These alignment and diameter of penstock is discussed later in detail in the second

screening study to seck best configuration.

Thickness of the steel conduct is estimated based on the assumption that allowable
strength of steel is 120 MPa and the maximum pressure rise is 25 % of static gross head.

3.3.3 Powerhouse

Surface type powerhouse with two generating units was considered. From the’
head and plant discharge under study, vertical shaft Francis type turbine was selected.
Dimensions of turbine and generator as well as powerhouse dimensions were es_timat'ed by
empirical data. Fig. VIL3.11 shows typicallla}fom of the powerhouse.

Finished level of ground in the powerhouse yard was setat EL. 215 m which is the
same level as the water level estimated for tl_ie 10,000-vear flood.

3.3.4 Designed Principal Features

Principal dimensions and capacities of major project components designed are
listed in Table VII1.3,2.

3.4  Energy Generation Study
_3.4.1 General

ELETROBRAS'S criteria defines that the firm energy of a power plant is the
incremental firm energy of the power system to which the pldnt is connected. Such firm
energy can be computed by the generation simulation analysis of the system under {wo
system conditions; with and without the power plants at issue.

The Salto Pildo power plant will be connected 1o the integrated South/Southeast
power system. Capacity of the plant is not so large as it affects significantly to system
op’eraiion,- which is less than 0.5 % of the system's total energy production capacity.
Accordingly, it is considered that the energy'produced by the Salto Pildo can be absorbed
completely by the éystem without surplus and further that the system analysis can be
replaced with an indeépendent generation analysis which discards the effect of system load.
In order to evaluate the effect of the systém, CELESC carried out the system analysis for the
Salto Pildo based on the monthly discharge data using the computer simulation program;
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MSUI, which was dcveloped by ELETROBRAS The analysis was made on 2. cases; one
is the Salto. Pnlao ‘with connection to the sysiem and another is the Salm Pﬂao without
connection to the system The analys:s result on the scheme of dam ams B (FSL=319m)is

as follows:
Salto Pilao with System  Salto Pildo without System

Max.Piant ~ Instalied Firm Second Firm Second
Discharge Capacity Energy Energy Energy "~ Energy Ratio
(cms) _(MW) MWy) MWy} (MWy) MWyY) :
_ A : B R RV
- 30 50.7 ' 43 2 ' 43.0 1.0 1.000
60 102.0 78 5 714 4.0 0,992

90 154.0 99 7 979 7.0 0.989 -

9 1093 8.0 1.003

105 180.3 - 109

As shown' in this table, the influence of the 'Salro Pildo to the system is very small
and negligible, Therefore simulation of power gcnerduon in this study 19 made by the
independent generanon analysis without taklng into account the mf]uence of systcm s load.

Energy production of the project wis computed by the ind'epen'dem simulation

using the daily discharge series for 50 years from 1941 1o 1990. For the plan formulation,

the simulation was made appl;ﬂng the dischargé given at an interval of 1 % of the entire time
length on the discharge duration curve for each critical and long term period. '

3.4.2 Effective Head

Effective head at turbine was calculated by deducting loss of head in watérway
during opcrauon from the static gross head. Reservoir level o compute the static head was
set at middie of FSL and MOL or at flood surcharge level when spilling out. The loss of

head is approximated by :

Hs max = L1/650 + L”/I 50+ L”x/]()()() +Hj
Hs (Q/Qmax) Hs max-
where, Hsmax -; total loss of head at Qmax
Hs ; loss of head at Q
Ll ; length of headrace tunnel
L2 ; length of penstock
L3 - ; length of tailrace '
Hj loss at intake, desanding basin and draft tube _
outlet (0.1 m) + loss at turbine inlet valvc (0.5 m)
Qmax ; maximum plant discharge
Q » arbitrary plant discharge

il
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The length of the headrace tunnel between the desanding basin and the surge ank
varies with the location of damsite; L1 is 6100 m for the axis B, 5980 m for the axis C and
5620 m for the axis D. Lengths of the penstock and the tailrace are estimated at 450 m and

50 m, respectively.

Tailwater level varies with rifer flow discharge at the powerhouse site. Its daily
discharge in this study is approximated by assuming that run-off originating from the sub-
basin between the damsite and the poWerhousé equals 60 % of the natural daily discharge of
damsite since ratio between catchment areas of the damsite and powerhouse site is
approximately 1: 1.6. The discharge at powerhouse site (Qt) is calculated by :

Q = Qs+Qr+Qb+Q

where, Qs : spillage from dam
+ - river maintenance flow (=7.2 cms)

Qb :  sub-basin run-off

Qp : turbine discharge

| Design tailwater level 1o decide the maximum plant capacity was obtained by
replacing with; Qs = 0, Qb = 0.6Qmax and Qt = Qmax. The stage-discharge rating curve at
the tailrace is shown in ANNEX IIL

3.4.3 Efficiency of Turbine and Generator
Combined efficiency of turbine and generator varies with unit capacity of plant and

peration load coefficient. The efficiency is approximated by the following equation for the
unit capacity of 20 to 100 MW of which operation head is 170 10 220 m;

F = 0.000283 « (P-60) - 0.5928 « A2 + 1.0035 » A + 0.482
A =Q- H/(Qmax * Hd) _
where, F combined efﬁc:ency
P -installed capacity of one unit (MW)
Q arbitrary plant discharge (cms)
CQmax max. plant discharge (cms)
H effective head ata (m)
Hd design effective head (m)

3.4.4 Power Outpu!

Output of lhe power plant is calcuiated by :

P=Q+H-F- g
where, P power output (kW)
Q : turbine discharge (cms)
H effective head (m)
F combined efficiency of generator and turbine
g acceleration of gravity (=9.8m/sec?)
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Installcd capacxty of the plant (Pma:\) is thus given by; Pmax = Qma). ’ Hd Fd o
g, whcrc Fd is dest gn efficiency at full capacity operation. The installed capacxty of each
alternative opnon is shown in Table- VIL3.1.

3.4.._5_ Eﬁergy Qutput

Power generation was simulated on each alternative option utilizing the two daily
discharge duranon curves; one for the critical period to estimate the firm energy and another
for the long term’ penod 1o estimate the secondary energy. The computed power outputs in
respect of two different generation modes; with and without daily regulation, are illustrated
in Fig. VIL3.12 in which the case B319 withow regulation and the case C315 with
regulation are ‘shown as typm'il output pattern. By this simulation, possibly explouable
energy of the prq;ect was obtained.

Effectlve firm and secondary energies were then compmed from the poss:ble '
_encrgles by deductmg meffecuve energies not exploxtable due to plant stoppage as stated in
Section 2.7. The effective firm and secondary energies computed for each case are shown
in Table VI1.3.3 and summarized below for typical cases. '

Max.Plant Instatled Firm -Second.

Discharge Capacity Energy Encrgy
Case {cms) (MW) (MWy) MWy
B319-1 30 50.6 39.99 213
3 60 102.0 61.03 6.82
5 90 ©154.0 4.00 1212
6 105 _ 180.2 78.33 Co14.22
B324-1 30 * 52.0 41,13 2.15
K) 60 ® 104.6 63.35 - 6.77
5 90 * 158.0 78.29 11.53
6 . 105 ® 185.0 - ®4.01 13.45
C3101 30 48.3 18.17 2.03
3 60 97.3 58.26 . 6.50
5 90 146.8 70.62 11.55
6 105 1718 74.74 13.55
C315-1 30 ® 45.6 : 39.31 2.05
3 60 * 09,9 60.53 6.46
5 90 . 150.9 7475 11.00
[ 195 - = 176.6 50.19 12,83
D305 1 30 . 47.2 37.25 1.98
3 60 i 94.4 56.82 6.35
5 90 143.2 68.86 11.27
6 105 . 167.6 72.86 13.22
D310-1 30 * 48.5 38.39 2.01
3 60 * 97.6 39.10 6.31
5 90 * 147.3 73.00 10.74
6 105 * 172.2 78.21 12,53

* : With daily regulation
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3.5 Costs of Alternative Options
3.5.1 Investment Cost

Investment cost (project construction cost) of each alternative was estimated in
accordance with the ELETROBRAS's standard format of which main caiegories are as Iist

below :
Item No. Title Works
10 Land and Facilities Land acquisition and relocation
11 Structures and Other Powerhouse
Improvement
12 Reservoir, Dam & Waterway Reservoir, diversion, dam,
: spillway, intake, headrace,
surge tank,.penstock, tailrace
N and environmental measures
13 Turbines and Generators Turbine, generator, draft gate
14 Accessory Electrical Electric accessory
Equipment _
15 Other Equipment of OH crane & others
Powerhouse
16 Access Road/Railway/Bridge New road, railway & bridge
17 Indirect Cost Construction camp,
_ engineering and administration
18  Interest during Construction

Price basis for this estimation is the prices at December 1992, Exchange rates at
that time is 1 US$ = 11,163.33 Cruzeiros, or 1 US$ = 120 Japanese Yen.

Direct costs of works in the items 10 10 16 are estimated based on unit prices and
‘quantities estimated for fnajor work items. The unit prices of major work items are as listed
in'Table VIL.3:4. These prices were based on cost data of recent hydropower projects in
the South region of Brazil. Cost for physical, biotic and social environment measures was
included in the item 12. Physical contingency; 15 % of the direct cost, was added to every
sub-item except for the indirect cost. The indirect cost of the item 17 was estimated by
assuming that such cost is proportional to the sum of direct costs. The rate of 29 % was
applied to this estimate, which is close to the average of rates used for similar projects in

Brazil,
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Interest during construction was computed applying annual rate of 10 %.
Construction period from beginning of tend_cfing to commissioning of power plant was
assumed to be 4 years. Cost disbursement assumed is 20 % in each first and fourth year
and 30 % in each second and third year.

Estimated investment cost of every alternative scheme is listed in Table VII.3.5.

The costs initially estimated in the interim report were thoroughly 'rcvi_e.y;vc'd and modified

~after clarification by ELETROBRAS on the cost estimation criteria. Table VIL3.5 shows
the modified costs. '

3.5.2 Cost of Operation and Maintenance
Annual cost for operation and maintenance of the Project after commissioning was

estimated by the following equation which was derived by ELETROBRAS in 1993 from
operation records in Brazil;

COM=A+PB . : |
Where, COM  : annual O & M cost (US$/kKW/year)
P ¢ installed capacity (MW)
Aand B: coefficients variable with plant capacity as shown
' below,
P (MW) A B .
Less than 146.71 124.28 -0.61

146.71 or more - 11.43 - -0.1281
3.6 Optimization of Dam Site and FSL
3.6.1 Procedure

Based on the ELETROBRAS's criteria as stated in Section 2.7, the dam site and
the full supply level (FSL) were optimized so as to maximize the net benefit. The-
optimization was made in the following three steps; |

Step 1: Tcntative:selecﬁori of optimal plant discharge for each combination of
damsite and FSL. : :

Step2: Selection of optimal FSL for each damsite applying the selected optimal
plant discharge.

Step 3:  Selection of optimal damsite
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The scale of development or installed capacity of power plant will be optimized in

the second screening.
3.6.2 Tentative Selection of Optimal Plant Discharge

In order to seek the most economical scale of each alternative scheme, the six cases
of discharge for power generation (30, 45, 60, 75, 90 and 105 cms), are tentatively
screened by comparing their benefits and costs. The benefit is estimated from the cdmputed
amount of firm energy and the reference cost of firm energy; 51 US$/MWh.

* This optimization is made by comparison of the incrémental benefit (AB) and the
incremental cost (AC) since the net benefit is maximized at the point where AB becomes
equal to AC. Besides, the optimum discharge is selected at the point where the value of
AB_/AC' is still higher than and clo_seSt to 1.0.

The computations of AB and AC are shown as Table VII 3.6 and the results are

summarized below.

DamaxisB =~ = ' : - (AC and AB in US$ million)
Max Case B319 _ Case B324
Plant .
Disch. AC . AB ABAC AC AB. ABAC AC AB  AB/AC
{cms) . '
60 : - : i : - ' . -
75 268 3Ll 116 284 360 127
00 263 263 LO0 279 301 108
105 242 191099 274 253 092
Dam axis C _
Max Case C310 Case C315 Case C319
Plant ' : '
 Disch. . AC AB ABAC AC AB  AB/AC . AC  AB  AB/AC
{crns)
60 3 . ; ) )
75 265 297 112 271 M3 127 . 269 351 130
© 90 242 251 L04 245 287 L17 249 293 118
105 240 182 0.6 245 241 0.99 245 247 101
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Dam axis D

Max - Case D305 - - Case D310 ' CaseD3IS
Plant - ' N ' T . S
Disch, AC  AB  AB/AC AC AR ABAC  AC ~ AB  ABAC
{cms) : _
60 - . - ‘- . . . - : - - . -
75 237 289 122 260 335 129 60 344 132
90 234 244 104 241 280 LI6 . 235 288  1.22
105 232 177 016 240 .235 098 235 242 103

Since the net benefit reaches the maximum when AB/AC = 1.0 and the devélopmcm
scale is chosen at the point where AB/AC is larger than 1.0, the plant discharge of 90 cms is
the optimal discharge for almost all cases e:«:épt' for the cases C319 and D315.
Accordingly, the discharge of 90 cms were tentatively selected for'o.ptimizatidn of damsite
and FSL. ' '

3.6.3 Optimal Full S.upply Level

In order to seek the optimal full supply level (FSL) at each damsite; reservoir level
was varied at 2 or 3 m steps and concurrent variation of cost and benefit were studied. The
cost in respect of the intermediate reservoir level other than those selected initially as the
alternative options were estimated by interpolation while thcir benefits were computed from
supplemental analysis of power generation. The plant discharge was fixed at 90 cms as
selected above. ' '

In selecting the optimal FSL, possibility of daily regulation is one of major
concerns. If the FSL is high cnoﬁgh to provide sufficient reservoir volume for daily
regulation, plant operation can be continued by using stored water even though the reservoir
inflow rate is lower than the restricted minimum plant di'schafgc. The optimal FSL is
therefore selected for the respective cases; "with” and "without" regulation.

