-INOS, 1972
*3: Hidrocapital

Reliability of the Data

The reservoir operation simulation has been conducted to obtain water volume to be
developed by diversion. Flow data of the related rivers for the period of 10 to 20
years are necessary for this purpose. The available data are monthly sitnulated flow
- from 1939-78. It was decided to use the data for the 20 years 1959-78 for the
simulation. The simulation is discussed later in the sections conceming the
optimization study. Monthly hydrographs from 1959-78 are illustrated in Fig. 4.3-4.

The reliability of the monthly simulated flow and the historicat tendency of the river
flow have been checked. Table 4.3-1 presents average discharges, depth of runoff,
catchment areas, etc. of relevant rivers for the study. According to the table, the Tuy
River has a tendency to decrease in flow volume year by year, while the other rivers
have no such tendency. However, as discussed in the section on optimization, this
will not affect the simulation.

The annual depths of runoff are also compared in the table. They are wide ranging
with the lowest value of 110 mm for the Tuy River at Hda. Tazén and the highest
value of 820 mm for the Taguacita River at La Botica. The simulated river flow of
the Taguacita River is higher than the actual value. Accordingly, the river flow data
- are adjusted by verification with reservoir operation records.
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4.3.3 Topographical and Geological Condition

Topography

Maps with a scale of 1/5,000 are available for the study area. The Ocumarito River

Mlows northward from Ocumatito Dam and flows into the Tuy River. From the

confluence with the Ocumarito River, the Tuy River flows easterly till about 2.5 km
past the city of Ocumare del Tuy where it mects the Sucuta River.. From this point
the flow is generally in a north-northeast direction to San Antonio. Lagartijo

“Reservoir is located on the right bank of the Tuy River, just south of San Antonio.

~On the right bank of the Tuy River, along the strefch between the Ocumarito-Tuy

confluerice and Lagartijo, lies-an alluvial plain, approximately 1 km wide. Beyond
this point is mountainous terrain from which the Sticuta & Lagartijo rivers flow.

Geol_ogg

According to the geological map (see Fig. 4.3-5), the right bank of the Tuy River in
this stretch is dominated by Paracotos formation. The Paracotos formation consists
of metamorphic rocks of the Mesozoic Cretaceous. A possible route of the
Ocumarito-Lagartijo diversion pipeline is along the foot of the mountains, the border
of Paracotos formation and terrace deposits. The possible route of the pipeline for the
pumping plan is in the mountainous terrain.

The Paracotos formation contains much schistosity. The schistosity generally trends

east-west to nostheast-southwest and dips southward. Accordingly, trends and dips of

- the schistosity should be taken into consideration for the excavation works. It is

especially important in the south-facing slopes. Mo Jarge faults cross the proposed
line. Although there are numerous minor faults, non of them affect the installation of
the pipeline.

4.3.4 Major Features of the Exisﬁng Structures and Facilities

The existing structures and facilities related to the present plan are reservoirs, and

intake and transmission facilities.
Reservoirs

Reservoirs related to the present plan are Ocumarito, Lagartijo, Taguacita and
Camatagua. Taguacita Reserveir influences this plan because the water taken from
Taguacita Reservoir is sent to the Tuy DI systems together with the water taken from
the Tuy River at Toma de Agua, and the water from Lagartijo Reservoir.

Major features of the reservoirs are tabulated in Table 4.3-2, and elevation relations
between the reservoirs are ilustrated in Fig. 4.3-6.

: Ihtake, Transmission and Other Facilities

Intake and transmission facilities related to the present plen include Ocumarito
treatment plant, intake and transmission facilities of Lagartijo and Taguacita
reservoirs, intake facility of Toma de Aguva for the Tuy River, the transmission
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facilities of Tuy 1 and Il systems, and transshission pipeline of Tuy m system,

(1) Ocumarito Treatment Plant

The Ocumarito treatment plant is located on thé right bank of the Ocuimarito

River in the downstream. area of Ocumarito Dam. - The water taken at
- Qcumarito Reservoir is purified at the plant and supptied as domestic water to
© urban areas of Ocumare del Tuy, Charallave Cﬂa, San Francisco de Yare, etc.
in lhe so-called middle Tuy area.

_ The installed capacity of the treatment plant is 1.06 m*/s. Historical operation
records are available in the fonin of monthly intake and treated quantities. The
historical monthly intake for the period '1986-96 has been: plotted in
Fig. 4.3-7. - As seen in the illustration, although there were some falls in the
past, intake water volume is somewhat stable after 1992,

There is an idea to expand the treatment plant. Details are, however, not clear
at this moment.. The expansion ‘idea has accordingly not been taken into
~ consideration. . ' o

(2) Taguacita-Tuy-Lagartijo Intake and Transm:ss;on System

Fig. 4.3-8 shows month!y variation of 1n£ake from Taguacata Reservoir,
Lagartijo Reservoir and the Tuy Rwer The total intake is also plotted in the
illustration.

As shown in the":illustration, the target intake from the th're'e sources is
approximately 8 to 9 m*/s. General intake rules are summarized as follows:

e Available water is taken from Taguacita Reservoir
* Available water is taken from the Tuy River

¢ The deficit of water to the totat amount of apprommately 9 m3/s is taken
from Lagartijo Reservoir ' _

» If Lagartijo Reservoir is full, priosity is given to the intake from

Lagartijo Reservoir
“The capacity for each structure is the following: 7
System/Facility - Capacity (m/s)
Taguacita intake : L - L 4.1
Lagartijo intake ' - 1.0
Toma de Agua (monthly average capacnty) 5.5

~ The capacity for Tuy 1} systems' is the following:
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Systen/Facility ' ~ Capacity (m’/s)
Tuy I (No.11 pumping station) : .36
Tuy I (No.21 pumping station) ' - 5.6
Neighboring towns 0.4
Total ) %6

(3) Tuy Il System

The plan and longitudinal profile of the Tuy IIT system are presented in
Fig. 43-9. As shown in the illustration, the pipeline crosses Ocumarito
Reservoir by a bridge and passes 1.5 km point from Ocumarito Dam. A
piezometric profil¢ is also presehted in the illustration.

4.3.5 Optimization of Ocumarito-Lagartijo Diversion Plan

In this sub-section, the optimum scale of the Ocumarito-Lagartijo diversion plan has
been studied. - The optimization has been conducted for the cases with and without
the construction of El Peiién Dam.

Generai Features of Structures

Structures considered for the optimizatit)n study are an intake at Ocumarito Dam, a
diversion tunnel to pass through the right bank abutment and a diversion pipeline to
-divert water from the outlet of the tunnel to Lagartijo Reservoir.

(1) Intake Struciure

The intake tower will be constructed in the right bank of Ocumarito Dam with
a minimum intake water level of EL 232.80 m (L.W.L.: lowest water level of
the reservoir). This has beer determined considering that water is to be
diverted even during the minimum water level for the case of using this
system as an emergency route from Camatagua to Lagartijo.

{(2) Transmission Method

Considering the topographic condition, a tunnél is required to divert water
across the right bank abutment to the downstream of the dam.

From the outlet of the tunnel, a pipeline will be installed to convey water by
gravity to Lagarlijo Reservoir. The diameter of the pipe will be determined
for the design discharge. A tunnel leading directly to Lagartijo Reservoir has
not been coitsidered because of a huge construction cost.

Confirmation of Prerequisite for the Planning

. The following conditions have been considered as prerequisite for the optimization

- study. . - _ '



(1) Simulation Period

Reservoit operation records are available for the perlod 1986 96. It is
accordmgly desirable to select this period for snmulauon since the verification
of the simulation results is easy. However, the river flow data are not
available for this period. The simulation period was selected for the 20 years,
1959-78. Verification is to be made for reservoir operation condition, €.g. an
average storage water, spilling and/or empty periods.

(2) Supplyto Middle Tuy through Ocumarito Treatment Plant

An installed capacity of 106 m'fs has been considered to be taken - at
Ocumarito Reservoir. An idea of expansion of the plant has not been taken
into consideration.

