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F. ALTERNATIVE PLANS

F.1 INTRODUCTION

F.1.1 Gencral

The mainstream of the Yuna river flows down rapidly until it joins
with the Blanco river. A head of approximately 400 m is available in the
section between the confluence with Arroyo Blanco and the confluence with
the Blanco river:. To harness water available in the upper Yuna river basis,
various alternative development plans are conceivable.

Basically, water in the Yuna mainstream is harnessed in two steps,
taking into account the topographic and physiographic conditions of the
mainstream and its tributaries. In the upper reach, dam and reservoir sites,
as well as alternative weir sites, are foard near El Torito. In the mid-
dle reach, alternative dam or weir sites are found near Ios Veganos. The
schare to be developed in the upper reach is called Bl Torito schave, and
the scheme in the middle reach is called Ios Veganos scheme.

In addition to the comparative study on alternative sites for dam or
weir construction, study is to be made on water diversion fram the nearby
tributaries in view of the fact that water available in the mainstream at
each intake site is rather limited. Such a water diversion has also an
effect on the aligmment of the headrace tunnel.

The result of preliminary study on the selection of alternative plans
was reported in the Working Papers and discussed by CDE and JICA team in
July-Anqust 1982, The preliminary study was made by uniformly oampar i
the conceived alternatives to screen some alternatives worthy of further
detailed studies. -Such alternatives conceivad in the preliminary study are
introduced herein, but focuses of discussion are placed on major issues se-
lectively in this Minex.



F.1.2 Water Use

In evaluating the alternative plans, operation of reservoir for dam-
type pover generation or storage for welir-type power genération is made in
acocordance with the operation rules as explained hereurder.

1) Dam-type Reservoir Operation:

follows:

a)

b)

<)

d)

Reservoir operation is studied in accordance with the basic rules as

‘On the basm of dally mean dlscharge estimated at éach site, re-

lation between thé available discharge and requn:ed storage ca—

pacity 1s analyzed by means of mass onve method {refer to Fig.
F—Oll

Desmn effective storage of each xesexvos_r is calmlated and the

fu:m discharge in the second worst dxought year (1977) is calcu-
lated.

The rated water level is defined to be a mean of thé full
supply level (ESL) and the mmmm q:eratlon level {MOL). ‘The

tail water level is assuned at a constant level, th:ugh it fluc—
tuates actually.

Resexvoir operation is sbﬂieﬁ in the fdllming 3 casés:
{Pefer to Fig. F-02)

Case-1: 1In case that a reservoir water level is inbetween the
high water level (4L} and low water level (LHL), intake
for power generation is the firm dlscha_xqe. POwer plant
is operated for the peak hours to be definod (Say 6 hours
a day).

Case-2a: In case that a reservoir water level is as WWL, intake
for power generation is the inflow discharge. (Inflow)
- {firm discharge) is used to generate secondary energy.



Case-2bi In case that a rescrvoir water level is at HWL, as in
the Case-2a, intake rate is the plant peak discharge
‘for 24 howrs® operation.

‘Case-3: 1In case that a reservoir water level is at IWL, {(to

occur in the worst drought year), intake rate is the
inflow discharge and rated generating capacity is not
cbtainable,

The program for dam-type réservoir operation is illustrated on Fig.
03 for reference.

2) Weir-type Storage QOperation:

The étorage to be created by construction of weir is operated in ac-
cordance with the basic rules as follows:

a)

b}

c)

d)

The fim discharge is caloulated at 90% dependable discharge.

Intake for power generation is, in principle, the daily inflow
and the storage water level is daily maintained at the full sup-
ply level (FSL). The water level daily fluctuates inbetween the
full supply level (FSE) and minimum operation level (MOL}.

The ratad water level is defined to be a mean of FSL and
MDI.. ‘The tall water level is assumed at a constant level.

Operation of storage is made in the following 3 casest
(refer to Fig. P-04)

Case-1: When daily inflow is over the plant peak discharge, pow-
er plant is operated at full scale, maintaining the full
supply level (FSL). Excess water is released fraw spill-
way.

Case-2: When the infloy is less than the intake discharge, pow-
er plant is operated to the maximum extent within the



daily requlatirg capacity of the storage.

Case-3: when the inflow is much lowered in the drought, the
power plant is operated at a Yower 'capacii:y, guarantee—
ing the operation for the peak héurs to be defined (say
6 hours a day). ’

The program for weir-type storagé operation is illustratod on Fig. F-05.



P.2 EI, TORITO SCHEME

P.2.1 Concéivéd Aiterﬁatives

In the pre—feasmihty study conducted by CDB-—ENEL, oonstructlon of
a dam on the Yuna mainstream at a site about 500 " upstream of the conflu-
ence with Arroyo Blanco was proposed (T-1 site). Under the ENEL plan, T-1
dam and reservoir is fod also by water diverted fram Arroyo Blanco through
a tunnel or canal. ' '

An alternative plan is conceived to construct anothér dam on Arroyo
Blanco at a site about 400 m upstream of the confluence with the Yuna main-
strean (-2 site) and cambine T-1 and T-2 reservoir by excavating an open
cnannel across the col dividing the two rivér basins., The scale of reser-

voir and’ dans, larqer or smaller, depends on in dépth technical and economic
studies.

' Construction of a large dam on thé Yuna river in a section down-
stream fran the confluence with Arroyo Blanoco was precluded fram the alter-
‘native plans; principally due to unfavorable geolégic conditions affected
by the fault running along the Yuna river in this section. {(Refer to Annex
D.2.2)  Howéver, constriction of an intaké weir is technically possible
either in the downstréam (1-4 site) or upstream (T-1 and T-2 sites) of the
conf lience wlth A Yoyo Blando.

Consequently, ocmparatwe study is made basmally on 5 alternmative
( plans as followsi : :

T-1 dam with diversion fram A. Blando
T-1 and T-2 dams (larger scale reservoir)
-1 and T-2 dars (smaller scale reservoir)
Weir at T-4 site (Pino dé yuna)

veir at 1™~1 and T-2 sites

22 2R E

These alternatives are schematically illustrated on Fig. F-06.



F.2.2 Single Dam or Comnbined Dams

The alternative-Al contemplates a single dam at T-1 site while the
alternative-A2 and -3 envisage to construct ocmbined dats at T-1 and T-2
sites. In both cases, a headrace tunnél is planned to be aligned on the
left bank of the Yuna river. The alternative plans have respective charac-
teristics as summarized hereunder: '

1} Al (Sirgle dam at P-1):

The alternative-Al involves construction of such struclures as:

a)

b}

c)

d)

e)

-1 dam {gravity or fill-type dan)

Diversion weir and intake structure on Arroyo Bla:m at a site
about 1.8 km upstream from the confluence with the Yuna main-
stresm, ocambined with construction of access road.

A tunnal of about 1.4 km in length fram the diversion weir to
T-1 reservoir. The tunnel has to cross a fractured zone by El
Torito fault (about 70 m in width), as explained in Annex D.3.2.

A saddle dam at T-3 site. A low fill-type dam construction is
possible, but attention is to be paid to the decanposed zone as
deep as 25 m from the ground surface in both abutments, as ex-
plained in Annex D,3.1. '

An aqueduct or stéel lining of a heidrace tunnel (about 171 m in
length) and a supporting structure (bridge of 116 m in lergth)
to cross over Arroyo Blanco, or alternatively an inclined head-
race tunnel and a steel lining (about 114 m in length) to cross
beneath Arroyo Blanco. The léngth of headrace tunnel is longer
by 430 m than the alternative -A2 and -A3.

2) A2 and A3 (Conbined T-1 and T2 dams) :

The alternative-A? and -A3 are proposed to construct a carbined re-
servoir by dams both at T-1 and -2 sites. ‘These alternatives are planned



in view of the geologic conditions to permit construction of a dam at T2
site within a limitéd height. These alternative plans irvolve major struc-
tures as follows!

a) T-1 dam (gravity or fill-type dam)

b) T-2 dam (£ill-type dom). The dam height is limited to be within
50-60 m to specially avoid foundation excavation of the surround-
ing rock of El Torito fault running along the left abutment.

c) 1Inlet of headrace tunnel located on the left bank of Arroyo
Blanco. Crossing of the headrace tunnel through the fractured
zone of El Torito fault is close to the inlet, ard the treéatment
is much easier. {The length of headrace tunnel is shorter by
430 m than the alternative-al.)

The maximun discharge made available from the cambined reservoir un-
der the alternative-A2 amd -A3 is slightly larger than the alternative-aAl,
because catchment area is larger by 1.3 k’mz, which extend between the diver-
sion weir site under the alternative-Al and P-2 damsite.

The alternatives to construct a single dam (Al) or carbined dams (A2
and A3) are to be economically ooampared urder the condition that both alter-
natives have the same storage capacity. As shown on Table P-01, the alter-
natives to construct T-1 and T-2 dans are found to be econamically preferable
to construct a single dam at T-1 site.

The scale of reservoir to be constructed by T-1 and T-2 dams is to
be decided after makxing an optimization study (Refer to Anex G). It is
moted, however, that the height of dan is geologically limited at T-2
site. 1t is further moted that the type of dam at T-1 site is selected
through further comparative study as discussed in Annex G.



F.2.3 ¥weir Sites

wo alternative weir sites arée identified and camparatively studied.
They aret

Ad  weir at -4 site (Pino de yuna)
AS Weir at T-1 and T-2 damsites

1) A4 (weir at 1-4 site):

Construction of a large dam at T-4 site (Pino de Yuna) is rot geolo-
gically recamended due mainly to the fault running along the Yuna river.
However, constyuction of a low gravity type weir is feasible, as explainad
in Annex D.3.1. ‘The major characteristics of Ad alternative are as follows:

a) Construction of a gravity type weir at T4 site. The storage
capacity is designed to be sufficient for daily requlation of
water for peak power generation.

b) Intake strucbare on the left abutment. A fauit is running on
the left abutment, but it is located close to thé headrace tun-
nel inlet, which will require some geological treatment.