In the case of "with regulation”, sedimcnt'de'posit in the reservoir has to be
removed periodically to keep storage volume require"d. Volume of the annual average
deposit was estimated at about 120,000 m3 as stated in Section 3.2.5. Unit cost of the

' dredging including disposal of the dredged silt 1o spoiling area; 2 1o 3 km from the dam,
was estimated at 9 US$/m3 on the basis of dredging cost at Blumenan. '

Volume of sediment deposition will vary year by year because sediment flow
depends mainly on amount of flood discharge and its frequency. [f a large flood occurred,

VI - 28



its sediment ylcid may reach several folds of the average annual volume. Accordingly, in
the case of daily regulation, storage space below the minimum operation level (MOL) needs
sufficient volume larger than those of no regulation. _In this study, a dead'storage space of
‘at least 1 million m3 is provided in‘the reservoir below MOL. for the case of regulation. The
Jowest limit of FSL for regdlation was therefore set at 324.0 m for the axis B, 315 m for the
axis C and 310 m for the axis D. '

Cost and benefit of each FSL. option is calculated in Table VIL3.7 and the result is

summarized below:

Without Regulation . With Regulation

Energy ~ Net Energy Net
. Cost Benefit  Benelit Cost Benefit  Benefit
Dam FSL c B B-C c B B-C
Axis m) _ (SM) (SM) (SM) (SM) (SM) (SM)
319 2274 3403 1129
B 322 2383 3456  107.3
* 324 2457 3491 1034 - 2565 3587 1022
210 2297 3248 95.1
_ 313 2393 3300 90.8 : .
C 315 2456 3326 87.1 256.3 342.5 862
317 ' 263.5  346.2 82.8
319 - . 270.5 349.9 79.4
305 2299 3167 - 868
307 2357 3201 844
D 310 245.1 - 3257 80.7 2558 3345 18.6
313 ' 265.4 339.9 74.4
_ 315 ' "272.0 343.5 715

$M : USS$ million * o Max.limit of FSL

As seen in this table, raising of FSL results in dccrease of the net benefit in both
_cases of "with" and "without" regulation. This means that Jower dam is more economical,
In additdon to ;his economical advantage, the lower dam can minimize impacts to natural
environment caused by implementation of the project. The optimal FSL for each damsite
was thus selected as follows: |

Pam Optimal FSL (m) .

Axis Without Regulation With Regulation
B 319 324
C 310 315
D _ 305 310
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3.6.4 Optimal Damsite

The three damsite options; axis B, C and D, were evaluated on both technical and
economical points of view. Major dimensions and features of each damsite option are
shown in Table I11.3.8. Technical advantage or disadvantage of each option is-as follows:

lggqngQjI '

The dam axis B is located on the uppermost site and its reservoir level is highest
among the three options. Natural drop of river level from the beginning point of cascades to
powcrho_usc site is'almost fully utilized for power generation in the case of axis B.

F:g VIL3, 13 shows the reservoir mbmercence area of each opuon Reservmr
size is qune small and most part of the reservoir is put in the existing river channel.

The resort complex (Paraiso Comping) is locdied approximately 1 km upstream of
“the ax15 B. Submergence problem of this resort area has once been argued in the previous

pre-feasibility study (1991) and the reservoir far apart from the resort area has been

proposed. In the present study, CELESC carried out leveling survey of low land in the

resort area and confinned that the present normal water level at the river margin in the resort

area is 319 m in elevation and the FSL lower than 319 m does not affect the resort area.

The reservoir of higher FSL intrudes into the resort area and submcrges resort
facilities. In case of the highest FSL 324 m, most part of low land in the resort area is -
submergcd. However, by thc recent CELESC's investigation, it was revealed that the
submergence is permissible to the owner of the resort complex and consequent problem is
negotiable. Therefore, as far as the resort complex. there is no restriction to limit the FSL.,

Excepting the resort area, houses to be relocated for formation of reservoirm dam
and intake are only 3 for axis B, 8 for axis C and zero for axis D. Permanent residents are
only 2 families for either axis B or C and the other houses are recreational house.
Therefore, there is no significant difference in respect of resettlement problem among three
dam axis options.

: Tgpggraphig and Hydraunlic Aspects

Dam axis B is located at downstream end of relatively flat river channel. ' This is
advantageous in hydraulic aspects since the flow velocity in the reservoir is relative slow
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even in floods and water enters smoothly into the intake. The other axes C and D are
loca:ted on the way of relativeiy steep river channel, Flow in their reservoirs at flood time
has high velocity and rushes to dam and intake. This may cause damage on dam and intake.
Furthermore, slow velocity at the axis B facilitates river diversion works during
construction of dam. Therefore, the axis B is considered to be the best site among three
sites in respect of. topograph:c and hydraulic aspects.

Geologic Aspect

Hard granite is exposed on river bed at all sites. However, soil overburden is deep
on both abutments of all sites except right bank of the dam axis B where granite rock
appears within10m of depth The overburden is slightly permeablc and it is probably
susceptible to slide down if saturated by deep reservoir. Shallower reservoir is preferable to
minimize seepage through the overburden and avoid sliding. Approximate reservoir depth
is only 2 m for the axis B and 7 to 9 m for the other axes C and D. Therefore, the dam axis
B is considered to be best also in the geological aspects.

Economical Comparison

From Table of VIL3. 7, the pi’()jf:CI cost dnd the energy benefit on each damsite

option are given as follows

Without Regulation With Regulation

Unit Dam Axis Dam Axis
B C D B C D
Optimal FSL : m 319 310 305 3240 3150 3100
Minimum operation level m - - .- 3224 3130 3090
Max. plant discharge cms 90 90 90 90 S0 90
Instalied capacity - MW B 147 143 158 151 147
Firm energy : MWy 7400 7062 6886 7829 7475 730
Secondary energy MWy - 12127 1155 1127 11.53  11.00 10,74
Capiualized benefit  (B) USS mill. 3403 3248 3167 358.7 3425 3349
Consiruciion cost USS mill, 2182 2210 0 2213 2363 2365 2362
0O & M cost _ USS mill. 2 8.7 Bo6 20.2 19.8 19.6
Total cost (O USS mill, M4 2207 2299 2565 2563 2558
Net benefit (B-C)  USS mill. 2.9 05.1 86.8 1022 B6.2 18.7
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As seen in this table, the net benefu of the axis B is highest among three dam axis
opnons in either case of 'with" or wuhout" reﬂulduon

Selected Dam Site. |

Among the three dam site opnons the axis B is most advantageous in both
techmcal and economical aspects. The axis B was thus selected as the optimal dam site.

- 3.6.5 Possibility of Daily Regulatio_n

Peak power generation 1s preferable for ﬂemble operation of power network
cspccmlly for CELESC WhiCh does not. possess any pcak ﬂcnerauon plant. However, as a
-whole of the reglonal network (mtagrated South/Southcast systcm) from which CELESC
receives most of its required elecmcnty, there. are many reservoir type power pIants capable
of peak generanon Those plants are large in scale .md able to supply peak power with
relatively cheap price.

If the Salto Pildo projeét is planned for the peak generation, dam becomes larger
than that for non peak generation because reservoir has to have additional storage space for
discharge regulation. Such storage space has to be kept by periodical dredging of sediment
deposition. These push up the construction cost as well as operation cost and'consequent!y
result inhigh cost of generated energy. The table in the Section 3.6.4 indicates differences
of net benefit between both cases of "with” and “without” regulation. “The values for the
selected axis B are rewritten as follows:

Without With
_Regulation Reg;ilation Ratio

- (A) (B) (BY(A)
FSL m 319.0 324.0 -
Firm Energy MWy 74.0 78.29 1.058
Benefit US$mill  340.3 358.7 1053
Cost US$ mill 237.4 256.5 1.128
Net benefit US$ mill 112.9 1022 0.905

As seen in this table, the peak generation scheme with regulation pond is 12.8 %
higher in cost than the non-peak generation scheme while the amount of firm energy
increases by 5.8 %. Consequently, the net benefit goes down by 9.5 %. This means that
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the peak generation by the Salto Pilio project is not economical in comparison with the non-

peak generation scheme.

The Salto Pildo project is thus decided 10 be the pure base-load power station
without regulation pond. For this selection, the JICA team discussed with the CELESC's
engiricers who are responsible for operation of CELESC's power net work. They
expressed that system operation is not affected seriously even if the Salto Pildo is not
~ capable of peak generaﬁoh and the JICA team's conclusion is acceptable.

The finally selected scheme is the combination of the dam axis B with FSL of 319
~m which is not capable of daily regulation.
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4. - SECOND S.CREENI{NG FOR SELECTING INSTALLED CAPAC!TY
4.1 General

In the preceding Chapter 3, the optimal combination of the damsite and the full
supply level (FSL) was selected to be the dam axis B with FSL of 319.0 m. Daily
regulatioh caipability is notincluded in _this scheme. Development scale or installed capacity
of the selected scheme was studied in this second screening.

For the second scrf:ening', the'design of project com.pon'ems,' _cspécially of headrace
tunnel and penstock, of the selected scheme was thoroughly reviewed and their optimum
layout and dimensions were decided. This design réﬁning is 'de_tailéd in ANNEX VIII.

“Based on the refined design, power generation study and_ cost estimation were carried out on
the selected scheme with different installed capacities c'orrespond_ing to the 6 cases of the
maximum plant discharge of 30, 45, 60, 75, 90 and 105 cms. Thc_ _optimufn installed
cépacity was selected by economic compan'son of their costs and energy benefits and further
by engineering evaluation.

4.2 Refined Structural Design

Major refining in designs made after the first screening is described below:

Headrace Tunnel and Culvert

In the first screening, the diameter of tunnel and culvert was estimated by empirical
limit of maximum velocity of flow in power waterway; i.e., 2.5 m/fsec for the shotcrete-
lined section and 3.Sm/sec for concrete-lined section. These limits are reésonable when the
plant utilization factor is 60 to 70 %. The plant utilization factor (= effective energy /
installed capacity both in MW) varies with the installed capacity as shown below:

Max. Installed Plant Factor (93 of Case B319
Discharge Capacity : :
{cms) MW) Critical Period . Long Term
30 50.6 79 83
60 102.0 60 61
90 154.0 48 56
105 180.2 43 8
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The loss of head in waterway varies with its diameter and it relates to amount
of energy output of the power plant. Larger diameter results in lower head loss and
c'onsequeﬁtl}v in higher energy production while the conswruction cost also increases. The
most économical diameter is given at the point where the net benefit (= energy benefit-cost)
“becomes the maximum. According to the result of economic comparison made in ANNEX
V11, the optimal diameter for different plant discharges are as follows:

Max. Plant Shotcrete- ~ Concreie-

Discharge lines Tunnel lined Section*
{cms) D \% D V
30 4.4 : 2.0 3.6 3.0
60 5.4 2.6 4.3 4.1
30 5.8 3.4 4.8 5.0
105 5. 390 4.9 5.6
Remarks, D=0ptimal intgmal diameterin m

V=Maximum flow velocity in m/sec
*=including culvert and tunnel near surge tank _
By this optimization, it was revealed that the tunnel diameter considerably smaller
than that assumed in the first screening is economical. These reduced diameters are used in

this second screeing. .

Penstock

In the first screening, steel pipe penstock embedded in underground inclined shaft
was adopted and its diameter was computed by the maximum flow velocity of 6.0 m/sec.
For the second screening, the design of penstock was thoroughly reviewed in respect of
alignment, diameter and necessity of steel lining. The review study was based on economic
comparison and engineering justification as set out in ANNEX VIII. As the result, penstock
alignment was chahgcd to a vertical concrete-lined shaft without steel lining for upstream
section and a steel-lined horizontal tunnel for downstream part. The optimal diameter of
penstock was computed on each plant discharge by economic comparison on cost and
benefit. The selected optimal diameters are as follows:

Max. Plant Concrele-lined ) Stcel-lined

Discharge Penstock Penstock
{cms) D \Y D v
30 3.6 30 28 4.9
60 4.3 4.1 3.7 5.6
90 . 4.8 5.0 4.3 6.2
105 4.9 5.6 4.5 6.6

Remarks, D= Optimal internal diameter in m.
V= Maximum flow velocity in m/sec.
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4.3 Generation Study

By applymg thc structural: desxgns refined as above, the firm and secondary

' energms were computed again for the selectcd scheme of dam axis B with FSL of 319 m.

Thc mcthod of this. generation simulation is the same as stated in Section 3.4. Bemdes

since the diameter of waterway tunnel and pcnstock was cons:derably changed to smaller

size in the design ref:mng, effective water head for power generation was compuied again
for every case of the plant discharges; 30, 45, 60. 75, 90 and 105 cms.