3) Opération of Caicita Diversion Structure

The Caicita diversion structure is to divert water from Camatagua Reservoir to
Ocumarito Reservoir. The purpose is to supply water to the Ocumarito
treatment plant and/or to Toma de Agua during dry periods. The water supply
is controlled by a gate at the divession structure.

The rule for the supply to Toma de Agua is not clear. Supply to the
Ocumarito treatment plant has been taken into consideration only for the
deficit in the supply to the Ocumarito treatment plant, and it will not affect
reserveir operation.

" (4) Reservoir Operation Condition

Rainfall in and evaporatlon from - the reservoir have bcen taken into
consideration. In accordance with the rainfall and evaporation récords at Cia,
Tovar and Santa Teresa. Constant values by month have been applied. The
data at Cua, Tovar have been used for the simulation of Ocumarito Reservoir,
and those at Santa Teresa for Lagartijo Reservoir. For Taguacita Reservoir, it
has not been considered because the effect is minimal.

(5) Reservoir Featuses
Major features of the reservoirs are as présented in Table 4.3-2.
(6) Capacity of Taguacita-Tuy- Lagamjo

‘The condition presented in sub—sectlon 4.3.4 has been apphcd for the
simulation.

Simulation of Qcumarito Reservoir

The reservoir operation has been simulated on the basis of the above prerequisite.
Present condition of Ocumarito Reservoir has been simulated for verification.
Reserved water volume and volume of spill of Ocumarito Reservoir are presented in
Fig. 4.3-10. The key values of observed condition (1986-96) and simulated condition

F-30



.-z...,

-(1959-78) have been compared in the following table:

Item

Simulated

Unit Observed
. (1959-78) (1986-96)
Average stored water volume x10°m’ 8.6 8.4
At full supply level month/year 5.4 4.3
At or below 4.0x10°m’ month/year 1.5 1.1

" Diversion Water Volume from Ocumarito Reservoir

The following table shows the pdssible amount of water to be diverted from
Ocumarito Reservoir by the diversion capacity:

Diversion Average annual
capacity _ diverted watei (potential)
mfs " memfyear ' m/s
0.5 609 0.19
1.0 1 10.5 ' 0.33
2.0 154 0.49
3.0 17.9 -0.57
4.0 19.5 0.62
5.0 1 203 0.64

Simulation of Taguacita Reservoir, Toma de Agua and_Lagartijo_Reservoir
{Present Condition)

The proposed plan is to divert water from Qcumarito Reservoir to Lagartijo
‘Reservoir. ~ Since Lagartijo’ Reservoir is operated within a system of three water
sources, namely, Taguacita Reservoir, Toma de Agua and Lagartijo Reservoir, the
operation of the system should be also simulated. .

‘The operation rule of the system is as presented in the previous part.

- 'The actual intake from the three sources from 1991-95 is as follows (see Fig. 4.3-8):

Source '1991-95 average intake (m*/s)
Taguacita 2.40
Toma de Agua 2.39 ]
Lagartijo 3.44
Total 8.24

The following part is the results of simulation of the present condition:
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(1) Taguacita Resefvoir

The discharge data of the Taguacita River have been adjusted seferring to the
“actual average intake from 1991-95 of 2.40m’fs. The simulated mdanthly
average intake is itlustrated in Fig. 4.3-11.

(2) Tomade Agua

Actual operauo'n of water intake at Toma de Agua of the Tuy River is
complicated since it is affected by water quality. Accordmgly for the puIpose

“of simulation, the maximum intake'is temporarlly ﬁxed at 3.15m’/s $0 as to
obtain the recorded actual value of 2, 39m /s

3 Lagartuo Reservoir

Intake volume from L_ag_aﬂijo Reservoir has been determined following the
operation rule as presented in Fig. 4.3-11. The key values of the observed and
simulated condition have beén compared for verification as follows:

Hem Unit Slmulated Observed
: _ (1959-78) (1986-96)
Average stored water volume x10° m’ 39.5 40.4
At or above 78x10°'m’ monthfvear | 0.9 11
At or below 20x10°m’ | montl/year 32 3.7
Average intake from Lagartijo m’/s 363 | 344%2
Average total intake *1 m’/s 8.43 824 %)
Note:  *1: Total intake is of Taguacita, Toma de Agua and Lagartijo
*2: 1991-95

" Newly Developed Water by Ocumarito-Lagartijo Diversion without El Pefién
Dam

The simulation has been conducted to obtain newly developed water by diversion
from Ocumarito Reservoir to Lagartijo Reservoir. In the case of diversion from
Ocumarito Reservoir, the capacity of the intake from the three sources of Taguacita,
Toma de Agua and Lagartijo has been determined at 9.6 m>/s, an installed capacity.

The simulation results ar¢ as follows (see Fig. 4.3-12); Calculation sheets are
presented in Table 4.3-3,
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Simulation resulis of Lagartijo Reservoir -

Item Unit - ~ Diversion capacity (m*/s) N
. 0. 105 ] 10] 20301 407 50
Average stored 284 [ 337 374 | 407 | 417 ] 421 | 423
water volume ' i
At or above month 0.3 0.4 0.9 1.4 1.6 1.6 1.7
78%10%m’ /year ' ‘
At or below month | 50| 40| 35| 34| 33| 33] 33
120x10°%° | fyear | ' | |
Average intake | m’/s 373 3.89] 397 4.05] 4.06] 4.05] 4.06
"1 (from Lagartijo) _ _
Average total m/s 8.53] 869] 878| 885 886 8386 836
intake *1 . R I _ 3
Average annval [x10°m*| 00| 51 78| 102] 106 106 | 106
. |increment N ; _ _
| Average spill m/s 0.08) 0.11| 0.16] 024 031 036 039

Note: *1:  Total intake is of Taguacita, Toma de Agua and Lagartijo

Newly Developed Water by Ocum:_i_rito-Lagafﬁio Diversion with El Peiién Dam

The simulation has been conducted to obtain newly developed water by diversion

- from Ocumarito Reservoir to Lagariijo Reservoir in the case with El Pefién Dam. In

this case, it is considered that water spilled from Lagartijo Reservoir is stored in El
A Pefién Reservoir in advance within the capacity.

Intake from the three sources of Taguacita, Toma de Agua and Laganuo has been .
determined at 9.6 m’/s, an installed capacity as in the case without El Peﬁén Dam

The simulation results are as follows (see Table 4.3-4 and Fig. 4.3-12):

Annual average total intake (Taguacita, Toma de Agua, Lagariijo)

ftem Unit Diversion capacity (m*/s) :

e 0.5 1.0 | 20 | 30 | 4.0 5.0

without x10°m’* § 269.11 [ 274.24 [ 276.91 [279.31 [ 279.67 [ 279.74 [ 279.74
| Pefibn 1000 0513 7.80) 1020 1056| 10.63] 10.63

El Pefibn - | x10%m’ [ 269.61 | 274.74 [278.11 | 280.88 | 281.51 | 281.80 | 281.93
10x10°m* | o050} 563]{ 906| 11.77]| 1240} 12.69| 12.82
A Peion | *x10°m’[270.11 [275.24 | 278.75 [ 282.05 | 282.78 | 283.07 | 283.21
R0x10°m’ 1.00| 6.03] 964] 1294] 13.67| 13.96| 14.10
{El Peion | x80°%m° | 270.61 [275.74 [ 279.25 | 282.97 [ 283.78 1 284.07 [ 284.21
30%10°m* 150 6.63| 10.14| 13.86| 14.67| 1496] 15.10
1 Peiidn | x10°m> | 271.11 [276.24[279.75 [ 283.47 | 284.52 | 285.07 ] 285.21

40%10°m’ 200 7.13] 1064 1436} 1541] 1596| 16.10

Notc: Upper column: total intake; Lower column: increment
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Cost Curve for Optimization

Cost curves for an intake, a diversion plpellne and Ei Pefién Dam have been prepared
for the optimization study.