2) A5 (Weir at -1 and T-2 sites);

This plan is an alternative to A4 plan, and is conceived to obtain a
higher head in power generation. Water of the Yuna mainstream and Arroyo
Blanco is taken respectively at T-1 site and T-2 site. The major charac—
teristics of A5 alternative plan are sumarized as follows:

a) Oonstruction of a gravity type weir at -1 site, or at a site
immediately upstream of T-1 site,

b} Construction of an open chanrel of about 360 m in lergth to
divert water of the Yuna mainstream to Arroyo Blanco.

c) Construction of a gravity type weir at 7-2 site, or at a site
irrediately upstream.



d) Construction of headrace tunnel, which is longer by 960 m if oan-

pared with A4 alternative. 'Ihe available head, however, 18 high-
er by 47 m than A4 plan,

The two altermatives, A4 and A5, are corparatively studied in terrs
of eoconointe viability. Since the preference of one altemative to the other
has not been décisive in the preliminary study, the two alternatives are
designed and studied in detafl as explained in Annex G and Annex L.

¥.2.4 Water Diversion from Arroyo Colorado

As discussed in Anmex C.4.2, a tributary called Arroyo Colorado has
relatively larger discharge among other tributaries in the uppér Yuna river
basin. It also flows at higher elevation in its upper reach. Consequently,
diversion of water available in the upper Arroyo Colorado to the headrace
tumnel from the A2 or A3 altematives and Ad or A5 altemative is studied.

The diversion from Arroyo Colorado involves construction of facilities as
follaws: o '

a) Construction of gravity type diversion weir on Arroyo Colorado:
two weirs on tributaries in case of A2 and A3 alternative and
one weir on A, Colorad stream in case of Ad altermnative.

b) Construction of a diversion tunnel: about 1,600 m in length in
casé of A2 and A3, 1,300 m in case of A4, and 1,450 m in caseé of
A5 atternative,

¢) Construction of an access road of about 2 km in length to reach
diversion weir sites.

Although discharge is increased by water diversion from Arroyo Colo-
rado, the major constraint is construction of the access road to reach the
diversion weir sites, which tuns out to be stbstantially costly. Conse-
quently, the A2 or A3 alternative and A4 alternative are econcmically re—
viewed with or without the Arroyo Colorado water diversion.

Tahle F-02 indicates the results of conparative stidy with or without
water diversion from Arroyo Colorado. It is considered recommendsble to

utilize water of Arvoyo Colorado even thouwsh the total construction cost
increases as a whole.
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F.3 [0S VEGANOS SCHEME

7.3.1 Conceivad Altéernatives

The pre-feasibility study by QOE-ENEL proposed to _oonétruct a dam on
the Yuna mainstream at a site 500 m upstream of the confluence with Arroyo
Colorado. The proposed site shows V-shaped valley, sloping 30° in the left
abutment and 40° in the right abutment. A dam of 72 m in height will im-
pound 6.4 million m> of water, This site, called V-1 damsite, is studied
as an alternative. In casé of V-1 danmte, the headrace tunrel is ahgned
either on the left bank or on the right bank of the Yuna river.

In the sectlm upstxean of V—-l dansite, the valley 1s relata.vely .
narrow at some plaoes but it is mt poss:.ble to 1dent1fy dasns1te 0 jmpound |
enough volume of water in the resérvoir. leaﬂse, in the sectmn do;m—
stream from the confluéence with Arroyo Colorado, the geolog:.cal cordltlons
are not favorable to construct a large dam. (V-2 damsite in the dovmstrean
section is precluded fram the camparative study on altermtw&s, though the
site was investigated topographwally and geologxcally.)

an alternative plan to mthCt a diversion wexr on the Yuna main-
stream is conceived at a site immediately downstrean from the oconf luence
with Arroyo Colorado. The 51te, called V-3 site, forms a narrow gorge, with
steep cliffs of about 15 m in height in both ahutments Oonsequently, three
alternmative plans are studied in detail, as follows:

B! V-1 dam with left bank headrace tunnel
B2 V-1 dam with right bank headrace tunnél

B3 ‘eir at V-3 site

qhese alternatives are illustrated on a schematic diagram on Fig. F-06.
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F.2.2 Hater Diversion

In the case of V-1 dam, water diversion fram the nearby tributaries
is proposed, as followsi

Bl Alternative:

a) Water diversion fram Arroyo Avispa to V-1 reservoir, by construct-
"ing a weir on A. Avispa {catchment area of 9.3 }qn2) and a diver-
sion tunnel of 1.4 km in length.

b) - Water diversion fran Arroyo Colorado (remaining river basin of
6.4 Ym® in the downstream from the weir sites for diversion to
" El forito scheme) to the headrace tunnel to Los Veganos power
station. '

‘¢) Water diversion from Arroyo Cana to the headrace tunnel, by ocon-
structing a weir on A. Cana {catciment area of 7.7 hnz) and a
diversion tunnel of 1.0 ka? in length.

B2 Alternative:

a) Water diversion fran Arroyo Avispa
b) Water diversion fram Arroyo Oolorado {dowmstream)

Under B2 alternative, water diversion from Arroyo Cana is not con-
tarplated, because the headrace tunnel is aligned on the right bark of the
yuna river. The right bank headrace tunnel is shorter by about 1.6 km in
length than the left bank headrace tunnel under Bl alternative.

Through the comparative study on the alternative water diversion
schére, it is found that the water diversion fram Arroyo Cana is mot bene-
ficial. It is more recamendable to align the headrace tunnel on the right
bank of the Yuna river (B2 alternative) and to ¢concmize the construction
oost. On the same reason, the headrace tunnel under B3 alternative is re-
ocammended to be aligned on the right bank of the Yuna river.
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F.3.3 v-=1 Irm or V-3 Weir

It has been considered at the initial stage of feasibility study that
v-1 damsite offers a favorable topogréphic and gooiOgic conditions for a
£ill-type dam construction. Through the detailed geologid survey by drill~
ing, however, it is found that V-1 damsite involve.s a serious problem in
geologic conditions. '

" As explained in Annex D,3.3, the'site is oamposed of green yock in
the right abutmént and well-bodded limestone (partly muddy or tuffaceous)
in the left abutmwent. A water table of the limestone in the léft abutment
is found to locaté at a lower lével than the river water level. This indicates
the possibility of phreatic watér leakage fram the river té the left abut-
ment, probably through a high permeability Zone; like caves and open crack
of limestone mass. Furthér, the water pressure tésts verify that water will
leak from the resérvoir to a large extent. Theréfore, it is considered at
the ultimaté stage of the field investigation that thé v-1 damsite is geo-
technically and economically not recamendable for a large dam construction.

Consequently, the alternative-B3 to construct a diversion weir at
V-3 site is scrutinized as the only possible plan to be envisaged in lLos
Veganos. '
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F.4 EL TORITO - LOS VEGANOS COMPIEX

F.4.1 Selected Alternatives

hrough the comparative study in the foregoing Chapter F.2 and F.3,
alternative plans are scrutinized as follows:

Bl Torito los Vegarnos
A2 or A3 (Dam) + B3 {weir)
A or AS {weir) + B3 (weir)

Since the construction of dam at V-1 site (altermative Bl and B2} is
not recomended, the site of power station in El Torito scheme (A2, A3 and
Ad) is to be located as far downstream as possible on the left bank of the
Yuna river to obtain a head as high as possible. The power house site is
found on the higher portion of the left abutment of V-1 damsite.

¥.4.2 Further Corparative Study

Further camparative study is to be made technically and econamically
on two alternative plans as selected above. A feasibility level design is
to bé prepared on the structures required for both alternative plans.

The study on the alternatives to construct a larger reservoir at T-1
and T-2 dansite (altérnative A2) or a smaller reservoir (alternative A3) is
to be made through optimization study on the dam and reservoir. (Refer to
Annex G.2) In thé comparative study on construction of dams or wveir for
El Torito schame, effects in the downstrean area, particularly effect on the
Piodra Gorda dam and reservoir, are also to be reviewad.
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Table F-01 BEOONOHIC OQMPARISON OF ALTERMATIVES
(Without water diversion from
Arroyo Colorado)
(COMPARACION ECOKOMICA DE LAS ALTERNATIVAS)

) AT Y, 3
bescription FITFIIL. TLiCrav. TIiFIIL. TliGav, TLIFIIL, TliGrav.

Pover Generation
Installed Capacity (kv) 7,100 7,100 9,700 9,700 8,100 8,100
Annual Energy Output (Gih)
Primary : 16.9 16.9 20.7 20.7 13.8 13.8
Seocondary 11.7% 11,7 14.3 14.3 13.0 13.0

Constyuction Cost (1000 RDS) 62,211 91,662 76,612 92,463 65,411 17,026
Annual Equivalent Benefit

{B) {1000 RDS)
Capacity Benefit 169 469 641 641 535 535
Encrgy Benefit
Primary 2,748 2,748 3,366 3,366 3,057 3,057
Secondary 717 17 876 876 796 796
Total 3,934 3,934 4,883 4,883 4,388 4,388
Annual Equivalent Cost
{© (1000 RDS)
Capital Recovery Cost 7,491 9,833 9,225 11,134 7,811 9,282
O & M Cost 311 408 383 462 327 385
Total 7,802 10,241 9,608 11,596 8,204 9,667
Benefit Cost Ratio
(8/C}) 0.50 0.39 0.51 0.42 0.54 0.45

Note: 1. Capacity Bepefit
C.V.