Efficiencies of turbine and generator were also reviewed and modified taking into
account the re-estimated effective heads and plant capamneq Two-unit plant configuration
‘was adopted also in this study. The compuled effective heads and plant capacities are listed

below:
. Max. Plan Discharge (cms) _
S _ 30 45 60 75 90 . 105

1) Reservoir FSL m) . 3190 3190 3190 . 3190 3190 3190
2) Tailwater level * m 1109 1Ll 112 1114 HLS 1117
3) Gross Static head (m) 208.1 207.9 207.8 207.6 207:5 207.2
4) Average plant disch,** {cms) 25.4 KEW 0.6 45.7 499 539
5) Lossof head , Max.  (m) 15.8 19.7 22.0 26.5 282 32.8
. Average {(m) 11.4 1.3 10.1 9.8 8.7 3.6
© 6) Effective head, Max.  (m) 192.8 188.2 185.8 181.1 179.3 174.5
© JAverage (m) (1967 1966 1978 1982 1991 1993
7) Combined efficiency* 0.88s5 - 0.898 ().892 0.895 .0.898 0.901
8) Installed capacity (MW) C50.,0° 73.8 974 119.2 1420 1618
$) Number of units . 2 2 2 2 ran 2
(10) Unit Capacity - (MW) 6.9 48.7 59.6 71.0 80.9

*: at full capacity operation
**: in critical period

The generation simulation was made by applying the duration curves of two daily

discharge series of critical and long term periods as mentioned in Subsection 3.4.1. The
effective firm and secondary energies compmc,d are as follows:
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_ Max. Plant Discharge (cms) .
“Effective Encrgy 30 45 60 75 90 105

Firm energy MWy) 38.09 50.16 5907 65.14 70.51 74.35
Secondary energy  (MWy) 2.01 3.94 6.39 8.45 11.03 1245

4.4 Cost Estimation

~ Investment cost of each case was re-estimated by applying the same criteria as
mentioned in Section 3.5, Besides, unit costs of civil works as well as electrical/mechanical
equipment were thoroughly reviewed on the basis of work quantities calculated on the
refined design. The estimated investment cost of each case is shown in Table VIL4.1 and
summarized below:

Unit: Million USS

“Max. Plant Discharge (cms)

Item No.  Cost fiems - 30 a5 60 75 90 105
10t016 . Dircct cost 75.3 942 1114 1249 1374 1491
17 CIndirectcost 218 27.3 323 362 398 433
Sub-total : - 97.1 1215 1437 16L1 1772 1924
18 Interest during construction 209 26.2 31.0 34.8 383 41.5

Total 118.1° 147.7 174.3 195.9 215.5 2339

{December 1992 price level)
Annual cost for operation and maintenance after commissioning of the project was
estimated by the equation given in Section 3.5.2 and the result is tabulated below:

Unit: Million USS
Max. Plant Discharge (cms)

30 45 0 15 90 105
Amountof O & M cost (.57 0.67 0.74 0.80 (.86 0.96

4.5  Optimization of Development Scale
Net Benefit

Dev'elopment's'cale_of power project is expressed by its installed capacity. The
optimal installed capacity was selected so as to maximize the net benefit. The cost and

energy benefit estimated for évery case of the plant discharge are tabulated below:
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: A o Capitalized _
Max Pani Installed ‘Capitalized Cost . Emecrgy - Net

Discharge - Capacity L (Ml USS) - ' Benefit . Beneft
{cms) (MW) Investment O&M Toal (MillLUSS) (Mill, USS)
R . _ _C B B-C
30 500 . 1181 5.7 1238 170.8 47.0
45 738 147.8 6.6 ©154.5 226.3 71.9
60 97.4 1747 7.3 1820 . . 2683 86.3
75 119.2 195.9 8.0 203.9 297.3 93.4
90 142.0 2155 85 . 2240 3238 998
105 618 2339 9.6 243.5 3422 98.7

L A_ccordin.g to an increasing tendency of the above net benefits, the maximum net
benefit will be gained at a plant discharge between 90 and 105 cms or at a plant capacity
between 142 and 162 MW.

Mean Cost of Generation

The generation cost to evaluate the competitiveness of power project is obtained by
the equation shown in (7) of Section 2.7, The generation cost of each case was computed
by applymg the two reference costs; 51 US$/MWh of firm energy and 11. 97 US$/MWh of
secondary energy. The result is as follows

Max. Plany Discharge Installed Capacity Mean Cost of Generation

(cms) (MW ~ (USS/MWHh)
30 . 500 6.8
4 - 73.8 N '
60 97.4 342
75 SRRICE: 34.5
90 20 347
105 161.8 357

Optimal Installed Capacity

The above comparison of the net benefit Suggests that the optimal installed capacity
falls between 142 and 162 MW, However, the lowest generation cost is obtained by the
installed capacity of around 100 MW. The gehcmlion cost “radddlly increases with the scale
of plant and its 1ncxeasmg rate becomes bigger in the range over 142 MW. This means that
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larger plant is lower in its competitiveness. The plant capacity of 142 MW was thus adopted

as the optimal instatled capacity for the Salto Pilao project.

4.6 Optimal Development Scheme

Rased on the results of the first and second screening, the following scheme was -

finally selected as the optimal scheme;

Dam site:
Reservoir ,

r

r

¥

Full supply level (FSL)

Volume at FSL
Area at FSL .

Regulation storage

Dam, Crest level, Concrete section
Dam, Crest level, Embankment

Spiliway , Discharge capacity
. ‘Overflow width
Intake ,  Design max. discharge
Headrace ,  Culven, type:
,  Culvert, diameter x len ath
,  Tunnel, type:
, Tunnel, length:
, Tunnel, _diameter:
Surge tank, Type:
Pénstock, Type:

Penstock, diameter x length x nos.

Powerhéus_c, Type:

Generating Equipment

» Number of units:

+ Maximum discharge:
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“Axis B

EL.319.0m

280.000 m3 -
16 ha

Non

EL.3250m

EL. 326.0 m

5,300 cms

200.m

90 cms

Circular Concrete
48mx404m,58mx 50m
Horseshoe shape shotcrete-lined
tunnel (partially, concrete-lined
circular tunnel)

5.637 m

5.8 m (partially 4.8 m)
Cylinder type

Vertical concrete-lined shaft in
upstream section and horizontal
steel-lined tunnel in downstream
section

4.8 mx264.4mx1 no.
43mx292mx 1no.
25mx 31.5mx 2 nos.
Ordinary surface type concrete
building

4

90 cms for 2 units



+ Rated head 1793 m
» Installed capacity 142 MW (=2 x 71 MW)
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Table VIL3.1" List of Alternative Options for First Screening

Max anum Reservoir Lavel Reserveir Volume Tail | Stavic | Rated | Rated Dmgn. Nos
Dam | Plant | Drawe Water | Gross | Head | Effect. [Efficiend Installed | of | Unit
Caso No.| Awis | Discharge| PSL | MOL | Down | FSL | MOL | Active| Level | Head | Loss | Head | cy | Capacity] Unit [Capacily
{cms) | (m) {mn) {m) | (ICM)| (TCM) [ (TCM) | {m) (my | fm) | (my W) (MW)
B31%-1| B 30{ ej ;9| o 280] 280 0| 11091 20809 1298/ 19511} 0883  s06| 2 | 2530
2| as{ M9 219 of 2s0] 280 o 11.07| 20793} 1298) 19494 0887 62| 2 | 3810
3 60) 3] 319 o] 2s0] 280 o| 5| 20077| 1298 rea70l oave| 10z0f 2 | $100
4 5| 319 A9 of 2s0f 280 of 111.38] 207.62 1298 194.63; 0894] 1279 2 | 6395
5 9ol a1s 319 0| 280] 280 o| 11133 20747 1298} 19448} o089 1340 2 [ 77.00
6 105] - 319 39 0 280]. 280 0] 15167 207.33] 12.98] 19434) 0901 1802 2 ] %010
Baz-1| B “a0l  o324] 32338 048] 1473 13430 1300 11091 213.09] 12980 20011 0.883)  s20p 2 ] 2600
2 as! 324323340 06| 1473 1279 194) 111.07] 21293 12.98) 199.94] 0887|782 2 | 3900
3 6o 32af 323.01) 089 1e73] 1214f 259) 11123 1277 12.95] 199.79] 0891 1046 27| 5230
4 25l azal 322880 it 1473 a4op  324] 111.38] 212.62) 1298] 199.63 0.894 1303 2 | 6550
5 9ol  32¢| 32267] 133] 1473 1084] 389) 111.53] 21247) 12.98] 199.48] 0.898 1580 2 | 79.00
- 6 10s] 324 3z2.4s]  1ss] 1a473] nois. asal inie7| 21233 1298 199.34] os02] 1ssof 2 | vzso
o3} ¢ ] 310] 310 o| eo0] 600 of 11091] 199.09 12.80] 186.29] 0.883] 483 2 | 2415
2 as| 30l 30| o eto] 600 o 111.07] 19893 1250} 186.131 0886 727[ 2 | 2635
3 6 30 30] o 0 600 of 111.23) 19877 12.80] 18597 0889 973 2 | <ses
4 750 30] 340 o &0] 600 of 11138 19862 12.80] 155.82) ose3| 1220} 2 | er00
5 90] 310} 310 o &00] 600 of 111.53) 198.47] 12.80] 18567] 0.896| 14680 2 | 7340
.6 105] 30|  mo| o eo] 00 of 1t1.67] 19833 1280] 185.53] 0900 1718] 2 | 8590
ons- 1 C 30l 31| 31428] o2l 1449 1319) - 130] 11091] 204.09) 1280 191.29] 0.883| 496 2 | 24.80
2 4s] © 315] 31408 . 094] 1.249] 1258 1s4| 1:1.07] 20393 1230 19003 o.mss| 74T} 2 | 3735
3 60]  315] 31374) 126 1.449] 1190  2%9| 111.23] 200.77) t2.80f 19097 o.80| 999l 2 | 4995
4 75 a1 31340] 160| rass] ni2s| 32| 11138) 203.62) 1280f 19082 0893 1253 2 | 6265
s o] 315] 3130|196 1449 roso| 3ms| 1183 203.47] 1250} 19067] 0897 1509 2 | 7545
6 1050 31s|-312.68] 232 1.449]  995|  4s4] 1t1.67] 20333 12.80f 190.53) 0901 1766 2 | 8830
cng-1| ¢ 0] - 319] 31855 045 2457 2327 130] 11051) 20809 12800 19526) 0883 507 2 | 2535
2 asi. o] 318320 oss| 2459 2263 194) 101.07] 20793] 1280) 19503 0887  763[ 2 | 3815
3 6] 3o 31809 051 2457 2198 259] 11L.23| 207.77) 1250 19497 0890 2020( 2 | 35100
4 75| 319f azes| 1as| 247 2133)  32¢] 1113s) 207.62) 1280] 10a82] 094|120 2 | edo0
s 90| 319 317.60| 1.40| 2457 2068] 389} 11L53| 207.47| 12.¥0| 194.67| 0898[ 1544f 2 | 7705
$ w0s{ 319l 317.35)  1.68] 2457 2003 454] 111.67) 20733 12.60] 319453 0.901) 1804| 2 | 90.20
D30s- & o 30 305 ’;lOS 0] ‘1,150] L1350, ol 110.91] 194.09] 12.25 181.85| (O.8R2 47.2] 2 23.60
2 as| 30| 303 o 1,150 1150 of 111.07] 193.93) 12.25| 151.68] o886l T0[ 2 | 3550
3 60j  30] 305 o| 1.150] 1.150 of 1123} 19377 1225 181.52| ossel  9aof 2 b 4745
4 5], es| 308 o 1150 1150 of 1ivasl 19362 12250 18137 o893 g0 2§ 5950
s o0 305 308 o 1,150 1,150 of 111.53) 193.47] 1225 18022 0896 1432] 2 | 7160
6 105] 305! 305 o] 1150} 1,150 o] tr167] 193.33) 12.25] 8108 0899 167.6] 2 | 8380
D310-t | D 0] 310 309.68]  031] 2804] 2674 . 130| 11091] 19909 1225 186850 o883  ams[ 2 | 2425
.2 as|  310] 30953 047 2804) 2610 19a] 111.07] 198.93) 12.25] 186.68 0.586 729 2 36.45
3 60)  310{'309.37| 063 2804 2545| 250| 111.23f 19877) 12.25] 18652 0890 976 2 | 4830
4l 75| 310 30921 - 079 2.804] 2480 324] 111.38) 198.62) 1225 18637} 0.893 3| 2 | 6t1s
5 90!  310] 109.04| 096 2804f 2415 3se| 11153 10847 1228] 18622] o089 173 2 | nes
N 105 310f 30887 1a3] 2804l 23s0]  asel 111.67) 19833 1225 18608 o500l 1723] 2z | 8615
n3s- 1| D 30] 5] 31475 028 s218f s081]  130] 11091 204.09) 12.25| 19185 0833 498 2 | 2490
2 as| " 315| 31462) 038 sont| so17| | 194] 111.07] 20393 12.25] 19068 0886 a9 2 | 3745
3 ol 315 31aas] osi| sauy| assa] 23| 11123 20397 1225 19152 ocssof 1002 2 | soao
4 75| 315 31a36| o0ea] s2n| aser] 324 11138] 203.62|. 1225 19137 0894 1257 2 | e28s
3 ool 15| maas| om| sa| as2] 3s9| 11083] 200.49 1225 19122 08| s3] 2 | 7565
6 1050 sl 31a01] o089l s2nn| 47510 as4] 11167) 20333 1225 191.08) 0901} 177.a| 2 | B8.SS

Notz: FSL = Full Supply Level
MOL = Minimum Water Level
TCM = Thousand cubic meter