(1) Intake and Diversion Pipeline

‘Construction Cost _

The cost for'diversicin pipetine for the use of optimization study has been
estimated as fottows (for detail, sec Table 4.3-5):

“Pipeline *1__ [ Others |- Total

Q dia’ ~ Steel -~ |Installation|  Cost *] *3
sl mm | $/m $tm | $mil | $mil- | $mil
0.5 900 374 70 799 :1..077 '10.95
1.0 1,050 - - 550 80 11.34 077 | 15.14
2.0 1,350 | 76l 90 - 1478 | 077 19.44
3.0 1,650 894 160 17.89 0.77 '23.33
4.0 1,800 974 110 19.51 0.77  § 25.35
150 2.000 1,083 | 120 2165 1 077 | 28.03

Note:  *1: Pipeline length is 18 km
*2: Others include direct cost for intake and river crossmg,
considered constant at $451,000 and $320,000, respectively. ;
*3: Include 25%contmgency @

O&M Cost
The flow is by gravity and the structures basically need no operation.
Accordingly, operation and maiatenance cost is assumed at 1% of the

construction cost.

Annualized Cost

Annualized cost has been obtained as the sum of annuatized construction cost
and annual operation and maintenance cost. Annualized construction cost has
been calculated with a present worth of an annuity factor of 0.11 (demgn life
of 30 years and an interest rate of 12%).
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‘Q° | Construction| . O&M Total

m’fs $ mil Smil $ mil

0.5 - 1.20 0.1} 1.31
1.0 1.66 0.15 1.81
2.0 214 0.19 2.33
3.0 2.57. 0.23 2.80
4.0 2.9 0.25 3.04
5.0 3.08 0.28 3.36

(2) - Bl Pefion Dam

Construction Cost

The construction cost of El Peiién Dam for the purpose of optimization study

has been estimated as follows:

Effective | Embankment Other Total
capacity Volume Cost *1 cost *2 cost *3
x10° m’ m_ $ mit $ mil $ mil
10 370,000 85 5.0 16.9

20 470,000 10.8 5.0 19.8
30 535,000 123 5.0 21.6
40 590,000 13.6 5.0 233

*2: include intake and spiltway cost
*3: include 25% contingency

Note: ’FI: Unit cost for embankment is assumed at $23

O&M Cost
Operation and maintenance cost is assumed at 2% of the construction cost.

Annualized Cost

Annualized cost has been obtained as the sum of annualized construction cost
and annual operation and maintenance cost. Annualized construction cost has
been calculated with a present worth of an annuity factor of 0.11 (project life

of 50 years and an interest rate of 12%).
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- Effective | Construction | - O&M Total
~ capacity : o

x10°rm’ $ mil $ mil $ mil

10 - 1.86 0.34 2.20

20 2.18 0.40 2.58

30 2.38 0.43 2.81

40 2.56 - 0.47 3.03

Benefit-Cost Comparison of Alternative Development Cases

On the basis of the simulation r_esulis, the intake And dive'rsion 'capac_it_y of 0, 05 1,
2,3, 4 and 5 m*/s for each without and with various capacity cases of El Pefién Dam
are considered. The following illustration compares the Annual Net Present Value

(B-C).

. B-C of Ocumarito-Lagartijo diversion with 1 Penon Dam

B-C .03

0 ” g X
1.0 .
El Penon Dam .. Ocumarito-Lagartijo
Gross storzge capacyt (10*m®) 0 5, ' diversion capacity (m/s)

The foltowing table shdws the Annual Net Present Value (B-C), Benefit-Cost Ratio
- (B/C) and unit cost per cubic meters of water. The case with El Peitén Dam is the

‘case with the effective capacity of 30x10°m>, the best case among those with El
Peiidn Dam (for detail, sec Table 4.3-4).
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Diversion Ave, Annual | Ave. Annual | Annual | Asnual | B-C | B/C | Unit
Capacity Diverted Diverted Benefit | Cost | Cost
- Water . - Water - “(B). {C) .
m’/s mem/yr m’/s Smilhr | Smilyr | $miliyr $/m’
without El Pedién _ .
05 513 Q.16 1.68 131 037} 128 0255
10 7.80 025 | 255 | 181 0.74] 141 | 0232
2.0 10.20 0.32 334 233 Lo1| 1.43] 0228
30 10.56 033 345 | 280 | oss] 123 o265
4,0 10,63 - 033 3.48 304 | 044| 1.14] 0286
5.0 1063 0.33 348 | 336 0.2 103 0316
with ElPeddhof  30%10%m® ' ' .
0 0.50 0.05 049 | 281 | -232| 617] 1873
0.5 - 6.63 0.21 217 412 | -195 053] o062
1.0 10.14 0.32 332 462 | 130 072| o456
2.0 1386 0.44 4.53 514 | -061| 088 03n
30 14.67 047 480 | 561 081 0.86 | 0382
40 14.96 047 4.89 585 | -0.96] 0.84 | 639
5.0 15.10 0.48 4.94 617 | -1.23] 0.80| 0409

Note:  *1:  Unit benefit is $0.327

As shown in the above table, in the case of the effective capacity of 30x10° m® for El
Peiién Reservoir, average annual diverted water increase by 3.66x10°m® (=13.86-
:% 10.20). The benefit increase by the construction of El Peiion Dam is accordingly
US$1.19 million. The increase in the annual cost is, on the other hand, US$2.44
million and this corresponds to the unit cost of $0.768/m>. It has been concluded that
El Peiibn Dam is uneconomical.

The following illustration compares the Annual Net Present Vatue (B-C) and Benefit-

Cost Ratio (B/C) in the case without El Pefion Dam.

Ocumasito-Lagartijo Diversica
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As illustrated above, both B-C and B/C are the maximum with the diversion capacity

of 2m’s.

The diversion capacity has been accordingly determined at 2 m’/s

considering the higher value of B-C and B/C. The construction cost is estimated at
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US$19.44 million,

4.3.6

Optimization of Obﬁmarito-Tuy IH Puraping Plan

In this sub-section, the optimum scale of the pumpmg plan to Tuy Il pipe!me has
been studied. This plan is to pump up water from Ocumarito Reservoir to the
pipeline of Tuy Il System to minimize spill from the reservoir. The equwalem
amount of water is to be saved in Camatagua Reservoir, and reduce the energy
required by Pumping Station No. 31 and Mamonal booster pumping station.

- General Fealures of Structures

Structures consndered for the optimization study are pumps, a pipe connectmg the
pump to the pipeline of Tuy IIl System.

(i) - Pumping Station

A’ pumping station will be oonsmlcted near the left bank abutment of

Ocumarito Dam. Hydraulic head of the pumps is assumed at 180 m,
considering piezometric profile of the Tuy I pipeline. Cases with design
flow of 0.5, 1, 2, 3, 4 dnd 5 m’/s have been considered as alternative cases.

| (2) Connecting Pipe

" A 1.5 km-long connecting pipe has been considered. The diameter has been

determined based on the installed capacity.

Confirination of Prerequisites for the Planning

The following conditions have been considered as prerequisites for the optimization

study.

(1) Simulation Period

The simulation period has been selected for 20 years from 1959-78 for the
same reason as the Ocumarito-Lagartijo diversion plan.

(2) Supply to middle Tuy through Ocumarito Treatment Plant

An installed capacity of 1.06 m*/s has been considered to be taken daily at
Ocumarito Reservoir, the same condition as the Ocumarito-Lagartijo
diversion plan.

(3) Operation of Caicita Diversion Structure

This is to divert water from Camatagua Reservoir to Ocumarito Reservoir.
The purpose is to supply water to the Ocumarito treatment plant and/or to
Toma de Agua during dry period. Thc water supply is controlled by a gate at
the dwersxon structure.