{Installed Capacity) x (Capacity Value)
I.C. x 66.09 RDS/KH

2. Energy Benefit
Primary E.B.
seocondary B.B.

3. Capital Reoovery Cost

(Annual Energy Output) x {Energy Value}
A.E.0. x 0.1626 RDS/Kwh
A.E.0. x 0.06125 RDS/Kth

[Tt

(Construction Cost)
% {Capital Recovery Factor, 12% 50 yrs}
C.R.C, = C.C. » 0.120417

4. Each of the altermatives is studied for the different types of
T1 dam, that is, Fill-type and concretegravity-type.



Table F-02

BOOHOHIC COMPARISCN OF ALIERRATIVES
{Without/with Water diversion from
_hxxoyo Colorado)

F - 16

{COMPARACION ECONOMICA DE LAS ALTERNATIVAS)

Description /0 A W/ w/o A W W/0 A W/
Power Generation
Installed Capacity (kW) 9,700 12,100 8,100 10,100 4,900 6,600
Annual Energy Output (Gih)
Primary 20.7 24.6 18.8 21.8 10.9 13.9
Secondary 14.3 16.3 . 13.0 15.5 12.0 15.6
Construction Cost (1000 RD$) 76,612 79,749 65,411 68,549 23,255. 26,251
Annual Fguivalent Benefit
(B) {1000 RDS)
Capacity Benefit 641 800 535 668 324 436
Encrqy Benefit .
Primary 3,366 4,000 3,057 3,545 1,772 2,250
Secondary - 876 998 796 949 735 956
Total 4,883 ~ 5,798 4,388 5,162 2,831 . 3,652
Annual Fruivalent Cost
(© (1000 RDS) |
Capital Reoovery Cost 9,225 9,603 7,877 8,254 2,800 3,161
O & M Cost 383 399 327 . 343 116 . 131
Total 9,608 10,002 8,204 8,547 2,916 3,292
Benefit Cost Ratio _
(8/C) 0.51 0.58  0.54 0.60 0.98 1.11

Mote: 1. Capacity Berefit = {Installed Capacity)} x {(Capacity Value)
C.B. = 1,C, % 66.09 RDS/kW

2. Encrgy Berefit
Primary E.B.
Seoondary E.B.

ot

3. Capital Recovery Cost = {Construction Cost)

C.R.C.

0.06125 RDS/kwh

{Annual Enexgy Output} x {Energy Value)
A.E.0. x 0.1626 RDS/kKwh
AB.O. X

X {Capital Recovery Factor, 123 S0 yrs)

= C.C, x 0.120417

4. With regard to A2 and A3, Tl danm is fill- type.
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{For example) Reservoir Operction feriod

Reservoir Operation Period =y pro—
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Reservoir Water
Level
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s
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Jnke rate = Firm Dischorge

"—5
Operchion TiTe

(2} CASE.2-a {In case 1hot Reservoir Water Level
is at H.W_.L]

Pmax

A
JOutpeat Power

i 4

0 el 24hrs.
Opemﬁ_m Tme

Intoké rate = Inflow:

wWput Powee

{3) CASE2-b (Incase thot Reservoir Water Level .,
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G. PRELIMINARY DESIGN

G.1 FIRM DISCHARGE

G.1.1 Firm Discharge of DanReservoir Plan

The daily discharge of Bl Torito orbined dam plan is estimated
at the oonversion rate of 0.08 (0.04 at ™1 dansite and 0.04 at T-2 darsite)
of daily discharge recorded at Ios Quemades, as a result of hydrologic
analysis éxplained in Annex C.

On the basis of the estimated daily discharge, a discharge mass
ourve at El Torito is prepared as illustrated on FPig. G-01l. Further, the
reservoir capacity for various draft value is calculated as shown on Fig.
G-02. Under this study, the seoord worst drought year {1977) is applied in
estimating the firm discharge for different alternative scale of reservoir.
The finn discharge available from the reservoir means 100% guaranteed in
the seoond worst drought year. The film discharge is thus calculated as
sunmarized bhereunder.

Case-1 Case-2 Case-3

High water level (EL.m) 750.0  755.0  760.0
Gross storage  (10°m) 4,300 6,100 7,400
Effective storage (10°m) 2,800 4,600 6,900
Fim discharge  (m3/s) 1.05 1.23 1.36
{O-fimm from Reserwir) - {0.74) (0.92) {1.05)
(ng fram A. Colorado) (0.31) (0.31) {0.31)
For reference, (DE estimated 90% dependable discharge (090) from

the reserwoir by simalation analysis basad on rainfall reoords, instead
of estimating 100% guaranteed Q-firm on the basis of mass curve analysis.
0y, Was estimated by (DR at 1.25 m3/s, exclusive of discharge available
from Arroyo Colorado. Since the dam-xeservoir type power generation is
to be planned on the basis of 1003-quaranteed Q-firm, the preliminary
design will be prepared on the basis of parameters tabutated hereinabove.



G.1.2 Dependable bischargé of Weir Plan

For the weir or run-of-river type development at El Torito (T-1
plus T-2), Pino de Yuna (T-4) and at Los Veganos (V-3), the daily discharge
is estimated by applying the conversion rate to the daily discharye record-
od at Ios Quemados, as analysed in Annex C.4.

On the basis of the estimated daily meéan discharge, the discharge
duration curves at El Torito (-1 and 1-2), Pino de Yuna (1-4) and Fos Ve
ganos (V-3) are estimated as illustrated on Fig. G-03 to G-05. A 90% de-
pendable discharge Qqy) is taken as a firm discharge for power generation
at each site. The estimated 90% dependable discharge is as follows:

El Torito ~ (T-1 plus T-2} = 0.62
(A. Colorad) 0.31
(Total) ~ ' 0.93

Pino de Yuna  (T-4) 0.70
{A. Colorado) 0.3
(Total) 1.01

Los Veganos (v-3) ‘
Conbined with dam plan in El Torito 1.96
Cabined with weir plan in El Torito 1.72



G.2 CPTIMR SCAIE OF DAM AND WEIR

G.2.1 Optimization of Dam and Reservoir

Through the study on altematiye plans in Amex F, a corbination of
the construction of T-1 and T-2 dars at El Torito and the construction of
V-3 weir at Los Veganos has boen screened as an alternative plan for further
detailed studies (Refer to ING-01). Under this plan, the scale of T-1
and T-2 oonbined dams is to be cptimized through ocrparative study. The
optimization of dam and reservmr i3 made on the basis of economic evalua-
tion in terms of benef;t/oost ratio in each scale of reservoir capacity and
dam hei@ht. I-\.trther, the optjmm scale of mstalled capacity is determined
on the bas.ls of oazparatlve study on different hours of pea.< awer genera-

tion,
1) Optimm Reservoir Capacity:

Three different scales of reservoir capacity are cuamparatively
studied to determing the cptimum scale. They are:

Case-l  Case-2  Casé-3

High water level  (EL.m) 750.0  755.0  760.0
Lo water level  (EL.m) 740.0  740.0 740.0
pam Crest (EL.)  755.0 769.0 765.0
 Effective storage (105m) 2.8 4.6 6.9
Firn discharge  (w3/s) 1.05 1.23 1.36

Installed capamty (m) 8.7 10.3 11.4

" It i$ noted that the hichest elevation of the dam crest is limited
to BL.765.0 m because the fault nmning along the left bank of Arroyo Blanco
will not permit geotechnically thé construction of a higher dam at T-2
damsite.

The xesult of econcmic coaparison of three different scales of

: IES-E'.I\’OII' capaczty is swwmarized on ‘i‘able G-0l. As a result, (‘ase—2 to
have the effective storage capacity of 4.6 million m? is found to be rost
advantageous, The dam crest is therefore set at EL.760.0 m,



2) oOptimm Installed Capacity:

On the optirum reservolr capacity selected through the canparative
study as explained above, the scale of installed capacity is studied for
the peaking operation of different hours as follows:

Case-1 Case—2 Case-3

Peaking opexation hours aday 5 6 7
Maximum discharge (o/s) 5,90 4,92 4.2
Installed capacity (M) 12,2 10.3 8.8

The result of econcmic canparative study is shown on Table G-02.
Through the comparative study, it is found that the peaking operation of
6 hours per day with the installed capacity of 10.3 M is econamically most
advantagecus. ‘The selected daily operation hours coincide with the opera-
tion hours desirable fram the viewpoint of daily load curve and load dura-
tion curve as explained in 2annex B.4.2. '

G.2.2 Optimization of Weir Plan

The scale of weir and installed capacity is studied for El
Forito (-1 & T™2) weir and Pino ée Yuna (1-4) weir for El Torito scheme,
and for V-3 weir for Los Veganos scheme.

At first, a provisional storage capacity is set at 260,000 m3 at

each weir site, and the ratio between weir height and gate height is cal-
culated to minimize the total cost of weir and gate. On the basis of cal-
lation as shown on Table G-03 and a cost curve prepared as illustrated

on Fig. G-06, a parameter to mininize the total cost of weir and i;ate is
set as swmarized hereunder. o

TIZT2 Weir T4 Weir V-3 Weir
vw/-eir w/'D-Dam
{Gate height)/{weir height) 0.47 0.383 0.329 6,303

{Gate helcht)/(sill heicht) 1.20 0.750  0.545 0.488



By applying the parameters calculated above, 4 caseés of welr plan
with different scales of storage capacity are defined as shown on Table G-04
to G-06 for respective vwelr construction plan. The econaic comparison of
cach case is made as shown on Table G-07 to G-09. Consequently, the opti-
mrn scale of storage capacity of weir in El Torito and in Los Veganos is
ectrnomically defined as summarized hereunder,

Case Storage Capacity

o (0%’ _
-1 & T-2 Weirs {2) 110
4 veir (2) 95
V-3 Welr (w/El Torito Weir) 2) 149

(/81 Torito Dam) (2) 169

The optimum installed capacity and peaking operation hours is scruti-
nized through conparative study on the basis of storage capacity detemmined
as explained above. 'The economic caparison is made on the following cases:

Case-1 Case—2 Case-3

T-4 Weirxi

taily cperation hours 5 6 7

Makimm discharge {m>/s) 4.85 4.04 3.46

Installed capacity (M¥) 7.5 6.3 5.5
V-3 Weir (with Bl Torito Dam):

Daily operation hours 5 6 7

Maximan discharge (m3/s) 9.41 7.84 6.72

Installed capacity (W) 10.5 8.8 7.5
V-3 teir {with El Torito teir):

Daily operation hours 5 6 ?

raximun discharge {m3/s) 8.26 6.88 5.90

Installed capacity (¥4} 9.0 7.7 6.7

The result of comparative study is shown on Table G-10 for T-1 & T-2
Pino de Yuna weir,G-11 for T-4 weir and G-12 for V-3 weir scheme. Conse-
quently, 6 hours® operation a day with the installed capacity of 7.2 MV for



G-6

El Torito weir plan, 6.3 M7 for Pino de Yuna scheme and 7.7 MY for V-3 Los
Veganos scheme is found to be most advantageous. ‘The selected daily opera-
tion hours coincide with the operatfon hours desirable from the viewpoint
of Gaily load curve and load duration curve as explained in Annex B.4.2

The cptimm scale of T-1 & T2 weir or T-4 weir plan and V-3 weir
plan is determined as summarized hereunder.