Table VI1.3.2 Principal Featurcs of'A!'te;miativc Scheme (1/8) - Dam Axis B

o Unit B319-30 " B319-45 B119-60 - B31%-75 B3G90 B319-10%
HYDROTOWER GENERATION ] o :
Full Supply Level (F5L) masl 3190 3190 319.0 319.0 319.0 3190
Minimum Opersting Level . masi 3190 319.0 319.0 3190 3190 319.0
Maximum Plant Discharge mise 30 45 60 . . 75 %0 105
 Inatalled Capacity MW 50.7 76.2 102 - 1219 154 180.3°
PROJECT COMPONENTS ‘
Ponlage srea ha 215 2.5 25 285 218 21.5
Active storngs MCM 0 0 [+ 0 0 0
Total storage MCM 0.28 0.28 0.28 0.28° 0,28 0.28
Dam iype . _ Relex CG. cG. CG. CG. C.G.
Crest elevation o_f_non-ovcrﬁéw section iasl 325.2 325.2 ) - 325.2 325.2 325.2 3252
Dam - height x length m 18x248. - . 18x 248 C18x 248 18x248 §8x248 18 x 248
Spillway lype - NG. NG NG, N.G. . NG N.G.
Crest elevation of weir " mas) 3190 3190 319.0 3190 3190 3190
Length of overflow section’ m . 200 - 200 260 260 200 200
Design discharge m3/se 3,700 3,700 3,700 3,700 3,700 3,700
Sand flush gate - size (h x wx nos.) m 50%7.0x1 $0x70x1 50x7.0xi 50x7.0x] 350x70x1 . 50x70x)
Intake $ill Elevation masl 3130 313.0 330 3130 3130 313.0
Trash rack - size (h x w x nos.) m o 5.0x3.0x2 57x40%2 50x40x%3 63x40x3 57x40xd4 66x40x4
Inlet gate ~sizo (R X W X os.) m 31x3.0x2 33x40x2 30x40x3 35x40x3 33 x40x4 36x40x4 o
Dcsn:idingbasin -:izc(lxwxi&) m  140x28x50 150x34x5.8 160x49x 3.2 150x49x64 16_0::65::5.7 17T0x55x6.7
Intake gate -size thx wxnos.} m 31x3.0%x2  33x40x2 I0x40x3 35x40x3 33 x40x4 36x40x4
Sanddrain gate - size (hx wxnos.} m 15x1.0%6 L.5x10x6 25x1.0x9 23x10x9. 25xL0x% 1.5x10x12
Culvert channel - din x length m 3.3x3528 41x5t8 47x500 5.2 x 488 5.7 x 483 6.2 x 469
- Tunriel with sholerele lined - dia. x length ™ 3.9x 35,030 4.8 x 5,030 55%5030  $.2x%35030 6.8 x 5,030 7.3 25,030
Tunnel with concrete lined - dia. x length m 3.3x600 3.3 x 600 3.3 x 600 13 x600 3.3 x600 3.3x 600
Diameter m 1.7 14,4 16.5 18.6 20.4 219
Upper surging level masl 3341 3341 3341 3340 33 334.1
Lower surging level mas! 306.2 306.2 306.2 306.2 306.2 306.2
Size {dia. x length) m 2.5x% 303 3.1x4% 3.6 x 496 4.0 x 494 4.4 x 491 4.7 x 489
Size (fength x width x height) m 3Ix17x25 6x20x2%3 41 xWx30 453x25x32 49x27x34  5Ix30x36
No. of units nos. 2 2 2 2 2 2
Type of turbine . Francis Francis Franisis - Francis Francis Feancis
Draft tube gate - size (h X w % nos.) m 20%1.8x2 24x22x2 28x23%x2 I1x28x2 34x3ix2 37Tx33x2
Access Road - new construction . km 4 2 2 2 2 2
LAND ACQUISITION AND COMPENSATION .
Acquisition of Land ha 63 68 72 76 80 85
Replace of House 408, 16 16 16 16 16 15

Note ; C.G. : Conerete Gravily dam
N.G.: Non Galed Spillway



Table VIL3.2 Principal Features of Alternative Scheme (2/8) - Dam Axis B

. . a . Unit B324-30 Bi24-45 B324-60 B324-75 BI24-90 B324-105
MY DROPOWER GENERATION : : .
Full Supply Level (FSL) : _masl 3240 324.0 124.0 324.0 324.0 3240
Mirimum Operating Level masi 3123.56 3334 azn 32289 322.67 322.45
Maxiraum Planl Discharge mi/seo 30 45 60 75 %0 105
Instalied Capacity Mw 52 182 104.7 13L3 158.1 185.1
PROJECT COMPONENTS
Bonlagy -
Ponlage ares ha 33 33 31 1 33 33
Active slorage MCM 6.13 0.19 0.26 0.32 .39 G.45 .
Total storsge MCM 1.47 1.47 1.47 1.47 1.47 1.47
Dam type C.G. CG. C.G. C.G. C.G. C.G.
Crest elevalion of non-overflow seclion mas! 330.2 3302 330.2 330.2 330.2 330.2
. Dam - height % length m 22x263 22x263 22x263 22x 263 22x263 22x7263
Spillwey typs N.G. N.G. N.G. NG N.G. N.G.
Crest elevation of weir mas} 3240 3240 3240 3240 3240 324.0
Length of overflow scction m 200 200 200 200 200 200
- Design discharge ) mlzec 3,700 3,700 3,760 3,700 3,700 3,700
Sand flush gate - size (hx w x nos.) m 50x70xt 50x70x1 S0x70x1 3S50x70x1 350x7.0x1 50x7.0x1
Intzke & Dessnding Basin :
Intake Sifl Elevation - masl . 3205 319.3 319.] 3189 187 a18.4
Trash rack - size (h x w x nos.) m 50x35x2 57x47x2 50x49x3 63x51x3 57x53x4 66x5.6x4
Inlet gate - size (hxw x noc.) m I1x30x2 3I3x40x2 30x40x3 IS5x40xd 3.3 x4.0x4 3I.6x40x4
Desanding basin -size{(1xwxh) m  140x28x50 I50x34x58 160x49x5.2 150x49x6.4 160x65x5.7 170x65x6.7
Intake gatz - - size (hx w x nos.) m 30x30x2 33x40x2 30x40x3 35x40x3 33 x40x4 36x40x4
Sanddrain gate « size (hx w x nos.) m 15x10x6 1.5x10x6 25x1.0x% 23x10x% 25x10x9 15x10x12
Headrace
Culvert channel - ﬂig x length m 3.3x528 4.1x518 4.7 x 500 5.2 x 488 5.7x483 6.2 x 469
Tunnel with shotcrete lined - dia. x length m 3.9x5030 ° 4.8x5,030 5.5 x 5,030 6.2x 5030 63x5030 7.3x5030
Tunnel with conerete lined - din. x length 0 3.3 x600 33 x 600 3.3 x 600 3.3 x 600 13 x 6060 3.3x600
Surgs Tank : .
Diameter . m 11.7 14.4 16.5 18.6 20.4 21.9
Upper surging level . masl 339.1 339.1 339.1 339.1 339.1 3391
Lower surging level masl 311.2 311.2 312 311.2 32 3i1.2
Penstock '
- Size (dia. x length) m 2.5 x 503 © 3 x499 3.6 x 496 4.0 x 494 4.4 x 491 4.7 x 489
Powsrhouse
Size (length x widih x height) m Il x17x25 36x20x28 41 x23x30 45x25x32 49x27x34 53x20x26
Ne. of units nos. 2 2 2 2 2 2
Type ol turbine . Francis Francis Francis Francis Francis Francis
Drall tube gate - aize (h x w x nos, ) m ZO0x18x2 24x22x2 28x25x2 31x28x2 -34x31x2 3.7x33x2
Acgess road .
Access Road - new construction km 2 2 2 2 2 2
LAND ACQUISITION AND COMPENSATION
Acquisilion of Land ha g1 96 100 104 108 113
Replace of House nos. 25 25 25 o 25 25 25

Mote ; C.G. ; Conrerete Gravity dam
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~Table VIL3.2 Principal Features of Alternative Scheme (3/8) - Dam Axis C

C310-60

: S . Unit C3l0-3¢ C310-45 C310-75 £310-90 C310-105
HYDROPOWER GENERATION . ’ '
Fuli Supply Levet (FSL) fas] 3100 3100 3100 310.0 3100 Mot
Minimum Operaling Level mas] 3100 - 310.0 3100 oo 3100 3100
Maximuri Plant Discharge - mMee 30 45 60 75 50 105
Installed Capacity MW 48.3 2.7 97.3 122 - 468 171.8
PROJECT COMPONENTS
Eontage ' : :
Ponlsge srea ha 17 17 17 17 17 17
Ative storage MCM 0 0 0 0 o 0
Total storage MCM 0.5 0.6 - 0.6 0.6 0.6 0.6
Dam & Spillway ) .
Dami type . . CG. C.G. CG. C.G. CG. C.G.
Crest elevation of non-overflow section mast 316.2 . 3162 316.2 316.2 3162 3162
Dam - height x length - m 17x262 17 x 262 17 %262 17x 262 17x262 1Tx262
Spiftway type . N.G. N.G. NG. NG. NG . HG.
Crest elevation of weir mast 3100 oo 3100 3100 3100 3100
‘Length of overflow seclion m 200 200. 200 260 200 200
Design discharge mi/ec 3,700 3,700 3,700 3,700 3,700 3,700
Sand flush gate < size (hx wx nos) m 5057051 5.0x7.0x1 50x70x@  5.0x7T0x1 50x70x! 50x70xl
Intake Sill Elevation maal 304.0 304.0 3048 304.0 304.0 " 3040
Trash rack - size (hx wx nos.) m 50x30x2 57x40x2 350x40x3 63x40x3 57x40x4 6.6x40x4
Inlet gate - size (hx wx nos.) ) m 31x30x%2 33x%40x2 3.0x40x3 3.5x40x) -33x40x4 3.6x40x4
Desanding basin - size (1xwxh) m 140% 26250 150%34%55160x49x52150x49%6.4 160 x 65x 5.7 170 x65% 6.7
Inlake gate - size (hx wX nos.) m  31x30x2 33x40x2 30x40x3 35x40x3 33x40%4 16x30x4
Sanddrain gate - size (h x w x nos.) m 15x1.0x6 13x10x6 25x10x9 25x10x9 235x10x9 2.5x1.0x12
Cuivert channel - dia x length m 33x83 4.1x75 4.7 x65 5.2x75 - 5.7x65 . 6.2xu355
Tuanel with shoterele lined - dia. x length m 3.9x 35,300 48x5300 55x5300 6.2x5300  6.B8x5300 - TIx$5300
Tunnel «with conerele fined - dia. x length m 3.3x600 3.3 x 600 3.3x600 3.3 x 600 3.3 x600 1.3 x600
Diamneter m 1.7 14.4 (165 18.6 0.4 219
Upper surging level - masi 3253 3253 3253 3253 3253 3253
- Lower surging level mast 296.8 296.8 296.8 296.8 296.8 296.8
Pemstock : :
Size (dia. x length) m 2.5 x 459 3.1 x 495 3.6 x492 4.0x489 4.4 x 487 4.7x 485
Powethowss e
Size (length x width x height) m Wxi17x25 36x20x27 41%x23x30 45x25x32 49x2Tx34 52x29x35
No. of units nos. 2 2 2 2 2 2
Type of turbine © Francis Frencis Francis Francis Francis Francis
Draft tube gate - size (h x w x nos,) m 20x1.8x2 24x22x2 28x235x2 31x28x2 34xilx?2 3.7x3Ix2
Access Road - new construclion km 2 2 2 2 2 2
LAND ACQUISITION AND COMPENSATION
Acquisilion of Land ha % " 80 84 28 i of
Replace of House nos. 20 Pt 20 20

20

20

Mote : C.G. : Conerele Gravily dam
N.G.: Non Gated Spitlway



. Table VIL3.2 Princi'pa! Features of Alternative Scheme (4/8) - Dam Axis C

Replace of House

N Unit.  C315-30 C315-45 C315-60 C315-15 CI15-90 C313-165
RYDROPOWER GENERATION
Full Supply Level (FSL) - mas) 315.0 3150 315.0 s 315.0 315.0
Minimum Operating Level masl - 314.38 314.06 K 2N D) 3134 3304 268
Maximum Plant Discharge mdse 30 43 60 75 o0 105
Instatied Capacity MW 49.7 4.7 99.9 125.3 150.9 176.6
PROJECT COMPONENTS
Dontage - )
Pontage ares ha 19.8 19.8 19.8 19.8 19.8 19.8
Active storage MCM 013 | 0.19 0.26 0.32 0.39 0.45
Total storsge MCM 1.45 1.45 1.45 145 1.45 1.45
Dam type : CG. CG. C.G. Cc.o. C.Q. C.G.
Crest clevation of non-overflow section mast 321.2 321.2 v ] 32z 321.2 321.2
Dam - height X length m 23 x 266 23 x 266 23 x 266 23 x 266 I x266 23 x 266
Spillway type N.G. N.G. N.G. N.G. N.G. N.G.
Crest clevation of weir “masl 315.0 3150 3150 3150 nso 3150
Length of overflow section m 200 200 200 200 200 200
Design discharge . m3/se 3,700 3,700 3,700 3,700 3,700 3,700
-Sand Mush gsle - size (h x wx nos.) m | 50x70x1 350x70x1 50x70x1 50x70x1 50x70x1 50x70x1
Intake & Dessnding Basin :
Intake Sill Elcvation mas! 308.0 109.0 309.0 309.0 309.0 309.0
Trash rack - size (h x W x nos.} m 50230x2 5.7x40x2 50x40x3 63x40x3 357x40x4 66x40x4
Inlet gate -size(hx\\}xnos,_) m, 3rx30x2 33x40x2 30x40x3 35x40x3 33x4.0x4 3.6x40x4
Desanding basin ~size(Ixwxh) m 140x283x5.0 150x34x58 160x49x52 150x49x6.4 160x65x57 170 x65x6.7
Intake gate - size (hxwxnos.) m 31x30x2 33x40x2 30x40x3 3.5x40x3 33x40x4 3. 6x4.0x4
_:Sanddrain gate - size (h x w X nos.) m 1.5x1.0x6 E5x10x6 25x10x9 25x10x9 25x10x9 2.5x1.0x12
Culvert channsl - dia x length : m 331x85 41x75 4.7 x 65 5.2x75 5.7x 65 6.2x 55
Tunnel with shotcrete lined - dis. x length m 3.9x 5,300 4.8x5300 55x5300 62x5300 68x5300 73x5.300
Tunnel with concrete lined - dia. x length m 3.3 %500 3.3x600 3.3 x 660 5.2 x 600 2.5 x 600 3.3 % 600
Surge Tank ) :
Diameter’ m 11.7 14.4 16.5 186 204 L9
Upper surging level masl 3303 3303 3303 3303 330.3 3303
Lower surging level masl 3012 301.2 301.2 301.2 301.2 301.2
Penstock _ :
Size (dia. x length) m 2.3 % 501 3.1 x497 1.6 x 494 4.0 x 491 4.4 x 489 4.7 x 486
Eowerhouse
Size (length x width x height) m 30x17x25 36x20x28 4ix23x30 45x25x32 49x27x34  52x29x35
No. of units nes. 2 2 2 2 2 2
" Type of turbine Francis Francis Francis Francis Francis Francis
) :.Draﬁ_h::bcgat:-sizc(hﬁcwxnns.) m 20x18x2 24x22x2 28xZ25x2 3Ix28x2 34x31x2 37x33x2
Access youd
 Access Road - new construction km 2 2 2 2 2 2
LAND ACQUISITION ANB COMPENSATION :
Acquisilion of Land ha 84 L1 93 o7 192 108
nOS. 20 20 20 20 20 20