F-38




. Supply to the Ocumarito treatment plant from the Caicita diversion structure
in the case of water deficit has been taken into consideration.

Diversion Water Volume by Puniping Capacity

The diversion water volume by the pumping capacity is the same as that calculated
for Ocumarito-Lagartijo diversion plan as follows:

G% ) Diversion . ' Average Annual
: Capacity - Diverted Water

m/s - menvyear . w'fs

0.5 600 - | 0.19

1.0 i0.5 _ 0.33

2.0 154 049

3.0 17.9 0.57

4.0 19.5 0.62

5.0 . 20.3 0.64

Cost Curve for Optimization

Cost curves for the pumping station, the connecting pipeline and operation cost have
been prepared for the optimization study.

(1) Pumping Station

Construction Cost

" 'The cost for a floating pumping station and a connecting pipeline for the use
of optimization study has been estimated as follows (for detail, see
-Table 4.3-6): ‘
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Pumping |__ Pump Pipe *2 | Civil | Total
Capacity | unit -} unit | unit | cost | dia ‘| cost | "*3 | *4

*] capacity cost _ , S
m/s - | m¥s | aio. | $fio | $mil | mim | $mil | $mil [$mil
0.5 0.50 210400 | 0.80 | 600 | 089 | 094 | 329
1.0 | 050 310400 | 1.20 | 800 | 1.13 | 1.12 | 431}
2.0 1.00 310600 | 1.80 |1,050 | 1.89 | 1.30 | 6.24
3.0 | 100 410600 | 1.80 11,200 | 2,14 |. 149 | 6.79
4.0 1.00 510600 | 3.00 1,350 § 246 |. 149 | 869
- 5.0 1.00 6 {0.600 | 3.60 11,500 ] 2.63 | 1.67 | 9.88

Note:  *1: Pumping capacity
© *2  Length of a connection pipe¢ is 1.5 km
*3: include access road, eic. o
*4: include contingency of 25%

O&M Cost

O&M cost has been estimated as power cost on the basis of Bs.8.47/kWh and
Bs.1,185/kVA as follows:

- Pumping Operation cost | Maintenance cost | Total O&M cost

capagcity _ . S ) '
m'/s $ mil $ mil $ mil
0.5 0.150 0.033 | 0.183
1.0 0.285 0.043 0328 g’;
2.0 ~_0.560 : 0.062 0.622

30 0.830 y 0.068 0.898

40 : 1.088 -0.087 E 1.175
5.0 1.354 0.099 1.453

Annualized Cost

Annualized cost has been obtained as the sum of annualized construction cost
and annua) operation and maintenance cost. Annualized construction cost has
been calculated with a present worth of an annuity factor of 0.12 (project life

of 15 years for pumps, 30 years for pipes and 50 years for civil structures, and
an interest rate of 12%).
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‘Pumping | Constriction Oo&M Total
capacﬂy 3}

m’/s . $mil $ mil $ mil

0.5 0.395 0.183 0.578
1.0 0.517 - 0.328 0.846
2.0 10.749 0.622 1.371
3.0 0.815 0.898 1.713
4.0 1.043 1.175 2.218
50 - _ 1.186 1.453 2.639

Benefit-Cost Comparison of Alternative De‘velonment Cases

'On the ba:us of the snmulatton results, the pumpmg and diversion capagcity of 1, 2, 3,
4 and 5 m*/s are considéred. The following table and figures show the Annual Net
Present Value (B-C), Bencﬁ_t -Cost Ratio (B/C) and unit cost per cubic meter of water.

Diversion Ave. Annual | Ave. Annuval | Annual Annual B-C B/C Unit
Capacity Diverted Diverted Benefit Cost ' : Cost
Water Water (B) {(C)

m’/s meayr - | - mfs $Smilyr | Smityr | Smilyr $/m’
0.5 _ 6§09 019 | 199 0518 1414 | 345 | 0.095
1.0 10.5 0.33 343 0.346 2.588 | 4.06 | 0081
2.0 154 0.49 504 - 1371 3665 | 3.67 | 0089
.30 . 17.9 0.57 585 1.713 4,141 342 | 0.096
40 198 0.62 6.38 2218 4.159 | 288 | 0.114
50 203 T 0.64 6.64 2638 | 4000 § 252. ] 0.130

The cost and benefit bj' pumping capacity are as follows:

Punping Ocumarito-Tuy 111
Cost and Benefit
4 =
o
TS - uf/
g / . -
-'"é‘- 4 — O Cost | —
.‘a.:. o : O Je=e=Beaefit] © |
g 4 P - >
§ 2 —./ /M
1 - :
!
o L. : .
o 1 2 3 s 5
Pumping capacity {mY/s)

- The followmg :llustrat;on compares the Arinual Net Present Value (B C) and Benefit-
Cost Rauo (BIC) ‘
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Pumping Ocwnarito-Tuy JH _ . Pumpirg Octmarito-Tuy Ii

Net Present Vale - Benefit cost ratio
€ : s.00
B : —za : ~Q : . / \\)\\\_
g . S ' \
E _ R
gz /! ' . h\"
2 - |
° - — 1.00
) 1 2 "3 4 s ? 1 2 2 1 5
Pumping capacity (m*/s) Pumping capacity {m/s)

The Annual Net Present Value is the highest value with the pumping capacity of
4 m*/s. While the benefit-cost ratio takes the highest value with a pumping capacity
of 1 m%s. The values of B/C are high in all case at more than 3. The values of B-C
for the pumping capacity of 3, 4 and 5 are atmost the same. ~ Accordingly, the
pumping capacity of S m’/s is recommendable. -

4.3.7 Preliminary Design

Preliminary design has been conducted for the optimum plan for each Ocumarito-
Lagartijo Diversion Plan and Ocumarito-Tuy III Pumping Plan.

Qcumarito-Lagartijo Diversior Plan

The layout of the Ocumarito-Lagartijo Diversion Plan is shown in Fig 4.3-13. Te
select the best route for the pipeline the following factors were analyzed: 1) hindrance
to existing residents and structures, 2) constructability, 3) the grade of the route, and
4) length of route. The route selected for the pre-feasibility study is the one that best
meets the above factors.

The pipeline will primarily be on the surface. A problem with the proposed site is
that the area is heavily populated and where there are not urban areas there are either
mountains or farmland. Therefore all possible routes have negative points. The route
selected is clearly the one with the least.

The first 1 km section of the route from the Ocumarito Reservoir intake is along steep
terrain and construction of the pipeline is expected to be the most difficult.
Realistically there is no choice but to roughly follow the Ocumarito River along this
section.

‘From the 1 km point to the first crossing of the Tuy River the terrain is flat open
farmland and there are no major obstacles. From the first Tuy crossing to the second
Tuy crossing the route follows the road to Hacienda Hazon. There is space to the
north of the road and the terrain is relatively flat. However, . work: is made difficult as
several roads must be crossed, in particular the Ocumare del Tuy - Charallave road. _
The pipeline should be installed underground from the Ocumare del Tuy - Charallave -
road for about 500 meters.
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From the second crossing to the Lagartijo Reservoir the routec runs north along the
base of the mountainous terrain. This section is also flat and there are no major

. obstacles. The pipeline discharges adjacent to the southem dam of the Lagartijo

Reservoir.

~ The only possible alternative to the chosen route is a route to the south of Ocumare
- del Tuy. This route is very windy and has abrupt changes in grade, severe space
1estrictions, and is at least 20 % longer. It was therefore not considered.

The intake was proposed on the right bank of Ocumarito Dam (se¢ Fig. 4.3-13). The
tunne! route was aligned maintaining the minimum distance of 3¢ m from the dam
body, considering the effect of blasting.” Intake structures have been designed to 1ake
water of 2.0 m*/s at a water level of EL 245.50 m.