1 & T-2 Welr T-4 Weixr V-3 Welx
w/T-Weir w/T-Dam

High water level (EL.m) 726.0 620.0  493.0  494.0
Low water level (EGL.m) 723.4 677.5 . 488.5  489.5
Effective storage capacity S . _

(103/m3) 110 95 149 169.0
Masimun dlscharge (mo/s) 3.2 4.04 6.88  7.84

Tnstalled capacity (%) 7.2 6.3 2.7 8.8



G.3 PRELIMINARY DESIGN OF EL TORI'TO DAM PLAN

G.3.1 Ceneral

As explained in Annex F.2, the construction of T-1 dam on the Yuna
mainstrean and T-2 dam on Arroyo Blahco is contemplated. The reservoirs
are oombined by excavating an open channel beneath the col (T-3 site)
dividing two river basins.

-1 damsite is located at about 550 m upstream of the confluence
with Arréyo Blanco, ‘Ihé riverbed is 15 m in width, and the river deposit
is arcund 3 m in depth. “he fourdation rock is inferred to be amphibolite.
On the other hand, T-2 damsite is located at about 500 m upstream of the
confluence with the Yuna mainstrean. The abutment at the damsite dips 35°
on the left bank and 40° on the right bank. The riverbéd is appraximately
20 m in width and the rivér deposit is around 7 m in depth. The founda-
tion rock is also inferred to be amphibolite (Refer to Annex D).

_'Ihe' high water level of the cambined reservoir is determined at EL.
755.0 m through the optimization study explained in Chapter G.1.1.

G.3.2 El Torito Reservoir

At thé high water level (EL. 755.0 m}, the gross storage capacity
is 6.1 million m3, and the reservoir surface area is 40 ha. The low water
lewel is set at EL. 740.0 m, and the effective storage capacity between
the high water level and low water level is 4.6 million 3 (Refer to Fig.
G-07). At the tire of design flood of S60 m3/s, the reservoir water level
rises terporarily wp to EL., "1577.8 N

The dead storage is caloulated for the project life period of 50
years, in accordance with the following formula:

w=V-+-A:} +n

where, Dv : dead storage capacity

v ' specific sediment yield (2,000 m/kn’syear)
(Refer to Awnex C.5) '



A 1 catchment area (30 k)
N : trap efficiency (50%)
n ¢ project life (50 years)

The dead storage capacity is estimated at around 1.5 million m3.

G.3.3 Dam Type

From the technical point of view, construction of a concrete gravity
type dam and a rock-fill type dam is possible at T-1 damsite. On the other
hand, T-2 darsite pemits the construction of a fill-type dam due to its
geotechnical limitations,

For T-1 dam oonstruction, a concrete gravity type dam and & rock-fill
type dam are oomparatively stidied in terms of theéir eoonomic preference
(Pefer to Table G-13). 2s a result, constructicn of a fill-type dam is
verified to be rore economical.

G.3.4 Dam Desion

For the design of El Torito dams {T-1 and T-2 combined), design cri-
teria are determined an the basis of topographic survey, geologic and geo-
physical survey, inwestigation of construction materials, etc. . The major
criteria are explained hereinafter (Refer to ING-03 to DWG-05).

1) bpan Grest:

‘the design flood discharge is calculated at 560 m3/s for fill-type
dam oconstruction at El Torito, which is equivalent to the probable flood
for the retwmn periocd of 200 years (Refer to Annex C€.5.3). At the design
flood, the hich water level rises terporarily wp to Bi. 757.8 m. In view
of the probable maximm flood éstimated at 580 m3/s, a free board of 2.2 m
in height is designed for Bl Torito dans.,

Oonsequently, the dam crest elevation is set at EBL. 760.0 m. The

dam heicht from the foundation is 55 m at 1 darsite and 60 m at ™2
damsight.



2} Dam Axis:e

ihe dam axis is determined on the basis of topographic and geologi-
cal conditions., At T-1 damsite, the axis of rock-fill dam is designed on
the straight line. At T-2 damsite, the axis is not designed to be straight
to facilitate the access in the right abutment in view of the topographic
conditions (Refer to ING-03}).

3) Design FEarthquake Acceleration:
As explained in Annex D.4, the design earthquake acceleration at -}
and T-2 dassite is determined at 0.15 g, including save safe weasure,
4) pesign Value of Rrbankment Matérials:

On the basis of investigation on oconstruction materials as explained

in Amex B, the design value of embankment materials are detenmined as
sumarized hereunder.

Core Filter Randam Rock
Materials Materials Materials Materials

wet density (£/m) 1.75 2,10 2.10 1.95
Saturated density (t/m>) 1,82 2.20 2.20 2.10
Internal friction angle (°) 25 38 39 42
Cohesion (t/m’) 3.0 0 0 0
Permeability coefficient 1x10°° 1x107° a0 2 xie?

{om/s) 141070 110

S) Dam Zoningi

Zoning of fill-type dass at T-1 and T-2 damsite is made in accord-
ance with the following criteria: (Refer to ING-04)

a) Tmpervious core zone:

In view of the general criteria that the safety is secured if
width of impervious zone is 30-50% of the water pressure head, the
slope is designed at 1:10.2 on both upstrean and downstream sides, with
the crest width of 4.0 1, The bottan width of the imperviocus core
zone is oconsequently 46% of the designed dam height.
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b) Filter zme:

A single filter zone is designed on both upstream and downstream
sides. The filter zone is designed to have a ¢rest width of 3.0 m.
¢) Random zone:
" qo minimize the erbankment cost, a random zcne is designed to
utilize the riverbed deposit of sand and gravel to the maximum extent.
d) PRock zoned

fhe rock zone is designed in the Yight of dam stability and
earthquake acceleration. It is filled wp by rock materials to be

- excavated at the proposed quarty site. :

6) Dam Stability:
On the basis of the designed dam zoning, the slope stability analysis
is made by means of slip-circle method. The result of stability analysis
is sumarized on Table G-14 and Fig. G-08, Thé slopes of randam zone and
rock zone are determined as follows:

Upstream slope 1:1.8 1 2.7
Downstream slope 1: 1.4 1:1.9

V3 River Diversion:

River diversion is made by the ocofferdams and diversion tunnels
(Refer to DRG-0%). ‘The oofferdam is designed on the basis of the 20-
year probable flood discharge estimated at 300 m3/s. The diversion tunnels
ave aligned in the left abutrent of both T-1 darsite and T-2 damsite. The
tunnel of T-2 darsite is designed to be 5 m in diameter. The diversion
tunnel in the left abutment of ™1 darsite is designed to function as a
spillway after ocarpletion of the dam construction, and to be 9.4 n in
diameter.
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8) Spillway:

S;)illwéy is designed in the left abutment of -1 damsite, as a tun-
nel type spillway. It is equipped with a side channel of 60 m in crest
lergth., The inside diameter of the tunnel spillway is designed to be 9.4 m,
to allow free flow of the design flood discharge estimated at 560 !:\3/5.

G.3.5 Waterway

An intake of the headrace tunnel is located on the left bank of Ar-
royo Blanco at around 400 m upstream of T2 dam axis, because the section
between the proposed intske site and T-2 dassite is subject to probable
landslide as noted in Annex D.3.1.

The intake is equipped with a trush rack of 3.0 m in width and 2.5 m
in height, and a roller gate of 2.0 m in width and 2.0 m in height. The
sill crest is set at EL. 738.0 m, in view of the low water level and sedi-
rentation in the reservoir (Fefer to NG-06).

The headrace tunnel is aligned in the left abutment of the Yuna main-
stream, until it reaches at a surge tark to be located on the slope divid-
ing the watershed of the Yuna mainsiream and Arroyo Colorado. ‘The total
length of the headrace tunnel is 5,300 m. ‘the tunnel diameter is designed
to be 2.0 m, which is the minirum dirension for conwentional tunnel excava-
tion (Refer to ING-06).

a s:urje tank is designed to locate at the elevation of 780 m. ‘he
surge tank is a restrictad orifice type with an inside diameter of 4.0 m
and a height of 46.0 m, detérmined on the basis of water hamrer analysis.

The penstock is aligned on the ridge of a slope of the left abutmwent
of V-1 darsite near Los Veganos. The length of penstock is about 660 @.
The inside diameter is designed to gradually decrease fram 2.0 m to 1.0 m
(Refer to ING07). '
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G.3.6 Water Diversion from Arroyo Colorado

Diversion of water from Arroyo Colorado is planned to be incorporated
into El Torito scheme. Arroyo Colorado bifurcates to Arroyo Chiquito {north
side) and Arroyo Pringamosa (scuth side) at a point of EL. 750, “about 1.5 Km
wstrean of the confluence with the Yuna mainstream. Since. the hign water
Jevel of El Torito reservoir is designed at BL. 755 m, the tributary intake
structures for diversion are designed on both Arroyo Chiquito and Arroyo

Pringamosa. ‘The location of weir site is selected on both Arroyo at about
100 m wpstream of their oconfluence.

qhe intake weir on Arroyo Chiquito is designed to be 7.5 m in height
and 60.0 m in crest length. Water is diverted through an open channel of

121 m in length w to the storage of Arroyo Pringanosa welir which is design-
ed to be 5.5 m in hei¢ght and 42.5 m in creést leagth. Water is led fram the

Pringamosa intake through a diversion tunnel of 1.6 km in length, until it
joins the headrace tunnel from El Torito reservoir at a point of about 250m
fram the proposed surge tank (Pefer to IWG-08 and niG-09) .