Nolc : C.G, : Concrete Gravily dam
MN.G.: Non Gated Spillway
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Table VI1.3.2 Principal Featares of Alternative Scheme (5/8) - Dam Axis C

: : . Unit - C319-30 31945 C319-60 - C3915 C319-20 C319-105
IIYDROPOWER GENERATION ' ' : s ' '
Full Supply Level (FS1,) masl- L3196 3190 © 3150 319.0 - 3190 £ LA
Minimum Operating Level mas) 3855 31832 318.09 31785 S 37s 31235
Maxirmnum Plant Discharge m3/se 30 45 &0 s o0 105
Instalied Capacily b 50.7 783 1021 128 © 1541 180.4
PROJECT COMPONENTS i '
Pontage area * ha 43.1 431 43.] 43.1 431 431
Active storage MCM 0.13 0.19 0.26 0.32 0.39 045
Total storage "MCM - 2.46 246 246 2.46 248 2.46
Pam type cG. C.G. C.G. C.G. - CG. C.G. .
Crest elevation of non-overflow seetion masl 325.2 325.2 3252 3252 323.2 3252
Dam - height x length m 27x 277 21x277 27x2377 1T x 277 2T R 277 27x277
Spillway type - N.G. NG. NG N.G. N.G. L NG
Crest clovation of weir max| 3190 .319.0 3i%0 319.0 3190 319.0
Length of ovetflow ssction ‘m 200 200 260 C o200 " 200 200
Design di.schnrgc B - mfse 3,700 3,700 3,700 3,700 3,700 3,700
Sand flush gale - size (hx wxnos.) ™ 3.0x70x1 - 5.0x7.0x1 50x7.0x]1 S50x7.0xt 50x70x1 5.0x70%x 1
Intake Sill Elevation mast 3130 o 3.0 3130 3130 313.0
Trash rack - size (hx wx nos.) m 50x3.0x2 57x40x2 50x40 x3 63x40x3 57x40x4 66x40x4
Inlet gate - size (h X W X nos.) m 31x30%2 33x40x2 30x40x3 35x40x3 33x40x4 3.6x4.0x4:
Dessnding basin - size (Ixwxh) m  HMO0%2Bx50 150x34 %58 160x49x3.2 150x49x64 160%65x57 170 x 65 x 6.7
Intake gate - size (hx wx nos.) m 31x30x2 33x40x2 30x40x3 35x40x3 33x40x4 16x40x4
Sanddrain gate - size {h x wx nos.) m E5x10x6 13x10x6 25x10x9 25x10x9% 25x10x9 25x1.0x12
Headrage . ‘ '
Culvert channel - dia x length m 33x85 41x75 4.7 %65 SAXTS 5. 7% 65 6.2x55
Tunnel with shotcrete lined - dia. x length m 3.9x5,300 4.8 x 5,300 5.5 % 5,300 6.2 x 5,300 6.8 % 5,300 1.3 x 5,300
Tunnel with concrete lined - dina. x length m 33 x600° 3.3x600 33 x600 33 x600 3.3 x600 3.3 x600
Diameter m 1.7 14.4 16,5 18.6 204 2L9
Upper surging level mias 3342 3343 3343 3143 3343 3343
Lower surging level masl 3054 305.4 Jos5.4 305.4 3054 3054
Size (diz. x length) m 2.5 x 302 I x 499 3.6 x 455 4.0 x 493 4.4 x 490 4.7x 488
Size (lepgth » widih x height) tn 30x17x25 36x20x28 AIx23x30 45x25x32 49x2TxI4 53 x30x 36
No. of unils nos. 2 2 2 2 2 2
Type of turbine Francis Francis Francis Francis .Frencis  Franois
Draft tube gate - size (h x w x nos.} m 10x18x2 24x22x2 28x25x2 31x28 34x3Px2 37Tx33x2
Ascerirond '
Actess Road - new construction km 2 2 2 2 2 2
LARD ACQUISTIION AND COMPENSATION S
Acquisition of Land ha 116 21 125 130 134 140
Replace of House nos. 26 26 2 % 26 26

Note : C.G. : Conerete Gravity dam
N.G.: Non Galed Spiflway
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Table VIL3.2 Principal Features of Alternative Scheme (6/8) - Dam Axis D

R : : Unit D3035-30 30545 D105-60 1305-715 1D305-%0 DX5-105
HYDROPOWER GENERATION
Full Supply Level (FSL) mas] 305.0 305.0 305.0 305.0 3080 305.0
Mininuzm Cperaling Level mias! 305.0 305.0 305.0 305.0 305.0 305.0
Maximum Plent Discharge milse 30 45 60 75 90 108
Instialled Capacity MW 47.2 ! 4.9 110 14122 167.6
PROJECT COMPONENTS
Pontzge
Pontape area ha 28.7 28.7 28.7 287 28.7 28.7
Aclivs storage MCM 0 0 0 0 ¢ 0
Tulnl‘stonigc MCM 1.15 1.15 1.15 115 1.15 1.15
Dam type CG. CG. C.G. c.a. CG. C.G.
Crest elevation of non-overflow seclion masl a1z ing 3112 3112 311.2 32
Dam = height x length ’ m 8 X 268 18 X 268 18 X 268 18 X 268 18 X 208 18 X 268
Spiltway type N.G. N.G. NG. NG. N.G. NG.
Crest elevation of weir " masl 305.0 305.0 3050 303.0 305.0 3050
Length of overflow sestion m 200 200 200 200 200 200
Design discharge mifee 3,700 3,100 3,700 3,700 3,760 3,700
Ssnd flush gate - size (hx wx nos.} m 50x70x] S5.0x70x1 50x70x1 50x70x1 50x70x1  50x7.0x!
Inteks & T fing Basi -
Intake Sitl Elevstion masi -299.0 299.0 - 299.0 299.0 299.0 2900
. Trash rack - size (hx wx nos.) m 50x3.0x2 35.7x40x2 350x40x3 63x40x3 57x40x4 66x40x4
Intet gate - size (hx wx nos.)’ m 3.1x3.0%2 33x40x2 3.0x40x3 35x40x3 33x40x4 36x40x4
Desanding basin -size (1x'wxh) m J40x28x50 I50x34x58 160xd0x 52 150x4dx64 160x65%x57 1T0x65x6.T
Intake gate - size (h x wx nos.) m 31x3.0x2 33x40x2 30x40x3 3I5xd40x3 3I3x40x4 3.6x40x4
Sanddrain gate - size (h x w x nes.) m 15x1.0x6 1.5xI0x6 25x10x9 25x10x9 25xi0x9 25x1.0x12
Headrace' '
Culvert channel - dia x length m 3.3x83 41x73 4.7x60 5.2x48 5.7 x 48 6.2x34
Tunacl with shoterete lined - dia. x length m 1.9 x 5,460 4.8 x 5,460 5.5x 5,460 6.2 x 5,460 6.8 x 5,460 7.3 x 5,460
Tunsiel with concrete lined - dia. x length m 3.3 x600 4.1 x 600 4.7 x 600 5.2x 600 5.7 %600 6.2 x 600
Surge Tank
Diaméter m 1.7 14.4 16.5 186 204 21.9
Uppsr surging level mas] 3200 320.0 320.0 320.0 320.0 32000
Lower surging level mas] 292.4 292.4 292.4 292.4 2924 292.4
Benstogk
Size {dia. x length) m 2.5 x 497 3.1 %493 36x4N 4.0 x 487 4.4 x 485 4.7x483
Bowerhowse
Size {length x width x height) m 30x17x25 33x20x27 40x23x30 45x25x32 48x27x33  52x29x35
No. of units nos. 2 2 2 2 2 2
Type of tuibine Francis Francis Francis Francis Francis Francis
Drafl tube gate - size (h x wx nos.) m 20x13x2 24x22x2 28x25x2 3.1x28x2 34x31x2 37x3.3x2
HAesess road
"Access Road - new construction km 2 ? 2 2 2 2
LAND ACQUISITION ANB COMPENSATION
Acquisition of Land ha 9 100 106 110 117 124
Replace of House nos. 28 28 28 28 28 28

Note : C.G. : Concrete Gravily dam
N.G.: Non Gated Spillway



Table VIL3.2 Principal Features of Alternative Scheme (7/8) - Dam Axis D

e Unit D310-30 ° [310-45 D3i0-60 D310-75 D310-90 D310-103
HYDROPOWER GENERATION . - : '
Full Supply Level (FSL) mas! 3104 0.0 - 310.0 310.0 oo 3100
Minimum Operating Level masl- - 309.69 309.53 309.37 309.21 30904 308.87
Maximum Plani Discharge mifse : 30 45 60 75 % 105
Instalied Capacity MW 48.5 73 916 122.4 1473 172.4
PROJECT COMPONENTS '
Pontsge arca ha 38.8 388 388 38.8 - 38.8 388
-Active storage MCM 0.13 0.19 0.26 0.32 0.39 0.45
Tots] storage MEM 28 28 23 2.8 2.8 2.8
Dam & Spillwey ) . . .
Dam type ) C.G. C.G. C.G. C.G. C.G. C.G.
Crest elevation of non-overflow section mas| 316.2 316.2 316.2 - ;3162 3162 3162
Dam - height x length m 23x279 23x279 23x219 23x279 23 x279 23 x279
Spillway type NG, N.G. ‘NG, . NG, NG. N.G.
Crest elevation of weir mas] . 3100 310.0 3te.0 310.0 310.0 3100
Length of overflow section m 200 200 200 200 200 200
Design discharge m3/fse 3,700 3,700 3,700 ° 37100 3,700 3,700
Sand MNush gate « size (i x wx nos.) m 50x7.0x1 50x70x1 5.0x70x1 - 5.0x70x1 50x70%1 50x7.0xI
Entake Sill Elovation . masl 304.0 3040 304.0 304.0 . 3040 3040
Trash rack - size (hx wx nos.) m 36x30x2  5.7x40x2 50x40x3 63x40x3 57x40x4 66x40x4
Inkst gate - size {h x wx nos.) m 31x30x2 -33x40x2 30x40x3 35x40x3 33Ix40x4 3I6x40x4
Desanding basin -size (Ixwxh) m 140x23x 5.0 150x34x58 160x49x5.2 150x49%x64 160x6523.7 1T0x65x6.7
intske gale - size (hxwx nes.) m 31x30x2 13Ix40x2 I0x40x3 3.0x40x3 33x40x4 3.6x40x4
. Sanddrsin gate - size (hx w % nos.) m L5x10x6 13x10x6 2.5x5.0x9 25x10x9 25x10x9 25x10x12
Hesadrace | : : : _ .
Culvert channe! - din x length m 33x83 - 41x3 4.7x 60 52x 48 ‘5.7 %48 6.2x34
Tunnc with shoterete lined - die. xlength - m 39x5460 48x35460 SS5x5460 . 62x5450 6.8x5460 7.3 x 5,460
‘Turnel with conerets lined - dia. x length m 3.3 x 600 4.1 x600 4.7 x 600 5.2x 600 5.7 x 660 6.2 % 600
Swrge Tonk : : ) ' ' '
Diameter m 1.7 o144 16.5 18.6 204 21.9
Upper surging level mnst 3250 325.0 3250 3250 %50 325.0
Lower surging leve! mas| 286.1 286.1 286.1 286.1 286.1 286.1
Size (dia. % length) m 23 x499 3.1 x 495 3.6 x492 4.0 x 489 4.4 x 487 4.7 x 484
Powerhousg ' : ' -
Size (tength x width % height) mo I xi7x25 36x20x27 4Ix23x3I0 45x25x32 49xITx M4 52x29x3S
Neo. of unite nos. 2 2 2 2 2 2
Type of turbine Francis Francis Francis Francis Francis - Francis
Exvalt lube gate - size (hx wx nos.) m 20x1.8x2 24x22x2 28x25x2 31x28x2 34x3Ix2 37x33x2
Agcess rond
Access Road - new construclion km 2 2 2 2 2 2
LAND ACQUISITION AND COMPENSATION
Acquisition of Land ha 101 104 107 110 111 112
Replaes of House 10s. 28 28 28 28 © 28 28

Nete : C.Q3. : Concrele Gravity dam
N.G.: Non Gated Spillway
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Table VIL3.2 Principal Features of Alternative Scheme (8/8) - Dam Axis D

: i : Bnit D315-30 D315-45 D315-60 D315-75 D315-90 D315-105
HYDROFOWER GENERATION )
Full Supply Level (FSL) masl 315.0 3150 315.0 315.0 315.0 3150
Minimum Opsrating Level . mas}
Maximum Pianl Discharge mifse 30 45 60 75 oW 105
Installed Capasity ’ MW 49.8 74.9 100.2 125.7 151.3 177.1
PROJECT COMPONENTS
Pantage o o )
Pontage arca ) ha 45.9 459 459 45.9 - 489 459
Aclive storage - MCM 0.13 0.19 0.26 0.32 0.39 0.45
Total storage MCM 521 - 521 5.21 521 5.21 5.21
Dam type. . CG. ca. c.G. C.G. ca. CG.
Crest elevalion of ron-overflow section mas] 321.2 322 321.2 321.2 3212 212
Dam - height x length . m 29x 286 29 x 286 29 % 286 29 x 286 29 x 286 29 x 286
Spillway type : N.G. NG N.G. NG N.G. N.G.
Crest clevation of weir mask 315.0 3150 3150 315.0 3150 3150
 Length of overflow section " m 200 Pt I 200 200 200 200
Design discharge - ) m3/se 3,700 3,700 3,700 3,700 3,700 3,760
Sand flush gate - size (hx wx nos.) m 50x70xt  S0xTx]  50x70x1 0 S0xT0x]  S50x7V0x]1. 50x70xl
Inteke & Deésanding Basin : o .
intake Sill Elevation - mnsl 309.0 309.0 300.0 309.0 309.0 309.0