Steel pipe was selected as the type of pipe. Hidmcapital’s Tuy 1, 11, Ill, and 1V (under

- construction) transmission systems pipelines are all steel pipelines. Steel pipe is

readily available in Venczuela and the technology and equipment exist to install and
maintain steel pipeline. General structural drawing is presented in Fig. 4.3-13

A coefficient of roughness of Cyw = 100 was assumed and this was the basis for size
selection. The available head is dependent on the levels of the two reservoirs, it was
assumed that the sminimum head differerice is 25 meters. Thus the pipe diameter of
1,350 mm has been selected for the diversion capacity of 2.0 m’/s.

- Qcumarito-Tuy III Pumping Plan

See Fig. 4.3:14 for layout plan of Ocumarito-Tuy NI Pumping Plan.- The preliniinary
design was undertaken as follows:

(1}  Site Selection

The site selected for the pumping station was chosen for the following

~ reasons: an exisling road runs by the proposed site so the site is accessible
from a construction and operation point of view, the pumping station is
situated in a pait of the reservoir not likely to be significanily affected by
sediment or submerged debris, and near a point of sufficient ¢levation for the
installation of a surge shaft.

The banks on both sides of the Ocumarito Reservoir are steep. The selected
site is in an area that is less steep relative to other parts of the bank, however,
the grade of the selectéd site is approximately 30° from the horizontal.

(2) Pumping Station

The pumping station, shown in Fig. 4.3-14, is proposed to be founded on the
rock base. Vertical pumps pump the water to the Tuy HI pipeline
approximately 2 km from the pumping station. Debris and fish are to be kept
out by use of a manually cleaned trash rack.



.- Pipeline
'Hldrocapltal has vast expenence with conductlon of water in sleel p:pelme

and the technology and equnpment are readily available in Venezuela to
operaté and maintain it so steel pipe was selected. '

_ The most direct and easily constructable route was selected Also the location
of the route was influenced by the avallablhty of places a surge shaft could be
constructed. Because of the high pressure in the pipeline a surge mitigation {“#
device is necessary (the estimated pressure head at the pumps is over 200
meters). The surge shaft was chosen as it is easy to maintain and because itis
the method used on other parts of the 'hay systems.

Construct:on :

Basncally the constriction is dlv:ded into two, the pumpmg station and the
conduction pipeline (see Fig. 4 3-14). ‘

The construction of the pumpmg station will roughly follow the followmg
pfocedure;

(a) Construct access road from existing road and level site.

(b) Excavation for pumping station. ‘The excavation is 1o be below the
maximum water level so during this stage the level of the reservoir
will be maintained at a level low enough to allow woiks to be é;
undertaken. To lessen the burden on residents reliant on the water "

of the Ocumarito Reservoir it is essential that these works be
completed as soon as possible.

{c) Construction of the structure of the pumping station will be cast in
place reinforced concrete. A more detailed ‘investigation of the
site’s geology is necessary to determine the depth and form of the
foundations.

(d) Installation of vertical pumps and instrumentation.

Construction of the conduction pipeline' is expected to be carried out as
follows: _

(a) ' Clearing and construction of 'widrk road.
(b) Installation of pipeline. . 58
(¢) Connection to Tuy I pipéline_.

4.3.8 Cost Estimate

Project costs are estimated
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Ocumarito-Lagartijo Diversion Plan

Constriction cost has been estimated as follows;

_ Item : - Cost (USS million)
Construction (incl. prepa:atory works) - .
Intake . 0.39
River ¢rossing 4 site ' - 0.30
‘Tunneling : 3 0.17
_Pipeline 1,350 mm x 16 5{)0 m_ . _ 11.37
Pipeline installation - - ' : : 1.29
(Sub-total) ' ' 13.52
Engineering and administration (15%) 2.03
Physical contingency (25%) _ ' 3.89
‘Total 19.44

Qcumarito-Tuy (11 Pumping Plan

Construction cost has been estimated as follows:

Item Cost (USS million)

Construction (incl. preparatory works) )
Transmission Pipeling §,500 mm x 3,000 i - 2.29
Pumip 1.0 m’/s x 200 m x 6 upit o 3.12
" Excavalion and removal 0.69
Concrete 0.61
.Reinforcing bar . . 0.15
: G (Sub-total) . -~ 6.86
En;meenng and administration ( 15%) _ 1.03
Physical contingency (25%) 1.98
Total 9.87

4.4  Guare Dam Plan
4.4.1 General

',_.The Guare River is a nght bank tributary of the Tuy River with a catchment area of
185 km® It flows into the Tuy River at T4cata. The Guare Dam plan is to develop
water resources by the construction of a dam on the Guare River.

A prehmma:y study (hereinafter called as the INOS Study) was conducted by INOS,

' and the report “Estudio Preliminares para un Embalse en el Rio T4cata, 1962, INOS”
has been: pxepared This pre—feasnb;llty study has been conducted by a group of
specialists consisting of a water resources development planner, a dam planner and a
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geologist through field investigation and review of the existing data and information
as well as referring to the results of the INOS Study.

4.4.2 Topographical Condition

The proposed site of the Guare Dam is located on the Guare River 1.5 km upstream
of the confluence with the Tuy River (se¢ Fig. 4.4-1). The catchnient ar¢a at the
proposed damsite is 183 km? occupying almost all 185 km’ of the Guare River basin.
The proposed damsite is located in a narrow gorge and (he upstreathi s:de prowdes a
favorable topog:aphy, a wider valley, to create a reservoir.

Downstream of the proposed damsite, the width of the valley becoines much larger'

~and there are no altemnative dainsites in this stretch. ~Also upsiream, the valley is
wider. Another possible alternative site is at a 4 km' upstream point from the
proposed damsite. This point is however in the upper side of the confluence of the
-Mesia River, a left bank tributary of the Guare River with a catchment. area of
90 km?. Accordingly, this site has a smaller catchment of 92 kin® ‘and the reservoir

efficiency is also low. It has been finally concluded that the proposed site is the best

site for the construction of a dam on the Guare River. (Refer to Fig: 4.4-2)

The topography of the damsite is characterized by 4 thin ridge projects front along the
left bank from downstream to upstream. The width of ridge at the crown of the
proposed dam is approxnmately 45m. The elevation of the ridge top near the
proposed dam axis is approximately EL 360 m. _

The right bank of the damsite is a massive ridge that extends from the upstieam to the
downstream. The elevation at the top of this ridge near the pr0posed dam axis is
approximately EL 385 m.

The width of the river itself at the proposed damsite is approximately 15 m. There is,
however, a 50 m-wide flat plain on the right bank. The slopcs of both left and right
banks are steep at approxumalely 40°,

‘Topography of the reservoir area is presented in Fig. 4. 4-2 Landshde topography has
been identified on the map at eight Jocations. The scales are 30%40 m to 50x70 m,
and there are no large ones. Accordingly, there is no problem if proper measures are
taken.

4.4.3 Geological Condition

The upper and middle basins of the Tuy River are geologically in the northern zone of
Venezuela (coastal mountains). This area consists of mountains extending in an east-
west direction along the. Caribbean Sea coast with elevatlons of approxlmately
2,500 m. Mainly Mesozo;c strata exists in the area.

The Mesozoic strata consists of metamoiphosed accumulated rocks and volcanic
rocks; and small masses of intiuded rocks, e.g. serpentmc and diorite, occur at places.
Regional geological structure is characterized by a series of faults maialy of east-west
to northwest-southeast orientation (see Fig. 4. 4-3 and 4 4-4).




Mesozoic Cretaceous metamorphic rocks are widely distributed in the area of the
proposed damsite. Calcareous phyllite dominates, schists, red phyllite and seipentine
are also found. Phyllite is generally hard, but is fragile in the schistosity phase. The
schistosity is much developed in red phyllite and serpentine. Covering layers are
talus and temrace deposits. Talus deposits are distributed locally and terrace deposits
 are distributed widely along the Guare River forming plains. (See Fig. 4.4-5)

Many wrench faults occurred in the Cenozoic. Técata Fault is an obvious one in this
area. The Tuy River in the 7 km stretch after the conflueace with the Guare River
flows along T4cata fault. A najor fault in the proposed damsite area is a branch fault
- of the Técata fault, see Fig. 4.4-5, with the northwest-southeast direction and dipping
south (NG8°W, 80°S). It is not a large fault with a 20 cm-thick clayey layer and a 2
m-thick fragmented zone. It is not clear that this fault is active or not.