G.3.7 Power Station

An open type poerhouse (Yuna No. 1 power station) is located on ‘the
left bank of tihe Yuna mainstream, about 400 m upstrean from the o f lvence
with Arroyo Colorado. The site is ocovered with talus deposit of 8-10 m in
thickness. The foumdation is green rock durable enough for a powerhouse
construction, as explained in Annex D.3.2. (Gowmstream powerhouse site) .

The dirension of powerhouse is designed to be 22.0 m in length, 18.5m
in width and 27.5 m in height., fThe building accarrodate a unit of turbine,
generator, crane, etc. 'The tuwrbine is designed to be of Francis Type, with
a capacity of 10.3 M{ under the rated head of 250.3 m and rated discharge
of 4.92 13/s. The rated revolving speed is 900 rpm. ‘The gererator is rated
at 12.7 MVA to deliver 10.3 MY of power at 0.85 power factor in lagging.

An outdoor sWitchyaxrd is designed to have a space of 30 m in width
and 40 m in length. The grownd elevation is set at EL. 494.5 m. A main
transformer is installed in the cutdoor switchyard., he transformér is
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specified to be 12,7 MVA, 60 Mz, 3-phase, 6.6 kV to 69 kV in delta-star
oconnection of natural cooled type (Refer to DWG-10},

G.3.8 Transmission Line and Substation

Pover generated at the Yuna No. 1 power station is sent to a switdh-
ing station to be omstructed at the Rio Blanoo power station, thréug:h a
transmission line of 69 kV. The line is about 8 km in length. Although
CIE has a plan to set yp a substation at a site about 4 km gownstream from
thé Piedra Gorda damsite to integrate a series of hydro-power plants to be
developed in the upper Yuna river basin, such a location is subject to
further shwdy on the construction of the Piedra Gorda dam. ‘The proposed
comnection to the Rio Blanoo power station appears to be rore realistic at
this morent.,

G.3.9 Erergy Output

On the basis of firm discharge estimated at 1.23 m3/s and the reser-
voir operation rule proposed in Annex F.1.2, the annual energy ocutput of El
Torito dam plan is calanlated as swmarized hereunder. The prirary encrgy
is the output in 6-hour peak operation, while the scoondary energy is the
ontput in off-peak hours.

Installed capacity 10.3 1w
Primary energy 22,2 Gsh
Secondary enerqy 15.8 Gih

Total energy output 38.0 G#h
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G.4 PRELIMINARY DESIQN OF EI, TORITO WEIR PIAN

G.4.1 El Torito {(T-1 & T-2) Intake Veirs

As an alternative to the El Torito dam and reservoir scheme, it is
planned to construct intake weirs at T-1 and -2 damsites, aiming o use
higher head as possible as the topography permits. As the weir sites, ri-
verbed width is about 10 m at T-1 site and 15 m at T-2 site. The founda-
tion rock at T-1 and T-2 sites is composed of foliated and microcrystalline
amghibolite, and the thickness of river deposit is 2 mat ™1 site and 5 m
at T2 site.

‘The daily rean dlscmarge At -1 and T-2 site is estimated at the
conversion ratio of 0.04 of daily msc‘narge record at Los Quemados. On the
basis of discharge duration curve at 'I‘-l and T-2 sites, a 90% dependaole
discharge (ng) is estimated at 0.62 m /s.

fhe veir at T-1 site is designed to divert water of the Yuna main-
stream to Arroyo Blanco. For water diversion, an open diversion channel
is to be excavated through the ool dividing the Yuna mainstream and Arroy0
Blanco sub-basins (called also T-3 site). The diversion channel is design—
ed to be 360 m in total length, and the channel bottom is in EU. 722 m,
{(Pofer to IAWG-11})

1 weir is designed to be of free—overflow type. A non—gated
concrete gravity type weir is designed, with 17.0 i in height and 50.0 m
in crest length. At T-2 weir, the high water level i's set at BL. 726.0 m
and low water level at EL, 723.4 m to store 110,000 m> of water for 6-hour
peak operation. fhe weir is desigred to be a gatéd concrete welr with a
crest length of 8 m. Ihe gated overflow section and tWwo ogee sections are
designed to allow passage of a prabable filood for the retumn period of 100
years, vhich is estimated atb 420 m/s. Two gates of vertical 1ift type
(12 m x 7.75 m) are installed to flush sedirent in the pondage. The up-
stream section of the welir will be filled out by sediment in a relatively
short period after the construction of weir, but the storage capacity is
secured by installation of such gates. A sand flushing chanrel is also
designed to be provided in the weir. An intake is constructed at B, 720.5 m
in the left abutment. (Refer to KG-12)
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G.4.2 Watémgx

A headrace tunnel is aligned on the left bank of the Yuna river.
A total length of the tuwnel is approximately 5.2 km, The bedrock along
the headrace tunnel route is inferred to be green schist,

The headrace tunnel is designed to be a pressure tumel with cir-
cular cross section. The inside diameter is 2.0 m, which is the practically
minime size for excavation by the conventional tunnel work equipment. For
excavation, the twumnel is divided into 3 sections: the first section of
1,700 m in length, the secoond séction of 2,200 m and the third section of
1,400 m. VYork adits are located at the intake site, near Los Veganos vil-
lage, and near the proposed surge tank site (Refer to BIG-13}.

A surge tank is constructed at the domstream énd of the headrace
tunnel. It is designed to have a concreté lined vertical shaft of 4.0 m
in inside diamter and 44.0 m in height. An orificé is 0.8 m in diateter.

A penstock line is aligned on the ridge of slope rear the left abut-
ment of V-1 davsite at Los Veganos. ‘The penstock is 635 m in length. The
inside diameter is designed to decrease gradually from 2.0 m to 1.0 m,

(Refer to IWG-15).

G.4.3 Water Diversion from Arroyo Colorado

Diversion of Arroyo Oolorado water is planned to divert water of
0.31 m3/s in dependable discharge. Since the intake elevation is lowered
to EL. 736.5 m, if compared with El Torito dam plan, the location of the
diversion weir is found inwediately dosmstream from the confluence of Arroyo
Chiquito and Arroyo Pringarosa, or about 2.2 km upstream of the oonfluence
with thée Yuvma mainstream. In this case, a single intake weir is constructed.

The intake weir is desigred to be concrete weir of overflow type.
It is 7.5 m in height and 67 m in crest length. he weir is exquipped with
screen on the crest to separal:e water and gravels or ccbblés flowing over
the crest. ‘The weir is oconnected to an inclined shaft to be set under the
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right abutment, which is in tum linked to the oonnecting tunnel of 2.0 m
in diavcter {(Refer to [WG-14). |

The connecting tunnel of i,45_0 m in length is linked to the héadrace

tunnel from the intake weir, at a point of about 300 i from the surge tarnk
(Refer o WG~13).

G.4.4 Power Station and ‘l‘ransmlssmn Line

An open type powerhouse is located at the sare place as designed
for Bl Torito dam plan (Refer to Chapter G.3.7). The dirension of power-
house is designed to be 22.0 m in length, 18.5 m in width and 27.0 m in
heicht.

The generating equipment is one wit of 7.2 . The turbine is of
a vertical-shaft Francis type, with the rated capacity of 7.2 Mi wnder the
vated head of 229.2 m and the rated discharge of 3.12 m /s. The qemrator-
is of three-phase, and is rated 8.0 MVA to deliver 7.2 Mi at 0.9 power factor
in lagging.

An outdoor switchyard of 30 m in width and 40 m in length is designed
beside the powerhouse., A main step-up trensfomrer is installed in the out-
door switchyard, with the capacity of 7.2 MVA,

he plan for transmission lire to the Rio Blancoe power station is

the sare as designed for El Torito dam plan {62 kV in voltage and 8 km in
length), explained in Chapter G.2.8.

G.4.5 FEnergy Output

on the basis of 903 dependable discharge estinated at 0,93 m7/s and
the reserwoir operation rules proposed in Annex F.1.2, the annual energy
output of El Torito (T-1 & T-2) weir plan is calculated as suwrarized here-
wder. The primary energy is the ouhput in 6-hour peak opemtion, vhile
the secondary energy is the output in off—pe.ak hours-

Installed capacity 7.2 M
Primary encrgy 15.2 O
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- Secondary energy 16,9 Gh
Total energy output 32,1 Gh
G.5 PRELIITINARY DESICH OF PItI0 PE YINA WEIR PLAN

G.5.1 Pino de Yuna (T-4) Intake Weir

The proposed site for construction of intake weir is located at
about 800 m domstream from the confluence with Arroyo Blanco. The riverbed
is about 15 m in width, and thé abutment dips 40° on the right bank and
30°-40° on theé left bank. ‘The foundation rock is cmposed of gneiss. The
alluvial} river gravel deposit is inferred to the 4.5 m in thickness.

he weir is designed to be a gated concrete weir, The gated over-
flow section and two ogoe sections are designed to allow passage of a pro-
bablé flood for the return pericd of 100 years, which is estimated at 440
m3/s, as éxplained in Anrex C.5.3. The weir is 74 m in crest length.

The storage capacity is optimdzed at 95,000 m3, as explained in
Chapter G.2.2. ‘This storage is regulated by installing gates on the intake
welr, for daily peak operation for 6 hours, in the range of Fl., 680.0 m
(high water level) and EL. 677.5 m (low water level) (Pefer to Fig. G-09).