Trash rack - size (h x wx nos.) m 50x3.0x2 51%40x2 50x40x3 63x40x3 57x40xd 66x40x4
Inlet gate «size (h X wx nos.) m 31x30x2 33x40x2 30x40x3 35x40x3 33x40x4  36x40x4
Desanding basin -size (Ixwxh) m - (40x28B x50 150x34x58 160x49x52 150x49x6.4 I60x65x5.7 1T0x65x6.7
Inlske gale - size (h x wx nos.) m 31x30x2 33x40x2 30x40x3 35x40x3 33xd0xd 36x40xd
Senddrain gate - size (h x wx nos.} m 15x1.0x6 1.5x1.0x6 25x1.0x9 25x10x9 23x1.0x9 1.5x1.0x12

Headrace :
Culvert channel - dia x fength m 33x83 41x73 4.7x 60 5.2x 48 5.7x 48 6.2x34
Tunne! with shoterete lined - dia. X length m. 3.9 x 5,460 4.8 x 5,460 5.5x 5,460 6.2x 5460  6.Bx 5,460 7.3 x 5,460
Tunnel with concrete Jined - dia. x length  m 3.3 x 600 4.1 x 600 4.7 % 600 5.2 x 600 3.7 x 600 6.2 x 500
Surge Tonk :
Dismeter m 11.7 i4.4 16.% 18.6 204 <219
Upper surging level masl 330.0 - 330.0 © 3300 330.0 330.0 330.0
Lower surging level mas] 3021 302.1 3ozl 302.1 302.1 302.1
Penstock )
Size {dia. x length} m 2.5x 489 3.1 x 408 3.6 x 494 4.0x 492 4.4 x 489 4.7 x 487
Powerhouse i
Size (length x width x height) m 30x17x25 36x20x28 41x23x30 45x25x32 49x27x34 S5Zx29x35
No. of unils nos. 2 p) 2 2 2 2
Type of turbine Francis Francis Francis Francis Francis Francis
Dfa_ﬂluhcgalc-size(hxwxno_s.) m 20x1.8x2 24x22x2 28x25x2 31x2Bx2 34x310x2 37x33x2
Access foad ..
Access Rosd - new construction km z 2 2 2 "2 2
LAND ACQUISITION AND COMPENSATION
" Acquitition of Land ha tio 115 119 124 128 134
Replace of House : nos. 28 28 28 28 28 8

Noteg : C.G. : Concrete Gravity dam
N.G.: Non Gated Spillway
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Table VIL3.3 Plant Capacity and Energy (_)u.tp_ut |

Dam |Reserv.| Max: Plant| Instalted | Energy Producible| Effective Energy _
Case Axis | FSL | Discharge| Capacity | . Firm  Becondary] Firm . Secondary} Remarks
_ (my i (cms) MW) | (MWy) | (MWy) | (MWy) | (MWy) |
B319-1| B | 319 30 50.6] 42.86 228 39.99 2.13
2 45 762| 5733 461 5148 4.14
3 80 - 1020] " 67.96 760]  61.03 6.82
4 5. 1279| 7579; 1077 68.06]  9.68
5 90 154.0]  8241] 1349 7400|1212
-6 105 18021 87.221 . 15.83] 7833 1422 -
B324-1 | B | 324 30 520{ 4409 231 41.13] = 2.15{With Daily Regulation
2 - 45 782] 5923} 46l 5319]  414f -do- :
3 60 1046 7055 7.54] . 6335 6.71 -do-
4 75 C1312F 79.60f  1036]  7148]  930| -do-
51 90 158.0}  87.18] 12.84] 7829 11.53| -do-
6 105 1850 93.55| 14.98]  84.01] 1345| -do-
Jesw-1] ¢ | 310 30 483| . 4091  2.18] 3817 203
2 45 727 5472 439 49.14 3.95
3 60 97.3] 6487 1.24]  58.26 6.50
4 75 1220 7233|1027} 64.96 9,22
5 90 146.8]  7864] - 12.86] - .7062] 1155
6 105 171.8] 83221 15.09] 74.74] _ 13.55
C315- 1 C 315 30 49.6] 42,14 220 39.31 '2.05|With Daily Regulation
2 : 45 | - 747{  5660f  4.40] 5083[ = 3.95| -do-
3 60 999 6740{ . 7.19] 6053  646] -do-
4 75 1253 - 76.03 9.891 6828 8.88] -do-
5 90 1509)  §3.24] 1225 7475 11.00] -do-
6 1 . 105 176.6] 8930  14.20{ 8019 12.83] ‘do-
C319-1 § C | 319 30 507 43.02 2250 4014 2,10} -do-
2 45 763] 5179 - 449 5190  4.03] -do-
3 60 102.0| 6883 7.35{ 6181 6.60| -do-
4’ 75 1280 7766 - 1010 69.73 9.07| -do-
5 90 1541 8503} - 12.52| 7636 11.24| -do-
6 105 1804 9124  14.60] 81931 13.11 -do-
D305-1 { D | 305 30 4721 39%2F 212 3725 1.98
2 45 710] 5339 4.29] = 47.94 3.85|.
3 60 949] 63.27 707 56.82 6.35
4 75 11900 7054 1002] 6335 - 9.00
5 90 1432)  7668] 1255 6886 1127
6 : 105 167.61 81131 14.72] 72860 1322
D310-1 { D | 310 30 48.5( - 4115 2.15) 3839 2.01|With Daity Regulation
2 45 729 5527) - 429] 4963  3.86] -do-
3 60 976| 65.81 702} 5910 631} -do-
4 75 1223 7424 965! 6667] - 867 -do-
5 90 1473 8129  1196f 7300 | 10.74] -do-
6 105 1723| 87211 13950 7831 12,53 -do-
D315-1 | D | 315 30 49.8| 4225 221] 39420 - 2.06] -do-
2 45 749 5675 441 5096 396 -do-
3 60 100.2] 6758 .7.22|  60.69 6.48] -do-
4 75 1257  76.24 992 6847 891 -do-
5 90 15130 8349} .- 1229 7497  11.04] -do-
6 105 177.1] 89580  14.34] 80.44| 12.88] -do-
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Table. VIL.3.4 Unit Costs of Major Construction Items

WORK ITEMS _ _ UNIT UNIT PRICE
uss)

DIRECT COST
(1) LAND ACQUISITION & COMPENSATION

Dram site
Leftbank - flat area ha 1,500
- hillside ‘ ha 1,000
- resort complex : LS 50,000
Right bank - flat arca ha 1,000
< hillside ha 800
Surge tank, Penstock & Powerhouse site
Adjacent to mumnicipal roads Im 100
. Other area ha . 1,000
. Compensation
: House : - nos: 6,000
(2) CIVIL WORK. . :
Eacth Works
 Open excavation in common cu.m 5.8
Open excavation in rock ou.m 128
Underground excavation for headrace funne! cu.m 75.0
Underground excavation for surge tank cu.m 9.5
Underground excavation for penstock shaft cu.m 108.2
Embankment Works
Embankment of rocks . : cu.m 16.0
Embankment impervious soils . aum 11.0
ancgtg'W()ﬁ
Mass concrete cum 99.0
Structure concrete cuan 136.2
Lining concrete for headrace tunnel cum . 165.0
Lining concrete for surge tank cu.m 149.3
Lining concrete for penstock ' cum . 1359
Shotcrete concrete cu.m 2120
Cement ton 196.0
Reinforcement bar ton 1,400.0
undagion tment
Preparation of foundation sq.m 4.4
Consolidation grouting lin-m 72.5
AccessRoad :
For construction purpose - new construction km 300,000
Permanent use - new construction ' km 500,000
{3) HYDRO-MECHANICAL EQUIPMENT
Penstock steel pipe (FOB+Transportation+Erection/test) ton 3,322
" Gate (FOB+Transportation+Ersection/test) ton 6,344
Mechanicsl rake (FOB+Transportation+Erection/test) nos. 244,000
(4) ELECTRICAL EQUIPMENT
Estimated based on international price
{5y ENVIRONMENT ' : Estimaled based on environmental
: study
(6) CONTINGENCY 2 15 % for civil works
and land & facilities (account no. 10)
: 10% for electrical
& hydro-mechanical equipment

INDIRECT COST : 29% of direct cost
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Table VIL3.5 Estimated Cost for 1st Screening (1/3)

Axis B and FSL 319 mas] g ' © " Unit: 1000US$
- Account No . WORK ITEM : Maximum Plant Discharge (m3/sec) :
g R 30 - 45 .60 15 90 105
DIRECT COST o _ T T
10. Land and Facilitics 258 238 258 258 258 258
11. © Powerhouse 3,132 4525 6151 - 7,987 9,847 11892
12 - Reservoir, Dam & Waterway 46,297 58,768 70,425 81471 91,944 100,852
13. - Turbine & Generator 8761 12,899 16,562 19,726 22,998 26,31}
14. Accessary Electrical Equipm 5,136 5,938 6,632 7219 7,749 8286
15. Other Equipment - 2430 3,219 3,827 4,249 4,809 5,397
‘16.  Access Road/Railway & Brid 1,343 1,408 - 1456 1,504 1,553 1,601
. TOTAL 67,358 87,014 105311 122414 139,158 154,598
INDIRECT COST ; 19,534 25234 30,540 35,500 40,356 44,833

TOTAL COST WITHOUT INTEREST 86,891 112,248 135851 157:914 179,514 199431
INTEREST DURING CONSTRUCTION - 18,745 24221 29314 34075 38735 43,033

TOTAL COST WITH INTEREST 105,641 136469 165,165 191,989 218250 242464
Axis B and FSL 324 masl ' : © Unit : 1000053
Account No WORK ITEM Maximum Plant Discharge (m3/sec) :
- : 30 - 45 60 75 % 105
DIRECT COST _ _ : _ :
10. Land and Facilities _.306 . -306 . 3066 - 306 - 306 306
1. Powerhouse ' 03,132 45602 6,187 8023 9918 12,306
12. Reservoir, Dam & Waterway 54,512 67,259 79,379 91,373 102,656 - 113,115
13. Turbine & Generator 8,987 13,193 16,901 20,112 23502 26,902
14, Accessary Electrical Equipm 5182 5994 6,698 7288 7833 8384
15. Gther Equipment 2476 3273 3878 4301 4901 5,505
16. Access Road/Railway & Brid 1,343 1,408 1,456 1,504 1,553 1,601
TOTAL 75,934 96,036 114,806 132,908 150,669 168,119
INDIRECT COST 22,021 27,850 33294 38543 43,694 48755

TOTAL COST WITHOUT INTEREST 97,955 123,886 148,100 * 171,451 1.94,363 216,874
INTEREST DURING CONSTRUCTION 21,137 © 26,732 31,957 . 36,996 41,940 46,797
TOTAL COST WITH INTEREST 119,091 150618 180,057 208,447 236,303 263,671

Note : Each work item in direct cost contains each contingency, 15% for civil works
and 10 % for electrical and hydio-mechanical works. '
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Table VIL3.5 Estimated Cost for st Screening (2/3)

Axis C snd FSL 310 mas] ~Unit : 1000US3
Account No. WORK ITEM Maximum Plant Discharge (m3/sec)
N - ' : 30 45 60 75 90 105
DIRECT COST R
10. -Land and Facilities 241 246 250 255 259 265
11. Powerhouse 3,094 4490 6,074 7,838 9,731 11,653
12 Reservoir, Darn & Waterway - 50,641 63,064 74,616 - 85,551 94,989 104,073
13. - Turbine & Generator ' 8,368 12,375 15,948 19,067 22122 25279
14, Accessary Electrical Equipme = 5,060 5,835 6,514 7,094 7,603 8,115
15. Other Equipment -~ 2,350 3,122 3,731 4,168 4,650 5,208
16. Access Road/Railway & Brid 1,343 1,408 1,436 1,504 1,553 1,601
TOTAL 71,098 - 90,539 108,590 125477 140,907 156,195
INDIRECT COST : 20,619 26,256 31,491 36,388 40,863 45,296

TOTALCOSTWTIHOUTINTEREST 91,717 - 116,796 140,081 161,866 181,770 201,491
INTEREST DURING CONSTRUCTION 19,791 25202 30,227 34,927 39222 4347

TOTAL COST WITH INTEREST - 111,507 141,998 170,308 196,793 220,992 244,968
Axis € and FSL 315 mast . " Unit: 1000183
Account No - ‘WORK ITEM Maximusn Plant Discharge (m3/sec)

' _ S 30 45 60 75 90 105
DIRECT COST _ . :
10. Land and Facilities 257 262 267 272 77 283
11. . Powerhouse o 3,082 4,527 6,112 7,913 9,807 11,818
12. Reservoir, Dam & Waterway 59,554 72,135 83,825 94,680 104,129 113,374
13. Turbine & Generator - . 8,589 12,674 15895 19444 22,617 25,860
14, Accessary Electrical Equipme 5,105 5,894 6,581 7,166 7,687 8212
15. Gther Equipment 2,397 3,176 3,78 4,217 4,741 5,314
16: Acecess Road/Railway & Brid 1,343 1,408 1,456 1,504 1,553 1,601

TOTAL 80,334 100,076 117,923 135,196 150,811 166,462
INDIRECT COST 23,297 29,022 34,198 39207 43,735 48,274

TOTAL COST WITHOUT INTEREST 103,630 129,098 .152,1_21 174,403 194,546 214,736
INTEREST DURING CONSTRUCTION 22,361 27,857 32,824 37633 - 41,979 46,336

TOTAL COST WITH INTEREST 125,992 156,955 184,945 212,036 236,525 261,072
Axis D and FSL 319 masi Unit : 1000USS
Account No WORK ITEM - Maximum Plant Discharge (m3/sec)
' : ' - 30 45 60 75 90 105

DIRECT COST . :
10, Land and Facilitie 332 337 342 346 358 128
. Powerhouse _ 3,121 4,518 6,051 7,786 9,605 11,561
12, Reservoir, Dam & Waterway 64,986  77,45% 89,100 99,893 109,178 118,239
13 Turbine & Generator . 8766 12,910 16,571 19,742 23,016 26,331
14. Accessary Electrical Equipme 5,140 5,941 6,635 7,220 71,754 8,291
15. Other Equipment 2434 . 3222 3829 4,250 43815 5,401
16. Agccess Road/Railway & Brid 1,285 1,346 1,393 1,439 1,485 1,531