A geological cross section of the proposed damsite is presented in Fig. 4.4-6.
Judging from outerops near the damsite, it seems that fresh rocks exist in relatively
shallow places. A highly weathered layer exists 2-5 m thick. The bedrock itself
appears to be hard with a compression strength of around 1,000 kgffom®. However,
attention should be paid to the schistosity in relation to the bearing capacity in the
latter stages.

There are not ¢nough data regarding permeability. Judging from the cose recovery
rate and the distribution of cracks, there is a possibility that highly permeable layers
extend relatively deep.

In accordance with a literature, earthquakes with magnitudes of 5.5-7.2 have occurred
six times in the last 450 years within 60 km of Caracas. The proposed damsite is
focated at 30 km from Caracas. Thercfore, seismicity -should be taken into
consideration in the design.

4.4.4 Land Use in the Reservoir Area

The results of a survcy. by INOS have been reviewed based on aerial photographs and
field investigation. The breakdown of the land use is as follows:

. _ Land Use Area (ha) .
| Non-used mountains and hills 120
Cultivated fand o 100
Total 220

4.4.5 Hydrological Data

The discharge measurement of the Guare River has been conducted at Rio Arriba
(catchment area of 92 km?) since 1978. However, the data contain many gaps, and
- full data exists for only four non-continuous years of 1978, 1889, 1991 and 1992.

Continuous data of river flow for approximately ten years are necessary for
simulation. In this study, the river flow is estimated based on the observed values of
the Ocumarito River at El Desecho that is located nearby and the condition is similar.
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The dlscharge height of the Guare Riveér at Rio-Arriba and the Ocumarito River at El
Desecho is compared as follows, and the use of the data of the Ocuinarito River is
considered appropnate

Ri\?er and station Catchmient arca Dataperiod = | . Average
o | runoff depth
Guare at Rio Arriba 92 km® 1978,89,91,92 | - 448 mm
{ Ocumarito at El Desecho 123km”* -~ | 1960-67 401 mm

: 4 4.6 Related Development Plans

In the Guare River basin, there is a plan fo develop nickél riining in the west end of
the basin. It is called “Project of Loma de Hierro, Miranda and Aragua States”.

The estimated reserves are 40 millioti tons, and explontailon wnll take place in five
-stages totaling 31 years.

“The plan is at the stage of environimental impact assessment with the Tuy River Basin
‘Agency as the evaluator. In the presént study, it has’ been considered that all
wastewater and wastes would be treated properly and no negative effects are
anticipated from the mining plan.

4.47 Determination of Dam Axis

The dam axis has been determined at 30 m downstream from the on¢ proposed in the
INOS Study. The reasons are as follows:

e A branch fault of T4cata favlt runs along the foriier dam axis, and 1t should
be avoided

¢ [t is more economical to place the dam axis on the downsiream side since
water stoppage works for the narrow left bank ridge are reduced. Although
the necessary space for the construction of a prtlway shou!d be maintained on
the ridge.

¢ The elevation of the right bank ridge becomes fow when the dam axis is on
the downstream side, the shift of the ax‘in of 30 m creates no problem

The sketch of the topography and geologlcal condttlon at the proposed dam site is
presented as foilows
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4.48 Confirmation of H-A-V Curve

The curve for the relation of Height-Arca-Volume for the proposed resérvoir has been
developed based on the 1/5,000 maps. The developed curve was compared to the one
\% prepared in the INOS Study and there was a difference of £1.5%.

The curve is presented in Fig.4.4-7.
4.4.9 Determination of Dam'Type

- A center core rockfill type dam has been proposed in the INOS Study. 'hiis study
also selected the same type of the dam for the following reasons:

e The construction costs for the case of a rockfill type dam and a concrete
gravity dam have been compared as follows and the rockfill dam is more
economical being about a half the cost of the concrete gravity dam:

. Item Cost Calculation
Rockfill dam L _ . ‘
‘Dam body . $24x10° | 1.2x10°m*x$20/m’
Spillway $8x10° | 30,000m°x$250/m’
Total $ 32x10° .
Concrete gravity dam - :
" Dam body/spillway $63x10° | 250,000m>x$250/m’

¢ The clayey material for the center core is considered to be available in the
vicinity of the datnsite, although only thin layers have been found inside the
reservoir area.



e The drilling investigation made in the INOS Study did not identify a quarry

site for rock material (size of rock of 0.5-1.0m) and concrete aggregate.
Although farther investigation is neéded especially of sandstorie and shale
areas, not for metamorphic rocks, rock and aggregate ate considered to be
ava;lable in the vicinity.

4.4.10 Stu’dy on Water Di'version Method

The flow régulated by the reservoir will be used for domcshc water supply This
study examities two meéans of water diversion and intake:

(1) Regulated ﬂow is released into the Guare River just downstream of the -

- dam and taken at Toma de Agua
(2) Water is diverted to Caujarito treatment plant of the Tuy I 'system

For the first option, the water is to be used in Tuy I and II systéms where the water
transrnission and treatment is at currently capacity. On the other hand, Canjarito
treaiment plant has sufficient capacity. Accordingly in this study, the second option
has been selected.

In the second option, the discharge from the Guare River downstream of Guare Dam
decreases. This means that the water quality of the Tuy River downstream from the
confluence with the Guare River is worsened. Accordiagly, for this option, penodlc
releases of water is also considered.

4.4.11 Optimization of Developnient Scale

The optimum dam height has been determined considexing'topographica'l conditions,
economic advantage, etc. as follows: _

Possible Maximum Dam Height

The maximum crest elevation is approximately EL 355 m in accordance with the
topography of the left bank ridge. A higher dam is technically possible, but it
requires a higher cost in view of the topography of the arca.  The crest elevation of
EL 355 m coresponds to a dam height of 70 m since the riverbed elevation is
"EL 285 m.

The possible maximum normal water level is thus determined at EL 351 m
subtracting a freeboard of 4 m from the possible crest elevation of EL 355m. The
possible maximium gross storage capacity of the reservoir is 60)«106 m’ according to
the H-A-V curve.

Sedimentation Capacity

Sedimentation capacity is determined at 6. 6><105m on the basns of the following
calculation:
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Item ' ~ Value
Specific scdiment discharge of the Guare River | 360 m’/km’/year
Catchment area at the proposed damsite | 183 km?®
Design sedimentation capacity for 100-year 360x183x100=6.6x10°m’*

The volunie of sediment discharge has been calculated considering the vegetation
condition, geological condition, slope of the topography and verified by the observed
value in Lagartijo Reservoir on the Lagartijo River, a right bank tributary of the Tuy
River.  The details of the estimation of the sediment production are described in the
section titled “Estimation of Suspended Solid” in the Master Plan of this study.

'Possib!é Development Water By Reservoir Scale

Annual averége flow to be developed has been calculated by simulation of reservoir
operation. Conditions of the calculations:

 The regulated flow is 95% assured water. This means the flow available for
95% of simulation period.

o Rainfall and evaporation from the reservoir are taken into account.

° A river maintenance flow of 0.38 m¥s is used. The amount of the
maintenance flow is obtained based on 0.21m’/s/100km’, the average flow
during the driest month for the period 1960-67. In the following table,

simulated values with and without the river maintenance flow are presented as
a reference:

A result of reservoir operation simulation for the case of gross storage capacity of
40x10° m* is presented in Fig. 4.4-8. Calculation sheets are presented in Table 4.4-1.