Two gatés of vertical life type (12 mx 7.75 m, each) are installed
to flush sediment in the storage. 'he wstrean section of the weir will be
filled out by sedirent up to EL. 673.5 m in a relatively short period after
the construction of weir, but the storage capacity is secured by such an
installation of gates. An intake to lead water to the headrace tunnel is
desigred on Ef. 674.5 m in the left abutrent. A gate (2.0 m x 2.0 ) is
set at the intake. Besides, a sand flushing channel is designed to be
installed on the right side of the intake (Refer to DWG-16).

G.5.2 Waterway and Diversion from Tributary

A headrace tunnel is aligned on the left bank of the Yuna river, with
a total length of 4.4 km. The rock mass along the tunnel route is inferred
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to be green schist. The tunnel is designed to have clrcular cross section
with an inside dlameter of 2,0 m. ‘Ihé excavation is planned to be made
from 3 adits, each having the excavation length of 1,500 m, 1,050 m and
1,850 m. (Refer to IWG-17)

Water diversion from Arroyo Colorado is also planned to divert water
(dependable discharge of 0.31 m3/s) for this altermative plan. Arroyo Colo-
rado water is taken at a diversion weir located at EL 695 m, ‘the welr is
7.5 m in heighl: and 71 m in crest length. A connecting tunel of 1,300 m
in length is connectéd to the headrace tunnel from the T-1 and T-2 weir at
a point of about 200 m from the surge tank. (Refer to DNG-18)

The surge tank is installed at the dovmstream end of the headrace
tunel. It is desired to have a concrete lined vertical shaft of 4.0 m in
diareter and 32.0 m in height. A orifice is 0,8 m in diameter. A pen-
stock is designed on the same alignmént as El Torito dam plan., It is 467 m
in length and 2.0-1.0 m in diameter. (Refer to DWG-19)

G.5.3 Power Station

Powerhouse is located at the sare place as designed for El Torito
dam plan. The height of powerhouse is lowered by 0.5 m if conpared with
the powerhouse for the dam plan. The twrbine is of a vertical-shaft Francis
type, with the rated capacity of 6.3 MY under the rated head of 1,843 m and
the rated discharge of 4.04 m>/s. The generator is rated at 7.5 MVA to de-
liver 6.3 M{ at 0.85 power factor in lagging. ‘The transmission lire is con-

structed in the same way as designed for El Torito dam plan and T-1 & T-2
weir plan.

G.5.4 Encrgy mtp.lt

In accordance with the conditions for operation of storage and power
station, as explained in Chapter F.1.2, the annual epergy output of the

Pino Ge Yuna (T-4) weir plan (Yuna No. } power station) is calculated as
sumnarized hereunder.
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Installed capacity 6.3 MY
Prirary energy 12.7 Gsh
Secondary energy 13.7 G

Total ¢nergy output 26.4 v



G.6 PRELIMINARY DESIGN OF 105 VEGANOS WEIR PLAN

G.6.1 Los Veganos (V-3) Weir

‘the proposed weir site (V-3) is located at about 100 m downstream
from the confluence with Arroyo Colorado, or about 500 m downstream from
the proposed Yuna No. 1 power station., The site foms a gorge, with both
abutrent steeply dip for about 15 m in height. The cliff is formed of well-
bedded marl and calcarcous green tuff (Refer to Annex D.3.3).

Through the comparative study in Chapter G.1.2, the optimm storage
capacity of Los Veganos (V-3) welr is determined at 169,000 m> (with i,
Torito dar) or 149,000 W (with EL Torito weir) for daily requlation of 6
hours' peaking operation. ‘Ihe storage capacity is secured between the high
vater level at FL. 494.0 m and the lover water level at EL. 489.5 m in case
of ocoibination with El Torito dam, and between EL. 493.0 i and FI., 488.5 m
in case of conbination with El Torito weir. The weir is designed to have
a gated overflow section, non-gated overflow section and a side channel, ca-
pable of passing a design Flood discharge estimated at 820 m>/s (Refer to
Fig. G-09 and Annex C.5.3).

The gates, two in murber, are designed to be of vertical 1lift type
with a dirension of 12 m x 9.75 m, in order to flush sediment in the stor-
age. An intake to lead water to the headrace tunnel is designed on Ei. 485.5
m on the richt abutment. The intake gate (2.0 m x 2.0 m) is set at the in-
take. Further, a sand flushing channel (3.0 m x 3.0 m} is provided in the
weir beside the gates on the right abutrent (Refer to IWG-20)

G.6.2 Vaterway

A headrace tuwel is aligned on the ridht bank of the Yuna river.
The twnnel alignment is proposed in due consideration of the fault that
bevels twice on the aligment and runs in parallel for about a half of the
tunnal route, as pointed cut in Annex P.3.4. A total length of the head-
race tunnel is approximately 3.3 km (Refer to WG-21).

The headrace tunnel is a pressure tunnel with a circular cross section
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The inside diameter is 2.0 m, which is the practical minimum size for ex-
cavation by conventional tunnel excavation equipment. ‘Ihe tunnel is divided
into two sections for excavation: the first section of 1.9 km and the
seoond section of 1.4 km. The work adits are located near V-3 intake, near
El Capa and near the pmposed surge tank (Refer to DWG-21).

A surge tank is constructed at the dwrstream end of the headrace
tuinel, at EL, 510 m. ‘The surge tank is designed to have a concrete-lined
vertical type shaft of 6.0 m in inside diareter and 30.0 m in height. An
orfice is 0.8 m in diameter. ‘ihe minimum up-surging is about 3.3 m (with
El Torito dam) or 3.0 m {with El Torito weir) above the high head water
surface in case of full load rejection, and the maximxn down-surging is
10.7 m {with El Torito dan) or 2.8 m {with El Torito weir) below the low
head water suxface in case of instantaneous load increase from a half to
full load (Refer to DNG-22}.

A penstock is planhed to lay on the ridge of slope behind the pover-

house to be located at about 1.8 km upstream from the confluence with Kio
Tireo. The penstock is 200 m in length, and 2.0 - 1.0 m in inside diareter.

G.6.3 Power Station and Transmission Lire

" An open type powerhouse is oconstructed on the old river terrace de-
posit developed on the ricght bank, at about 1.8 Xm upstream from the Rio
Tireo oonfluence., The site is excavated down to about 7.¢ m from the
“growd surface in order to obtain sound foundation. The powernouse (Yuna

No. 2) is designed to be 21.5 m in length, 19.0 m in width, and 27.0 m in
heicht (Refer to IAG-23).

The generating equiprent is one unit of 8.8 MY (with El Torito dam)
or 7.7 Mi (with El Torito weir). fdhe turbine is of a vertical-shaft Francis
type. ‘The rated capacity is obtained under the rated head of 134 .0 m and
the rated discharge of 7,84 m 3/s{with El Torito dam) or 6.88 m /s {with
El Torito weir). 7The rated revolving speed is 720 rpm (with Bl Torito weir).
The generator is of three-phase, and is rated for 9.8 MVA (with El Torito
Gam) or 9 MVA (with Bl Torito weir) to deliver 8.8 M{ or 7.7 M¥ of power
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at 0.9 power factor in lagging.

An outdoor switchyard of 30 m in width and 40 m in length is design—-
ed beside the povwerhouse. A main step-up transformer with the capacity of
9.8 MVA or 9 MVA Is installed in the outdoor switchyard.

The generated power is plamxed to be. transmitted through a 69 kV
lme 0 be connected to the Rid Blanco s.ﬁtd"ning sl:al:.ion. A distance of
the transnussim line is approximately 4.0 km._

G.6.4 Frergy Output _. o
On the basis of 90% dependable discharge estimated at 1.96 m3/s

{with El Torito dam) or 1.72 'm3/s {(with El Torito weir) at V-3 site and the

reservoir operation rules proposed in Annex P.1.2, the annual encrgy output

of Los Veganos weir plan is calculated as sumarized hereunder. 'The primary

energy is the output in 6-hour pesk opexatlm, vhile the secondary erncrqgy

is the oulput in off-peak hours.

With El Torito Dam With Bl Torito Keir

installed capacity 8.8 MY 7.7 Mt
Primary energy 18,9 Gth 16.4 Gh
Secondary enérgy - 22.8 Gh 19.0 Gh
Total erergy output - 4L.7 Géh 35.4 G

Consepuently, the total energy output of El Torito-Tos Vegancs ocom-
plex is estimated as swmwarizéd hereunder. ’

{El Torito Dam) + (V-3 veir)

Installed capacity = 19.1 M¢
Primary energy ' 41.1 Gh
Secondary energy 38.6 Gth

Total energy output 79.7 Gh
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(T-} & T-2 Welxr) + (V-3 Weir)
Installed capacity
Primary enexrgy
Seoondary energy
Total energy outptit

{T-4 weilr) + (V-3 velr)
Installed capacity
Primary enerqgy
Secondaxy energy
Total energy output

14.9 MY

31.6 Gsh
35.9 gh
67.5 Gih

4.0 MY

29,1 Gh
32.7 Gin
01.8 Gih






TABLES
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Table G-01 DETERMINATION OF OPTIMUM SCALE OF
EL TORITO DAM AND RESERVOIR

{CAPACIDAD OPT'IMA DEL EMBALSE EL TORIT()

‘*l + T2 Dam
Case 1 Case 2 Case 3
H.HW.L, 750 755 760
Reservoir Storage (10°m) 2,800 4,600 6,900
1. Power Gereration
Installation Capacity 8,700 10,300 11,400
(W)
Annwal Fnergy Ootpat 36.1 38.0 39.4
{Gah)
Primary (18.8) {(22.2) (24.6)
Seocoiddary (17.3) (15.8) (14.8)
2. Construction Cost (10°USS) 48,908 53,246 59,510
3. Annmaal Equivalent Benefit
(B) (10%uss)
Capacity Benefit 402 476 527
Fnergy Benefit 2,231 3,099 3,369
Primary (2,262) (2,671) {2,959)
Secondary {469) (428) {401)
Total 3,133 3,575 3,887
4, aAnnval Equivalent Cost
) (16%ys$)
Capital Recovery Cost 5,889 6,412 7,166
O & M Cost 533 564 600
Total 6,422 6,976 1,766
5. Berefit Gost Ratio 0.49 0.51 0.5