TOTAL 86,063 105,735 123,921 140,676 156,211 171,481
INDIRECT COST 27454 33,729 39,531 44,876 49,831 54,702

TOTAL COST WITHOUT INTEREST 113,517 139464 - 163,452 185,552 206,042 226,183
INTEREST DURING CONSTRUCTION 24,495, 30,094 35270 40,038 44,460 48,806
TOTAL COST WITH INTEREST ~ . 138,012 169,558 198,722 225,590 250,501 274,989

Note : Each work item in direct cost contains each contingency, 15% for civil works
and 10 % for electrical and hydro-mechanical works,
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Table VI1.3.5 Estimated Cost for 1st Screening (3/3)

Axis D and FSL 305 masl ' ' Lo . Unit: 1000USS
Account No WORK ITEM Maximum Plant Discharge (m3/sec)
o ' 30" 45 60 75 90 105

DIRECT COST . S o .
10, Land and Facilities 322 327 333 . .338 . 345 353
11 Powerhouse _ - 3,01 4,451 6036 7,798 9,621 11,631
12. . Reservoir, Dam & Waterway 52,892 65,098 77464 86,671 95,788 104,384
13. ¢ Turbine & Generator 8,171 12,107 © 15630 18,728 21,676 24,757
14. Accessary Electrical Eqmpme 5020 - 5,784 6,453 . 7,029 7531 3,028
15. Other Equipment 2,312 3,072 3,680 4,125 4,570 5,115
16. Access Road/Railway & Bn\d 1,343 . 1,408 . 1456  .1,504 1,553 1,601

o TOTAL 73,082 92,247 111,051 126,193 141,083 155870
INDIRECT COST - L T 21,0194 267752 0 32205 36,596 40,914 45202

TOTAL COST WITHOUT INTEREST -~ 94,275 118,998 143,256 162,789 181,997 201,072
INTEREST DURING CONSTRUCTION 20,343 25,677 30,912 35,126 39271 43,387

TOTAL COST WITH INTEREST 114,618 144,676 174,168 197,916 - 221,268 244,459
Axis D and FSL 310 masl ' - ' Unit : 1000USS
AccountNe - WORKTTEM Maxxmum Plant Dlscharge (m3/sec) .
; : 30 45 60 75 90 105
DIRECT COST . n e T
10. Land and Facililies . 334 338 3] 344 346 - 348
1l Powerhouse : 3,094 4490 6074 . 7,839 9,731 11,705
12. Reservoir; Dam & Wa!erway 61,752 73,898 84,549 95,161 104,061 112,632
13. Turbine & Generator 8,394 12406 15983 19,110 22,177 25,343
4. - Accessary Electrical Equipme 5064 53842 6,522 R £ 1)) 7,614 8,125
15. Other Equipment 2,359 3,130 3,736 4,174 4,660 5105
10. " Access Road/Railway & Brid 1,343 1,408 1,456 1,504 1,553 1,601
: TOTAL §2,339 101,511 118,662 135235 150,142 164,859
INDIRECT COST .. 23,878 29438 34412 39218 43,541 47,809

'TO'I'ALCQSTWTH{OUFNI'EREST 106,218 130,949 153,074 174,453 .193,683 212,668
INTEREST DURING CONSTRUCTION - 22,920 28,256 . 33,030 . 37,643 41,793 . 45,889

TOTAL COST WITH INTEREST. 129,138 159,206 186,104 212096 235476 258557
Axis D and FSL 315 mas] : - Unit : 1000US3
Account No WORK ITEM Maximum Plant Discharge (m3/sec)
L : 30 45 60 75 90 105

DIRECT COST . .
10, Land and Facilities 346 352 356 361 366 372
1. Powerhouse 3,095 4527 6,112 - 7913 9,807 11,818
12, Reservoir, Dam & Waterway 71,725 83,872 94,558 105,144 113,928 122,502
13. Turbine & Generator 8,613 12,707 16,334 19,484 22,673 25926
14, Accessary Electrical Equipme 5,109 5,901 6,589 7,173 7,69 8222
15. Other Equipment 2,401 3,184 3,793 4222 4,752 5,328
16. . Access Road/Railway & Brid 1343~ 1408 1,456 1,504 1,553 1,601

TOTAL 92,632 111,952 129,199 145,801 160,774 175,769
INDIRECT COST 26,8603 32466 17468 42282 45,624 50,973

TOTAL COST WITHOUT INTEREST ~ 119,496 144,418 166,667 188,083 207,398 226,742
INTEREST. DURING CONSTRUCTION - 25,785~ 31,162 - 35,963 40,584 44,752 48,926
TOTAL COST WITH INTEREST 145,281 ' 175,580 202,630 228,668 252,150 275668

Note : Each work item in direct cost contains each contingency, 15% for civil works
and 10 % for electrical and hydro-mechanical works.
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“Table VII.3.8 Features of Each Damsite Alternative

Without Regulation With Regulation
Description Unit Dam Axis Dam Axis
B C D B C D
Reservoir )
Flood water level _ m 324.2 3152 3102 3292 320.2 3152
Optimal FSL m 319.0 3100 3050 324.0 3150 3100
Minimum operation level m - - . 324 313.0 309.0
Volume at FSL . MCM 0.28 0.60 1.15 R Y 1.45 2.80
Area at FSL ha 16.0 14.9 27.3 325 180 416
Length &t FSL km 0.9 0.7 11 17 1.0 13
Land submerged ha 4 9 15 20 14 2R
Houses to be relocated nos. 3 7 3 15 7 3
Dam ) .
Foundation level, Lowest m 307 300 293 307 300 293
o Highest m 314 300 294 314 300 294
Pam crest level m 326.2 317.2 3122 3312 3222 “3172
Spillway crest level m 319.0 3100 3050 ) 324.0 3150 310.0
Max. dam height m 19.2 17.2 19.2 24.2 22.2 4.2
Dam length .. m . 248 262 268 _256 266 279
Dam volume (concreie) m3 35,400 43,600 48,700 $4.900 68,300 75,400
Intake .
Max. discharge cms 90 90 90 90 90 90
Sililevel m 3150 3060 301.0 3184 300.0 305.0
Houses to be wmlocated nos. 0 2 6 0 2 6
Headrace .
Length of cutvert m 454 65 50 454 55 50
Length of tunnel m - . 5637 © 5913 5.570 5.637 5.5 5570
Powerhouse
Installed capacity MW 154 147 143 158 15 147
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1. INTRODUCTION

Based on the result of plan formulauon optimization study and consequent
feasibility dcﬂgn of the project componems were carried out for civil works including river
diversion, dam and spillway, mtadece/'desandm‘T basin, headrace tunnel surge tank, penstock
and powerhouse, hydromechanical equipment and generating equipment. These studies
and feasibility designs werc performed incorporating the result of the typographic survey
geological investigation and environmental study.

2. CIVIL WORKS
2.1 River _Divei‘sion o
2.1.1 Alternatives on Diversion Method

“ Width of the river at dam axis is approximately 200 m and river flow changes
from sub-critical to supercritical around the dam axis because the dam axis is located
immediately upstream of water falls. Design discharge has been set at 1,100 cms of 2-year

return period.

From the topographlcal view and amount of design flood, two alternative
dlversmn methods are conceivable. One is a conventional tunnel diversion method and
another is a multi-stage diversion method with use of an opcn channel. Design flood is
1,100 cms of 2-year probable flood.

The former method is composed of a horse-shoe shaped tunnel, 12m in diameter
and 300m in length, and two cofferdams with total length of 260 m. The latter will be
carred out by two stages and be composed of a 50m wide open channel at the left bank and
a cofferdam in each Stag_c of which_ total length will be 660m. Concepthal desi'gn of the
both rﬁclhods are shown in Figure VIIL2.1. ~Advantage of the former method is that
construction of the dam and intake facilities can be carried out in one stage,'whilé this
method will be more costly due to the construction of tunnel compared with the latter
method.

Estimated direct construction cost including 15 % of contingency of the tunnel
diversion method is US$ 8.6 million which is much higher than the multi-stage diversion
method by US$ 6.0 million. Cost breakdowns are presented in Table VIIL.2.1.

For this econornical reason the multi-stage diversion method has been selected.
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2.1.2 Feas:b:hty Desngn

_ Feambihty desxgn of river diversion bv applying Ihc mu1n~stage diversion method
'(two stagc) are as descrlbed below

The first stagc dwersmn, of which purpose is for the construction of the intake,
desanding basin and part of dam located right side from the middle of the river, is
composed of an open channel with 50 m bottom width at the dam axis and fill typc
cofferdam. - Crest clevanon of the cofferdam upstream of the waterfall was set at 320 m
above sea level (asl) and varies according to change of riverbed elevauon which elevation
is so determined that the design flood can be dlscharged wuh freeboard of 1m. The
cofferdam consists of lmpcrvlous soil zone and rock riprap zone. Excavated soils and
rocks for the construction of desanding basin will be used for these materials.

In the secbﬁd st'agé the first stage cofferdam will bé =rem0v'e:d and a new cofferdam
will be made for the construction of thc remammg part of dam on the left bank. The crest
of cofferddm was set at 324 masl upstream of the dam so that the dcswn ﬂood can be
discharged by overflowing the top of dam constructed in the first stage with the freeboard..
The sandflush gate will be kept fully open in this stage. Materials obtained from excavation
of the dam, intake facilities and waterway, which may have to be stocked, will be used for

* this coffering.

2.2 Dam and Spillway
2.2.1 A!ternati_ve Study on Dam Type

River cross section at the dam site is a flat tmpezosdal section. General width of
the river flow is around 200 m. The river flows in the river channel with a series of raplds
and small scale of waterfalls. Hard gramte is exposed along the river bed but both banks,

especially left bank is covered with deep overburden. Design of flood discharge applied to
' the dam site is 5,300 cms corresponding to 1,000-year return flood.

The following three (3) combination of dam type and spillway type Wcrc studiéd '
for selection of the optimum configuration,

Typel: - Concrete dam with non-gated spillway
Type2: .Concrete dam with non-gated spillway

Type 3: Rockfill dam with gated spillway

For the Type 1, the width of the river channel is fully utilized for a concrete weir
of non-gated spillway of which crest level is set at the same elevation as the full supply
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level (FSL) of the pondage. In the Type 2 and 3, a half of the river channel width is
utilized for spillway and non-overflow dam is located in the remaining part. General

As the result, Type 1 was estimated the most economical as shown in Table
VIIL2.2. Besides the non-gated spillway is much superior in operational view point.
Since the pondage volume is negligible smali for the volume of flood, water level rises very
quickly and varied sensitively by change of inflow. To avoid Overtopping or excessive
opening of gate; the s'pillway gate has to be operated very precisely without any delay,
always giving careful attention to the movement of water level, which will be almost
impractical. Due to the economical reason and operational view point, concrete dam with
non—ga[ed spillway has been selected as the optimum dam configuration.

2.2.2 Feasibility Design

Based on the alternative study result, concrete dam with ungated spillway has been

designed at feasibility level as presented below:

The dam axis is located obliquely crossing a waterfall; right abutment is located
upstream of the waterfall and the left abutment is at its downstream portion. This layout
has been determined mainly for the geological reason; one boring made in the Power Study
of South Brazil is located about 50m upstream of the present dam axis of which result
indicates that rock was not found. As the result intake is located immediately downstream
of the waterfall. This layout allow lower dam to take intake design discharge by utilizing
natural depth, while this layout may cause concern on sedimentation in front of intake
unless sand flushing facilities function well. Regarding removal of sedimentation is further
discussed in the following chapter.

The dam is concrete gravity type dam with non-gated spillway. The total dam
width is 301m and spillway width is 200m. Due to very deep rock foundation at the left
abutment, a part of non-overflow section. at the abutment is designed as fill type dam.
‘River bed elevation varies from 309 masl to 316 masl. FSL has been set at 319 masl.
Since cracks develops near the surface of riverbeds, 2 m depth foundation excavation is
considered. Accordingly height of overflow section varies from 5 m to 12 m and maximum
hcight' of non-overflow section is 18 m.

- Maximum flood water level for 1,000 year flood of 5,300 cms was computed at
325 msasl. Free board for concrete non-overflow sections is none and 1.0 m for the fill
section according to the criteria agreed with ELETROBRAS.
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.~ Fill dam section comprises of four. zones, impervious sod zone, filter zone, sheli _
zone and rock riprap on the upstream face. Excavued soil for the desandmg basin will be .
used for the i impervious zone. Mixture of concrete coarse and fine aggregates produccd ata
crushing plant will be used for the filter zone. Blasted rock in the des1gnated quarry will be
placed in Ihc shell zone and tiprap.

Comohdatlon groutmg has been desngned for entire area of concrete dam and fill
dam in this stage. This design will have to be reviewed based on further geologlcal
mvesnganon study. High pressure grout curtain is not needed, except for the foundation of
fill dam which should be treated by curtain grout xf rock condition is poor.

The iayom of dam and sprllway and typlcai sections are as shown in Flgures
VIIL5.2 and VIILS.3.

2.3 Intake and Desaﬁding Basin
2.3.1 General

No ahematwe study was made because chanoe of type will not remarkably affect -
construction cost. Feasibility dcmgn of 1ntake facilities are as follows

The intake ficilities comprlses a sandﬂmhwa) desandmg basin inlet, desanding
basin, and power intake. General layout, profile and sections of these structures are shown
Fxgures VIIL5.1, VIIL.5.3 and VIILS 4.

The sandﬂu_shway is locatcd on the right abutment of the dam immediately
downstream of the inlet to the desanding basin. A double-leaves gate, 5.0 m wide by 7.3
m high, will be provided for operation of the sandflushway.

The inlet to the desanding basin is located on the right abutment of the dam,
immediately upstream of the dam axis. The inlet has net opening with size of 22.8 m width
by 9.8 m height.