* The simulated values:

Max. reservoir capacity (x10°m’) | 20 25 30 35 46 | 50 | 60
With maintenance flow release
Intake capacity (m*/s) - | L12] 135 1sst o171 185 193] 199
Annual ave, intake (10°m”) 33.6| 404 | 467 51.4| 554 s579] 598
Annual ave. intake (m’/s) 1.071 1.28] 148 163] 1.76] 1.84| 190
~ Annual ave. spitl (10°m’) 260 200 145] 103] 67] 46| 29
Efficiency (%) *1 46| ssl 64| 70| 16| 79| 82
Without maintenance flow release -
Intake capacity (m’/s) - 1.56 1 1.80| 201 | 217 228 234 240
Annual ave. intake (10°m*) 468 54.0] 604 652 684 702 721
Annual ave. intake (m’/s) 148 ] 171 ) 1921 207 217 2231 220
Annual ave. spill (10°m’) 2511 1871 13.0| 88f 60| 44| 27
_Efficiency (%) *1 641 71 8| 89| s0i 96| 98

Note: * *1: Efficiency is the ratio of annual average flow to the inflow to the reservoir

Cost Curve

The cost for the construction and maintenance of the dam and diversion and intake
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facilities have been considered.

(1) Guare Dam and Appurtenant Structures -

Constriction Cost

The construction cost of Guare Dam dnd apputtenant structures for the
putpose of optimization study has been estimated as follows: . .

.Gros.s Embankxﬁ;entl : Other - Total

- capacity “Cost cost*l - cost *2
x10°m®> | Smil - $ niil S miil
20 157 41 | 247

25 185 41 | 282
30 204 4.1 | 305
15 227 41 33.5

40 248 4.1 362

50 40.7 52 45.9

60 61.7 58 67.5

Note: *1: include intake and spillway cost
*2:  include 25% contingency
O&M Cost

Operation and maintenance cost is assumed at 2% of the consiriiction cost. @

Annualized Cost

Anaualized cost has been obtained as the sum of annualized construction cost
and annual operation and maintenance cost. Annualized constniction cost has
been catculated with a present worth of an annuity factor of 0.11 {project life
of 50 years and an interest rate of 12%).

Gross Construction O&M N Total

capacity - _ , »
x310°m’ $mil $mil S mil
20 272 049 | 321
25 3.10 0.56. 3.66
30 336 . 061 3.97
35 - 369 . 067 | 436 - é‘;
40 3,98 0.72 4.70 -
50 - 505 0.92 597 |
60 743 1.35 $.78
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(2) Diversion Cost to Caujarito Treatment Plant

Construction Cost

oplimization study has been estimated as follows:

The cost of the pumping station and a diversion pipeline for the use of

Intake

“Pipeline *1

Cpcty. Pump Others | Total
*] - | dia Steel - | Install. | Cost *2 *3 *4
1°m’ | m¥s JSmil | mm | $/m | $/m | Smil | Smil | $mil
- 20 11121097 |:1,240 | 692 90 | 274 032 | 359

25 | 135 [1.11 | 1,310 716 90 | 282 0.32 37.0
30| 1.55]1.23 | 1,370 736 90 | 289 0.32 38.1
35 | L7133 | 1410 752 95 | 296 0.32 39.1
40 | 1.85 |1.41 | 1,460 | 767 95 | 302 032 | 399
SO ) 193 |1.46 | 1,480 775 95 | 305 0.32 404
60 | 1.99 11.49 i 1,500 782 95 | 307 0.32 40.6
Note:  *i: Gross storage capacity
*2 . Pipeline length is 35 km
*3: Others includes direct cost for river crossing, considered
constant
*4: Includes 25% contingency
0&M Cost

O&M cost has been estimated as power cost on the basis of Bs.8.47/kWh and
Bs.1,185/kVA as follows:

Copcty. Intake | Operation Maintenance Total
¥] cost - COSt Q&M cost
10°m’ m/s $ mil $ mil $ mil
20 1.12 0.188 - 0.036 0.224
25 1.35 0.257 0.037 0.294
30 1.55 0.317 0.038 0.355
35 1.71 0.365 0.039 0.404
40 1.85 0,407 0.040 0.447
50 1.93 0431 . 0.040 0.471
60 1.99 0.449 0.041 0.490

- Nofe: *1:  Effective storage capacity

~ Annualized Cost

Annualized cost has been obtained as the sum of annualized construction cost

and annual operation and maintenance cost. Annualized construction cost has
been calculated with a present worth of an annuity factor of 0.12 (project life
of 15 years for pumps, 30 years for pipes and 50 years for civil structures and

 an interest rate of 12%).
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| Cpcety. | Construction o&M . _Total
10°m’ $ i $mil *$ mil
20 431 022 4.53
25 444 | 0.29 4.73
30 4.57 0.36 4.93
35 . 4.69 040 . 5.09
40 479 045 524
50 4.85 0.47 532
60 487 049 536

Note.: TP Gross storage éapacity
(3} Total Annivalized Cost

The total annualized cost of the dam and the diversion to: Caujarito is
accordingly as follows: :

Gross Pam - Diversion

capacity of | Construction O&M - [Construction O&M Total
Guare Dariy : :
x10°m’ $ mil $ mil $mil $ mil $ il
20 2.72 049 - 4.31 0.22 7.74
25 3.10 0.56 444 0.29 839
30 3.36 0.61 4.57 0.36 - 8.90 s
35 3.69 0.67 4.69 040 9.45 : é. 5
40 3.98 072 ] 479 ] - 045 9.94
50 505 | 092 4.85 0.47 11.29
60 7.43 1.35 4.87 0.49 14.14

Benelit-Cost Comparison of Alternative Development Cases

The following table and illustrations show the Annual Net Present Value (B-C),
Benefit-Cost Ratio (B/C) and unit cost per cubic meters of water.

Effective | Dam _Ave, Annual Annual }. Annual . B-C | B/C - Unit
storage | height Diverted Water Benefit | Cost ; Cost

capacity _ B) |.©

x10°m’ m- | x10°m%yr | m¥%s | Smilyr | Smilhyr | Smilhr $/m’
20 49 336 1.07 1.0 774 | 326. 1 142 | 0230
25 52 40.4 128 | 1327 | 839 | 48 | 158 | 0208
30 56 467 1.48 15.3 3.90 636 1 172 | 0291
35 59 514 1.63 168 945 | 736 | 173 | 0.184
40 61 55.4 176 | 181 | 994 | 819 | 182 | o7

50 | 6 | 519 | 184 189 | 1029 | 765 | 168 | 0.195
60 70 59.8 190 |- 196 | 1414|542 1 138 | 0236

Note:  *1:  Unit benefitis $0.327/m°
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The following illustration compares the Annual Net Present Value (B-C) and Benefit-

Cost Ratio (B/C).
- Guare Dam Guare Dam
10 — 2.0
L — 1.8 §—df
: TN VAR
A 1.6
2 A © .
"g <7}
@ I B - Yy
g q [
&, - 1.2
5 1o
o 10 20 30 40 $o &0 10 © 10 ‘20 3¢ 40 S0 §0 10

Effective storage capacity (10°m’)

Effective storage capacity (10°m®)

As illustrated above, both B-C and B/C are the maximum with the gross storage
capacity of 40 x10%w>. The gross storage capacity has been accordingly determined
at 40 m’/s considering the higher value of B-C and B/C. :

4.4.12 Preliminary Design

Principal Features for Design

Principal features for design of Guare dam are the following:

Value

Item
Nommal Water Level EL 346.0 m
Low Water Level EL3220m
Riverbed Elevation EL2850m

Main Dam

Preliminary design for the main dam has been conducted and the major features have
been determined. - Plan and standard section of the dam are presented in Fig. 4.4-9

and 4.4-10, respectively.

At 30 downstream from the axis proposed by INOS as determined in Section

(1} Dam Axis
44.7.
(2) Dam Type

Rockfill type has been selected as discussed in Section 4.4.9.