(B)/(C)




Table G-02 PEAX OPERATION TIME EL TORITO DAM PLAN

(OPERACION DE HORAS PICO DEL EMBALSE EL TORITO}

71 + T2 Dam
, - Case 1 Case 2 Case 3
Storage Volume (103m3) 4,600 4,600 4,600
Peak Operation Time (hr) 5 6 7
1. Power Generation
Installed Capacity 12,200 10,300 8,800
' (k) L o -
Annual Energy Output 38.8 33.0 37.0
- (Gm) . . :
Primary (21.9) (22.2) (22.1)
Secondary {16.9) (15.8) (14.9)
2. Construction Cost 5 o o
{107us$) 55,837 53,246 53,013
3. Aannual Fguivalent Benefit
) (10%us$) |
Capacity Benefit . 564 476 - 407
Energy Benefit 3,093 3,099 3,063
‘Primary (2,635) (2,61) " (2,659)
. Secondary (458) (428) {404)
Total 3,657 3,575 3,470
4. Aannual Eguivalent Cost :
(c) (103us$)
Capacity Reoovery Cost 6,724 6,412 6,384
0 & M Cost 589 564 548
Total 7,313 6,976 6,932
5. Benefit Cost Ratio 0.50 0.51 0.50

(8/C)




Table G-03())

™) & T2 Welr

G -27

IEAST OOST OF WEIR AND GATE
(COSTO DE LA DERIVADORA Y COMPUEKRTA)

Case 1 Case 2 Case 3
Weir height (m) 22 - 25 26
Gate sizé 12Zn x 1.5 m 12 x 9 m 12m x 7.7 m
Cost 103 US$
weir 993 - 1,358 1,825
Gate 1,428 - 948 744
Total 2,421 - 2,306 2,569
™4 Weir
o Case 1} Case 2 Case 3
Welr heidht (m) - 22 _ 24.5 28,2
Gate size 12m x 11.5m  12m X 9m 120 x 7.7m
Cost 10~ 1s$
Vvelir 945 1,281 1,706
Gate 1,428 948 744
Total 2,313 2,229 2,450




G = 28

Fable G-03(2) LPAST COST OF WEIR AKD GATE
(COSTCG DE LA DERIVADORA Y COMPUERTA)

V-3 Weir (w/T1-T2 dais)

case';=1 - Case 27 Case3

teir height (m) 30.5 32.5 3.0
Gate size . _ ~ 12m'x 13.0m  12m x 10.0m 12m % 8.5m
. 3 ' '
Cost 107 US$ e
weir . : 1,183 - 1,142 1,545
Gate 1,487 - 939 723 .
Total 2,670 ¢ 2,081 2,268
V-3 Weir (w/Tor T1-T2 weir)
7 Case 1 Case 2 Case 3
Weir helght (m) 344 3.9 32
Gate size _ ¥2m x 15.9m 120 x 13.4m 120 X 11.7m
- 3. =
cost 10”7 Us$ - : .
veir 1,448 1,657 2,097
Gate 2,56 . 1,88 1,477

Total | 4,044 3,543 3,51




Table G-04 ~ STORAGE VOLUME AT EL TORITO WEIR

(CAPACIDAD DEL ALMACENAJE DE LA DERIVADORA

EL TORITO)

Rivérbed EL: 713
S “Case 1 Case 2 Case 3 Case 4

Storage Vol.  (10°m’) 10.4 110.0 120,60  132.0
Minus Riverbed EL. (&) 16.0 17.0 18.0 19.0

()
Spilway Gate Sill EL, . .
Minus Riverbed EL. (8) 6.0 6.5 7.0 7.5

(m) _
Gate Height (M) © 7.5 8.0 8.5 9.0
©/® 0.47 0.47 0.47 0.47
(©)/® 1.20 1.20 1.20 1.20
lecLi . ?25.0 726.0 721-0 ?28-0
L.W.E, - 722,0 723.4 724.5 725.6
Dam Crest EL. -729.0 730.0 731.0 732.0
Spilway Gate Sill EL. 719.0 719.5 720.0 720.5
Note: (A) (Dam Crest EL) - (Riverbed EL) (m)

(B) (Spilway Gaté Sill EL) - (Riverbed EL)

(Ce Gate Helght (m)



Table G-05

_ (CAPACIDAD DEL ALMACENAJE (7-4))

Riverbad EL: 663

STORAGE VOLR®E _(T-4, WEIR). -

. Casge 1 Case 2 Case3 - Case 4
Storage Vol.  (103m3) 67.4 101.1 134.8.  202.2
mgfﬁtefged L (a) 20.0 21.0 22.0  23.5
(m) o - | R
ﬁgé‘"g‘g&sgl EL. (8) 10.0 10.5 11.5 12.0
Cate Height (m) (© 7.5 8.0 8.5 9.0
(© /(D) | " 0.383 0.383 0.383 7 0.383
() /(8) - 0.750 0.750 0.750. 0,750
H.W.L. 679.0 680 681 682.5 -
LWL, 677.0 677.5 678 679.0 !
Dam Crest El. 683,50 684 685 686.5 .
Spillway Gate Sill EL. 613.0 673.5 674 675.0

Note: {A) [Dam Crest EL} - [Riverbed EL} - {m)

(8) [Spillway Gate Sill EL} - [Riverbed EL}

(C) Gate Height {m)
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Table G-06(1) STORAGE VOLIME (V-3 WEIR)
_ QOMBINED WITH EL TORITO DAM
{CAPACIDAD DEL, ALMACENAJE (V-3)
COMBINADA CON LA PRESA EL TORITO)

Case 1 Case 2 Case 3 Case 4
_'3 3 . . L
S.V. (10°m") 113 169 226 339
®» | 30.5 33.0 35.1 19.2
8) | 19.0 20,5 22.0 24.0
) ' 11.5 12.0 13.0 14,0
©/@a | '0.303 0.303 0.303 0.303
(C}/ (B} - . 0.488 0.488 0.488 0.488
HW.L. 481.5  494.0 496.1 49,2
LW.L. 488.0 489.5 491.0 493.0
Pam Crest FL. 495.5 498.0 500.1 503.2
Spillway Gate _
silt EL. 484.0 485.5 487.0 489.0
Note: {A) (Dam Crest EU)} - (Riverbed EL) {m)

{B) (Spillway Gate Siil EL} - (Riverbed EL} (m)
(C) dGate Height (m)



Table G-06(2)

. (CAPACIDAD DEL ALMACENAJE (V-3)

G~ 32

STORAGE VOLIME (V-3 Wi
QOMBINED WITH FL TORVTQ WEIR

WEIR)

COMBINADA CON LA DERIVADORA EL TORITO)

Case 3

Case 1 . Case 2 Case 4
3 3 . o .
s.v. (10°m’) 99,1 148.6 198.1 1297.2
(n) . 29.0 32.0 33.5 0 36.5
(B} 17.0 19.5 20.0 22,0
© 9.5 10,0 11,0 12,0
©/ @ 0.329  0.329 0.329 0.320
(©) /) . 0.545 0,545 0.545 0.545
HW.L, 490.0 4930 494.5 497.5
L.W.L.. 486.0  488.5 483.0 491.0
Dam Crést EL. 4340 497.0 498.5 5015
Spillway Gate -
Sill EL. 482.0 484.,5 485.0 487.0
Mote: (A) [Dem Crest EL) - [Riverbed EL] (m}

(8) (spillway Gate Sill E1} - [Rwerbed ELl (m)-
{C) Gate Height (m)



Table G-07

G- 33.

QOST QOMPARTSON UNDER

DIFFERENT STORAGE VOILME (T-) & T2 WEIR)

(COMPARACION DE LA CAPACIDAD DEL EMBALSE

DERIVADORA T-1 ¥ T-2)

case 1

_ Case 2 Case 3 Case 4
Storage Volute (103m3) 73 110 146 220
1. Power CGeneération
Installed Capacity 7,000 7,200 7,200 7,300
(k) o
Anfual Energy Output  31.7 32.1 32,2 32.5
(Gwh) -
Primary 14.8 15.2 15.2 15.4
Secondary 16.9 16.9 17.0 17.1
2. Construction cost 33,337 33,608 35,144 37,626
(103us$)
3. Annual Bguivalent Benefit
(8) (16%Us$)
‘Capacity Benefit 464 478 478 484
Energy Benefit 3,329 3,391 3,391 3,434
Primary (2,298  (2,356)  (2,356)  {2,387)
Secondary {1,035) (1,035)  (1,035) . (1,047)
Total ' 3,793 3,869 3,869 3,918
4. Annuval Equivalent Cost
(c) (103us$)
~ Capital Recovery
Cost 4,014 - 4,047 4,232 4,531
O & M Cost 428 436 438 451
Total 4,442 4,483 4,670 4,982
5. Benefit Cost Ratio _ _ _
(8)/(C) 0.85 0.86 0.83 0.7%




G~ 34

Table G-08  QOST ODMPARISOH UNDER _
DIFFERENT STORAGE WLUME (T-4 WETR)
(COMPARACION DE LA CAPACIDAD DEL, EMBALSE
DERIVADORA P-4}

. Case 1 Case 2 Case 3 Case 4
Storage Volure (103m3) 63 9 126 189
1. Power Generation ]
Installed Capacity (KW) 6,100 64300 6,300 ‘6,400
Annual Energy Output 26.0 26.4 26.5 26.8
(G} : : -
~ Primary 12.3 12,7 12.7 12.9
Secondary - 13.7 '13.7 13.8 13,9
2. Construction Cost . o o _
(103us$) ' 28,038 28,610 29,918 - 32,031
3. Annual Equivalent Benefit
“Capacity Berefit 405 . 418 - 418 . 424
- Energy Benefit 2,746 2,808 2,814 . 2,851
Primary - {1,907) - {1,969) (1,969} - (2,000)
Secondary. C( -839) . (- 839) ( 855) ( 851)
Total 3,151 3,226 3,232 3,215
4. Annval Bguivalent Cost
() Qo%uss)
Capital Recovery o -
Cost 3,376 3,445 3,603 3,857
0 & M Cost 364 372 374 384
fotal 3,740 3,817 3,977 4,241

5. Benefit Cost Ratio _ o
(B8}/(C) 0.84 0.85 0.81 T 0.77
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Table G—09(1) QUST mARIsw UNDER DIFFERENT STORNGE VOLIR4E:

- V=3 WEIR WITH EL TORINTO DAM.