(3) Crest Elevation

As a result of flood routing, Surcharge Water Level has been detennined at
EL 350.0m, 4 m above the Normat High Water Level of EL 346.0m. The
crest elevation has been determined at EL 352.0 m adding a 2-m freeboard to
the Surcharge Water Level.

“) Typical Cross Section

Principal dimensions have been determined as folfows:

o Crest elevation : EL 352 m

. Crest width : 10m

e Upstreamn slope o 1:2.5

» Downstreamslope : 1:2.25
Spithway

Preliminary design for the spillway has been conducted and the major features have
been determined as follows: Plan and standard section of the dam are presented in
Fig. 4.4-9 and 4.4-10, respectively.

+ Design discharge . 600 m’fs
s Type ~r Tunnel spillway o
e Surcharge WaterLevel : TEL345m |
e Surcharge capacity © o 7.9x10%° m?
e Qverflow depth : 4m
» * Tunnel dimension . 8 m-diameter
Intake

Major features of the intake have been determined as follows:

o Domestic water . Intake tower, 3-span $500 steel shiice

¢ Maintenance flow . Inclined sluice of 3-spah 150 stee] sluice
Capacity:  0.09 m*/s

Foundation Treatment

- The following foundation treatment has been proposed.

e Dam foundation :  Curtain grouting; 2 m pi-tch' zigzag
e Left bank ridge :  Curiain grouting -
o Right bank abutment  :  Rim grouting
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‘| Construction of dam 21.61
Construction of spiliway and intake 3.57
Pumping station and diversion pipe 27.76

(Sub-total) . 52.94
Enigineering and administration (15%) _ 7.94
Physical contingency (235%) 15.22
Total . - 76.10

“Temporary Diveysion Works

The following tempofalry diversion works has been proposed.
o Design flow 350 mfs

¢~ Tunnel : Standard horseshoe type
(i=1/50, 6 m-diameter

Slope Protection for Left Bank Ridge

Slope protection works have been proposed from the dam axis to inlet of the spiliway.

- Anchored shotcrete has been applied.

4.4.13 Cost Estimate

Construction cost has been estimated as follows (for detail, see Table 4.4-2).

Item = ’ ' - Cost (USS million)

4.5 Conclusion and Recomm'endation

4.5.1 Summary of the Study Results

- Utilization plans for the Ocumarito River and Guare Dam have been studied and
- optimum scales for each plan have been determined in the previous sections of this
- chapter. '

The following tables compare the efficiency of the plans by development scale,
Annual Net Present Value (B-C), Benefit-Cost Ratio (B/C), and unit cost per cubic
meter of water.

Utilization plan for Ocumarito River:
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Diversion Ave. Annual | Ave. Annval | Annual |- Annual-| B-C | B/C | Unit
- Capacity Diverted Diverted ' | Benefit | Cost Cost
a Water Water - |- {B) €. -y .
m*/s menvyT m’/s Smityr | Smiliyr | Smilyr $im’
without El Pedién .
0.5 5.13 0.16 - 1.68 1.31 0.37] 128 0255
1.0 - 7.80 025 255 1.81 0.74] 141 | 0232
2.0 1020 0.32 334 | 233 101| 143 | 0228
3.0 10.56 033 345 | 230 065 123 | 0265
4.0 10.63 0.33 - 348 | 304 | 0a4] 114] 0286
50 1063 0.33 348 336 | . 012|103 0316
with El Pefién of ~ 30x10° m’ ' i . L
o 0.50 0.05 0.49 281 | -232] 0171 1873
0.5 6.63 021 | 217} 412 <1.95] 0531 0621
1.0 10.14 0.32 3.32 4.62 -1.30| 072 0456
20 13.86 - 044 453 5.4 -061] 0881 0371
30 1467 © 047 4.80 5.61 -0.81] 086} 0.382
40 14.96 047 489 | 5.85 -0.96] 0.841 0391
5.0 15.10 048 494 | 617 | -123] 080} 0409
Note:  *1: Unit benefit is $0.327 7
Pumping to Tuy LI pipeline plan:
Diversion | Ave, Anmal | Ave. Amnual | Aneoal | Avmal | BC T BIC T Unit
Capacity Diverted Diverted Benefit Cost Cost
Water Water {B) (C)
m’/s mem/yr m’fs Smillyr | Smilyr | Smiliyr $fm’
0.5 6.09 019 . | 199 0578 | 1414 | 345 | 0.095
Y 10.5 0.33 343 0846 | 2588 | 4.06 | 0,081
2.0 15.4 .49 5.04 1371 | 3665 | 367 | 0089
3.0 17.9 0.57 5.85 1713|4141 | 342 | 0.096
40 19.5 0.62 638 | 2218 | 4159 288 | o114 |
5.0 203 0.64 6.64 2638 | 4000 | 252°| 0.130
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Guar¢ Dam plan:

Effective | Dam Ave. Annval | Anmual | Answal | BC | B/C | Unit

Storage | beight | Diverted Water | Benefit | - Cost 1 Cost

capeity | | ® | (©

- x10°m® m ¥10%m’yr [ m¥s | Smilyr | $milsyr Smllfw $/m’
20 49 336 1.07 1Mo | 774 | 326 | 142 | 0230
25 52 40.4 1.28 132 | 839 | 483 | 158 | 0208
30 | s6 | 467 | vas | 153 | 890 | 636 | 172 | oo |
35 | 59 | s14 | 163 | 168 | 945 | 736 | 178 | ois4
40 61 | 554 .76 | 181 294 | 819 | 182 | 0179
50 | 66 | 579 | 184 | 189 | 1129 | 765 ] 'L68 0.195 -
60 ] 700 ] se8 ) 190 |96 | waaa | sa2 | 138 | 0236

Note: *t: Uit benefitis S»O;'32'Hm3
4.5.2 Conclusion and Recommendation

Utilization Plan of the Ocumarito River

In the case of the Ocumarito-Lagartijo diversion plan without El Peiibn Dam, the
optimum development scale is a capacily of 2 m%s. In this case, an amount of
10.20x10° m® (an annual average of 0.32 m%s) of water will be developed with the
unit construction cost of U$$0.228/m’.

If the construction of El Pefién Dam is considered, an additional 3.66x10° m® (in an
average of 0.12 m%s) is obtained with the annual construction cost of US$2.81
million. This means that the construction of El Peiién Dam is US$0.768/m’.

On the other hand, the unit constructlon cost of the pumping plan to Tuy Il plpelmc
is relatwely low at US$0.130/m’. In this case, the annual developed water is
20.3x10° m® (an annual average of 0.64 m’/s).

In concluswn for the use of the Ocumarito River, the pumping plan with a capacity
of 5 m%s is recommended.

However, it should be noted that in the case of Ocumarito-Lagartijo diversion, it
could be used as an emergency route. Namely, it could be used if the Tuy H pipeline
had a problem, water from Camatagua could be sent through this diversion. In the
case of pumping plan to Tuy Il pipeline, this emergency function could not be
obtained.

It is recommended that the following hydrological observation is conducted for the
detailed study in the future:

* Daily record of inflow and release at Ocumarito Dam

¢ Daily record of water released at Caicita
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Guare Dam Plan

The optimum scale of the proposed Guare Dam has been determined at 40x10%m® of
gross slora;e capacity with a dam height of 67 m. The annual developed water is
55.4x10°m’ (equivalent to an average flow of 1.76 m*s). If maintenance flow is not
‘taken into consideration, 68.4x10%m® (equivalent to an average flow of 2.17 m’/s) is
available, but it has been considered to prevent the deterioration of water quality of

the Tuy River.

The unit construction is ‘estimated at US$0.179/m>. This is competitive to
US$0.262/m’ of the presently ongoing Taguaza-Taguacita interconnection.

It is recommended to condiict a study to examine the feasibility in more detailed
sense. The study should include the possible option of water diversion from the
proposed dam. The following hydrological observations should be initiated.

¢ Daily record of water level at the proposed Guare damsite

¢ Periodicat discharge measurement to develop a H-Q curve
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