- (COMPARACION DEL COSTO (V-3)

COMBINACION CON LA PRESA EL TORITO)

Case 1 Case 2 Case 3 Case 4
storage Volure (10°m) 113 169 226 339
1. Power CGeneration |
Insta-led Capacity 8,600 8,800 8,900 9,000
(i) .
Annual Energy Output 38,4 39.7 39.8 40.1
(Gwh)
Primary : (16.2) (18.9) {18.8) {(19.1)
- Secondary ' (22.2) (20.8) (21.0) {21.0)
2. Construction Cost
{103 usy) 24,645 25,770 26,604 27,944
3. Anmial Eguivalent Benefit
- (8) (103 us$)
Capacity Benefit 568 582 588 595
Energy Benefit 3,994 4,347 4,343 4,393
. Primary . {2,634) (3,073} (3,057) (3,106)
. Secondary {1,360) {1,274) (1,286) (1,287)
Total 4,562 4,929 4,93 4,987
4, Annual Eguivalent Cost
(© (10° us$)
Capital Recovery Cost 2,968 13,103 3,204 3,365
O & M Cost 123 129 133 140
Total © 3,091 3,232 3,337 3,505
5. Benefit Cost Ratio
1.52 1.48 1.42

{B)/(C}) 1.48
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‘Table G-09 (‘2) (I}GT OTIJPARISON UNDER DIEFERENT '
STORNGE VOLUME ¢ V-3 WEIR WITH EL TORITO WEIR

{COMPARACION DEL COSTO (V-3)
COMBINACION CON IA DERIVADORA EL TORITO)

Case 1 Case 2 Case 3 Case 4
Storage Volure (10°m°) 99 149 198 297
1. Pcmér Generation L .
Installed Capacity 7,500 7,700 7,700 7,900
(k) .
Awbal Energy Outpat 34.8 35,4 35.7 36.5
(Gn)
Primary = (14.9) {(16.4) (16.4) . (16.8)
Secondary - (19.9) (192.0) {19.3) - - {19.7)
2. Construction Cost ' :
(10%uss) 18,628 19331 20,215 21,642
3. Anmal Eguivalent Benefit
®  10’uss) |
Capacity Berefit 347 " 356 356 365
Energy Benefit 2,33 2,488 2,496 & 2,555
primary {1,792) {1,973) 1,973) (2,021}
Secordary (539} (515) (523) (534)
Total | 2,678 2,844 2,852 2,920
4, pAnnual Fguivalent Cost .
© (10%wss)
Capital Fecovery Cost 2,243 2,328 © 2,434 2,606
0O & M Cost 246 250 254 262
Total 2,489 2,518 2,688 2,862

5. Benefit Cost Ratio .
(B)/(C} 1.08 1.10 1.06 1,02




Table G-10 CASE SIUDY OF PEAK OPERATION

G-37

' l(T-l & -2 WEIRAA -
ESTUDIO DE OPERACION PICO
DERIVADORA T-1 ¥ T-2)

Case 1

Case 2 Case 3
Storage Volume {103w3) 110 110 110
Peak Operation Time {(hr) 5 6 7
1. Power Generation
Installed Capacity 8,600 7,200 6,200
(ki)
Annual Energy Output 33.5 32.1 30.8
(Gwh)
- Primory (15.1) (15.2) (15.3)
Secondary (18.4) (16.9) (15.5)
2. Construction Cost
(mguss) 35,085 33,608 32,937
3. Annual Equivalent Benefit
(8) {103uUs$)
Capacity Benefit 570 478 an
Energy Beénefit 3,468 3,391 3,321
‘Primary (2,341) (2,356) (2,372)
- Secondary (1,127) (1,035) ( 949)
Total 4,038 3,869 3,732
4. Annual Equivalent Cost
{©) (103uss$)
Capital Recovery Cost 4,435 4,047 3,966
O & M Cost 455 436 427
Total 4,880 4,483 4,393
5. Benefit Cost Ratio )
(B)/(C) 0.83 0.86 0.85
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Table G~11" CASE STUDY OF PRAK OPERATION

((‘I‘—_4 WEIR; o, L
ESTUDIO DE OPERACIQN FICO
DERTVADORA T-4)

CCasé 1

N Case 2 Case 3
Storage Volume (10%m3) 95 95 95
Pesk Operation Time (hr) 5 B -7
Installed Capacity - 7,500 6,300 5,500
(kW) '
Anidal Enérgy Output 21.5 26.4 25.4
(Geh)
primary - {12.6) (12.7) " {12.8)
Secofdary - (14.9) (13.7 - (12.6)
2. Construction Cost o . o
(103us$) : 29,867 . 28,610 28,038
3. Anwal Bguivalent Benef it
(B) (10°Us$)
Capacity Benefit -497 418 365
Energy Benefit 2,866 2,808 . 2,756
Primary (1,953) (1,969) - (1,984)
Secondary { 913) ( 839) ( 772)
Total 13,363 3,226 3,121
4. Annual Equivalent Cost
© (10%us$) -
Capital Recovery Cost 3,596 3,445 3,376
O & M Cost 387 372 36
Total 3,983 3,817 . 3,737
5. Benefit Cost Ratio )
(8)/(C) 0.84 0.85

-0.84
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Table G—12(1) CASE STUDY OF PEAK OPERATION
. V-3 WRIR WITH El, TORITO DAM
~ (ESTUDIO DE OPERACION PICO (V-3)
"COMBINACIOH CON LA PRESA EL TORITO0)

Case 1 Case 2 Case 3
Storage Volucm (103w 3) ' 169 169 163
Peak Operation Tire ‘ 5 6 7
1. Power Generation _
Installed Capacity 10,500 8,800 7,500
) | -
Annuat Energy Output: B 40.9 39.7 37.9
Gy
Primary o (18.1) (13.9) (18.8)
Secondary o (22.8) (20.8) (19.0)
2. Construction Cost 26,544 25,770 25,234
(103 us$)
3. Annual E’t;uivalenl: Benef fit
(B) (10% us$)
Cana01ty Benefit B 694 582 496
Energy Beneflt - 4,340 4,347 4,221
Primary : ' (2,943) (3,073) (3,057}
Secordary o (1,397) (1,744) {1,164)
Total S 5,034 4,922 4,16
4. Annual Bguivalent Oost
©@ (o’ usy
Capital Recovery Cost 3,196 3,103 3,039
-0 & M Qost R 133 129 126
. Total - 3,329 3,232 3,165

5. penefit Cost Ratio o |
(B}Y/(C) . , 1.51 1.52 1.49
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Table G-12(2) CASE STUDY OF PEAK OPERATION

V-3 WRIR WITH EL TORVIO WEIR

(ESTUDIO DE OPERACION PICO (V-3)
COMBINACION CON LA DERIVADORA EL TORITO)

. Case 1 Case 2 Case 3
Storage Volume 0%y 149 149 149
Peak Overation Time (hr) 5 6 7
1. Power Generation o o
Installed Capacity 9,000 7,700 6,700
(kW)
Anmual Energy Output 36.8 35.4 34.0
(G}
Primary (16.0)  (16.4)  (16.6)
Seoondary (20.8) {(19.0) (17.4)
2. Construction Cost 20,832 19,331 19,082
(10°us9)
3. Annval Eguivalent Benefit
®  (107uss) .
Capacity Benefit | 416 356 - 310
Energy Benefit 2,489 2,488 2,469
Primary (1,925} (1,973) (1,997}
Secondary (564) (515) (472)
Total 2,905 2,844 2,779
4. AMmal Equivalent Cost
©  (0us$) |
Capital Recovery Cost 2,509 2,328 2,298
O & M Cost 261 250 - 243
Total 2,770 2,518 2,541

5. Benefit Cost Ratio Co
{B)/(C) 1.05 .10 - 1.09
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Table G-13 QOST QOMPARISON OF GRAVITY DAM

AND ROCKFILL DAM

{COMPARACION DEL, TIPQ DE LA PRESA)

Gravity D Fill Type Dan

) ('xgst Cost

tiork Ttem _ 10%us$ 103uss

1. Cofferdam EX. 350 33 <. 5,000 103
Con. 830 Fa. 8,000

2. pDiversjon Tunnel Ex. 11,100 660 Ex. 43,500 2,580
Con. 2,500 Con. 9,700

3. roundation Treatment 1..S 4,330 L.S 3,320
4, Main Dam Ex. 65,000 16,330 Fx. 79,000

" Con.133,000 B0.363,000 5,110

5. Spillway - Ex.122,100 1,930
Con. 13,000

Total 21,403 13,043

Note: Bx, : Excavation volume (m3)

. ¢ Brbankment volume (m3)
Con. Concrete vohwe (m3)

Spillway cost of gravity dam is included in main dam cost.



G- 42

Table G-14°  DETERMINATION OF SLOPR GRADIENT FOR
ROCK_AVD RENDOM MATERIAL ZCNE
(PENDIENTES DE LA PRESA DETERMINADAS POR
EL ANALISIS DE FSTABILIDAD)

Cradient _ Safety Factor
S Random Material _
Rock Zone Zone Normal Seismic

Upstream Slope 1:2.7 Co12.1 2,174 .82
' T 1:2.0 2.176 1.188

1:1.9 2.179 1.194

1:1,8% 2,183 © 1,200

pownstrean Slope 1:1.9 1:1.5 1.670 1.194
1:1.4% -1.688 1.206

Note: Values with asterisk are adopted to the design.
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