A desanding basin, comprising three chambers with sand flushing facilities, has
been provided to flush out the bedload and suspended sediments and prévc'ht them from
entering into the power waterway. - Tite settling basin, 52.9 m wide and 190 m long, will
be located on the right abutment immediately downstream of the dam axis.

The power intake is located immediately _downstfeam_ of the desanding basin.
Regulation of the flow into the intake will be undertaken with 3.8 m wide by 4.8 m high
roller pates. ' '
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2.3 2 . Sandflushway

A sandﬂﬁsh\#ay_ has’ been inc'orp'qratecl into the right abutment of the dam. The
ﬂhshway, the sill of inlet and the submerged sill have been oriented in order to maintain
high velocity flow th_roiagh the sandflttéhway. Final dimensions and orientation will be
based on hydraulic model tests. |

The iﬁve;rt of the sandflushway inlet has been set at 312 masl, 3 m lower than inlet
sill. This invest has a function to prevent sediment, which will have accumulated in front
of the sandflushway, from flowing into the inlet as much as possible.

chuiatién of the sandflushway will be achieved by opération of a double leaf
gate, The sundflush gate will be operated by mechanical equipment installed on a
suspended slab located above the sandflush gate. The gate will be also regulated to

- . discharge river maintenance flow and to flow out debris floatmg in front of the inlet. For

maintenance purpose a stoplog slot is provided for in the sandﬂushway piers.
2.3.3 Inlet

The inlet was designed based on the intake design discharge of 90.0 cms and
“allowable vel(')c'i_ty of 1.0 m/sec at the trash racks, which is the maximum veldcity_
appropriétc'for operation of trash-rack rates and gates. As the result, the inlet sill is set at
315.0m and the opening below FSL has a cross-sections of 4.0 m high and 22.8 m wide.
In front of the trash rack concrete curtain wall was provided for prevention of timbers and
floating debris from approaching tb the trashrack. Four sets of rash-rack will be required.
Two mechanical trash-rack rake will provided for the trash-racks to clean.

As described in Secuon 8.2.2, the inlet is located immediately downstream of
watcrfall This layout may increase sedimentation accumulation in front of the inlet. It is
cons;dcred to remove it by _ﬂushmg operation at this stage. In case of more sedimentation
is anticipated in hydrziuiic m'odel tests in the next design stage, it is recommended to study
sluicing operation which sluices out bed loads downstream without allowing sedimentation
in front of inlet by keep partial opening of gate for the period of rainy season when bed
loads are transported. At this time type of the gate should be re-studied to meet this

operational requirement,
2.3.5 Desanding Basin

~ One of the essential design features of the intake facilities of a hezght -head power
' plant is p:cvcnnon of suspcndcd sediments and bedload intrusion into the headrace tunnel.
The sediment mvesttganon results made in this stage indicate that concentration of sediment
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~ with i)érticic size larger than 0.3 mm which will significantly affect progfres?s of abrasion of
hydro—mechamcal cqu:pmcnt is very low, though mostof the sample were taken during dry
season. Howcvcr. due to the followmg reasons, an mqmllauon of the desandmg basm has
been proposed '

(i)  This project has a high-head power plant with about 6 km long hcadrace It
is vulnerable to scounng due to high velogity of sediment flow and once the
scouring takes place in the’ headrace tunnel, much difficulties will be
encountered for its repairing and maintenance. '

(ii) The penstock steel pipe is embedded in under grouhd'and power operation
is made using muddy water ih the rainy season. It may occur abraison for
the embedded penstock steel plpc and turbmc

The desandmg basm compnses three inlet gates three settlmg chambers and three
sets of ﬂushmg system composed of channels. At the upstream end of each desanding
chamber a roller gate, 3.7m wide by 4.4m high, will be msta]led It will be. operated when
sediments deposited in the chambcr_s is flushed out. Transition channels extend
immcdiatcly after the gate to the desanding chamber, The width of settling chamber is
15.3m and depth of water will vary from 4.3 to 6.5 m. The side walks extends to elevation
319.0 masl so that surplus inflow can de spilled out. This side spillway will funcnon to
spill out th{; water push back from the headrace waterway during surging. 'Dimension of |
the chamber has been decided based on panic!e size of 0.3 mm and a flow velocity of 0.3
m/sec in the desahding chambers. ‘ - | '

The flushing channels are located at the invert of 'Chamber;: Regulation of flushing
will be achieved by operation of 2.5m wide and 1.0m high slide gates. Each chamber will
be used sequentially in order to avoid. suspc:jéion of power generation. In the design,
three set of flushing facilities consisted of a flush channe!s_gnd lide gates. are installed in a
chamber and flushing channels are oriented perpendicular to the flow water in the
chambers. Theses design should be defined based on hydraulic model test to be carried out
in the following stage. '

2.3.6 Power Intake

The invert of the headrace tunnel at the intake has been set at 3060 masl. This
elevation has been determined to provide sufficient depth at the intake below the full supply
water level, to avoid vortex formation and consequently air enfrapment. Regulétion of flow
into headrace waterwéy will be made by three roller gates which will be operated from
- mechanical equipment installed on the hoist deck. '
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2.4 - Heardace Waterway
2.4.1 Alternatives of headrace waterway

" Alternatives on type of water conveyance method, alignment, liming type and

diameter of headrace waterway were studied.
(D Water conveyance method

There are two water conveyance system, open channel Waterway system and
tunnel waterway systern. In this scheme, for topographical reascn, tunnel waterway
system has been selected. ‘For tunnel conveyance sy'stem, two water conveyance methods,
free flow tunnel and'p'rcssure tunnel are conceivable. Free flow tunnel system comprises
free flow tunnel, head tank at the end of wmnnel and spillway at the head tank, Pressure
tunnel is composéd of pressure tnnel and surge tank. Free flow tunnel has an economical
merit because water can be éonveyed with less head loss in comparison with pressure
tunnel with similar construction cost when plant discharge is small.

In this scheme, however, head tank will have to be made underground and
conveyance of 90 cms discharge will need large size tunnel, which will be more costly than
pressure wnnel system. Accordingly pressure tunnel has been selected.

3 Alignment

There -are two deep valleys downstream of the desanding basin, one is
approximately 100m and another is 800m, which will affect the design of tunnel alignment.
Location of these valleys are as shown in Figure VIIL.2.3.

"To cross the first valléy two methods were considered, one is supporting a culvert
type waterway by bridge structure and another method is driving the culvert type waterway
along the slbpe of upstream side of the valley up 1o the location where the culvert can cross
the valley on ground. The first method will shorten the waterway culvert by approximately
100m in comparison with the latter method, while a 200 m long bridge will be required.
The construction cost will be significantly costly compared with the latter method. For this
reason the latter method has been selected. The length of culvert will be 404 m and at the
end of the culvert tunnel wateMay starts. For water tightness steel liner will be embedded.

_ Two a'ltern'a_t.ivc alignments, Route I and Route I.I, were considered to cross the
second valley. The a_lighment of route ! is S_traighl from alignmcht the portal of tunnel to the
surge tank that makes the length of watérway shortest. The total length_of waterway from
the end of desanding basin to the surge tank is 6,091 m. This ali gnment, however, will not
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allow the waterway to pass the valiey by tanneling because of insufficient thickness. of
cover under the valley. A culvert waterway lined with steel s, consequemly, required to
cross the valley, which construction cost will be higher in comparlson with that of
~tunneling. The alignment of Route 11 was set by sifting the tunnel downstream by 500 m
so that the tunnel can pass under the valley, resulung that the waterway length is 6,330 m,
longer by 239 m than that of Route L This alignment saves the construction cost of culvert,
while the consrruction cost of tunnel and head loss is mcrcascd by the increased length.
The above ahgnment of each route is also shown in Figure VIIL.2.3. Shotcrete hmng will
be apphed to the entire length of each tunnel except the first 20m at each portal and 540m
for rhyohte rock zonc and weak strength rock zones, wh:ch :0:al length is assumed around
' 540m as supulated in the plan formulation. Length of each rote are as shown below.

Route 1 Routc II_

Culvert waterway (m) 454 404

‘Tunnel waterway | ' L |
Concrete lining (m) 600. 560
Shotcrete lining 5,037 15,366

‘Towlléngth(m) - 6,091 6,330

Incremental construction cost and loss of eénergy benefit due to head loss of Route
I for these of Route [ were estimated. Rate of contingency, indirect cost and interest are as
-~ used in the plan formulation studies. Assuming three year construction period for these
structure rate of annual disbursement is set at 0.35, 0.35 and 0.30.

As the result, the construction cost of Route 11 was estimated bhe_aper by US$
171,000 but loss of benefit due to incremental head loss is US$ 415,000 in 50 years
operation, of which breakdowns are presented in Table VII1.2.3. In total incremental cost
of Route II is US$ 244,000, which indicates no remarkable differences.in economic
superiority to each other. Route I, however, has possibility to cross the valley by tpnneling '
if the geological condition allow tunneling with thin cover, _u}hich should be studied based
on drilling investigation in the next stage. Based on this Route [ has been adopted.

(3)  Lining type

Result of the geological investigation shows that most of rock along waterway
tunnel is hard and mas_s'iVé granite which is considéred 1o selfstand without supporting in
long term, Serious erbsion due to flow of water will not cause and 1eakage through the
tunnel is considered very lite. From these rock condition, non- lmmﬂ low pressurc funnel

is considered techmcally feasible.
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Non-lining tunnel is cheaper in construction cost but reduces generation energy
due to higﬁ head loss compared with concrete lined tunnel having the same diameter, In
order to select an appropriate typé of tunnel lining, at first an optimum diameter of concrete
 lined wnnel was determined to minimize total of construction cost and loss of energy
benefit. Secondly, the diameter of different types of tannel lining, unlined, shotcrete lined
and_TBM, was first obtained which yields the same amount of head loss in the concrete
lined wnnel. Construction cost of these were then estimated.

Roughness coefﬁgie'nt (Manning's coefficient) by which head loss is estimated
was estimated 0.013 for concrete surface, 0.024 for shotcrete surface, 0.035 for blasted
rock surface and 0.016 for rack surface excavated by a tunnel boring machine (TBM).
Further 0.019-and. 0.029 were used for shotcrete surface and 0.03 and 0.04 for blasted
rock surface to observe the scnsmvny due to varics of roughens coefficient since head loss
is affected by the roughness cocfﬁc1ent The results of study are as follows:-

' Roughens Dla._ | Unit const. cost Construction Incremental cost
coef. . {m) (thousand us$/m) cost t?niclt;l;llc;g’,)te:lining
: . {mill. us$) ‘
‘Concrele lining | 0.013 | 4.8 5.76 325 .
§ 0.019 | 5.5 4.43 25.0 -1.5
Shotcrcte 0.024 6.0 5.04 28.4 -4.1
lining
' 0.020 | 6.3 | 5.63 31.7 -0.8
0.030 | 6.3 . 4.53 25.5 -6.9
Unlined 0.035 | 6.7 5.04 284 -4.1
' 0.040 | 7.0 6.74 38.0 5.5
TBM 0.016 | 5.3 5.24 - 29.5 2.9

As seen the above shotcrete hnmcr is superior to concrete lining over the range of
roughnf:ss coefficient from O 019 10 0.029 and almost same as unlined except the case that
roughness coefficient of blasted tock is 0.04 where unlined tunnel becomes costly. Based
on these figures and considering limited geological data available at present, shotcrete lining
has been selected.

(4)  Optimum tunnel diameter

Lafgcr tunnel diameter increases construction cost and at the same time decreases
head loss rcsultmg in incremental energy benefit. "Optimam diameter was, hence,
determined to mmlmlze the total of construcuon cost and loss of energy benefit in 50 year
operauon. Roughncss coefficient apphed to concrete and shotcrete are 0.013 and 0.024.
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Percentage of contingency, indirect cost and interest rate are the same as those applied to the
waterway alignment studies.

The result indicates that 4.8 m is an optimum diameter for concrete lining tunnel
and 5.8 m for shotcere lining tunnel, as seen in Figure VIIL2.4.

2.4.2 Feasibility Design

Based on the above alternative study results the feature of headrace waterway
designed are as described below:

Headrace waterway from the end of desanding basin to the surge tank is
composed of two culvert type waterways and two tunnel type waterways, of which total
length is 6,165m and with longitudinal slope of 1:309.

The first culvert waterway, named No.1 culvert, starts from the end of power
intake to the first tunnel portal with length of 403.8 m. The second culvert, named No.2
culvert, is located at the cross point of the waterway and the valley about 800m dowastream
from the end of desanding basin, which length is 50 m. Diameter of No.1 culvert was set
at 4.8 m and no.2 at 5.8 m. In general it is not preferable to change the diameter from
smaller size to larger size in pressure tunnel because this change creates gaps at the crown
of tunnel which will trap air when the tunnel is filled with water. Major section of the
headrace tunnel was designed as the shotcrete lining with 5.8 m in diameter. However, to
save the construction cost of No.1 culvert smaller diameter has been adopted to lower the
invert of tunnel connecting from culvert in order 1o keep the crown of tunnel at the same
level. For prevention of water leakage through construction joints and cracks of concrete,
installation of steel liner is recommended. The sieel liner is extended into the tunnel by 20
m from portal aiming at improving the water tighiness between the tunnel and the culvert,
To minimize differential settiement rock foundation is recommended for the culvert. The
portion where deep excavation is required to reach to rock bed is filled up with free drain
materials after completion of the construction of culvert.

The upstream tunnel, named No. 1 tunnel is located between the culverts of which
length is 492 m. The another tunnel, named No.2 tunnel, extends from the end of No.2
culvert to the surge tank with length of 5,145.3 m,

According to the past and present exploratory drilling and geological survey along
the tunnel alignment ( 8 holes in total for tunnel and penstock), rock along the majority of
the tunnel alignment is hard and massive granite from the porral of No.1 tunnel to around
120 m upstream from the surge tank. Rock in the vicinity of the surge tank is hard rhyolite
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and lots of joints are- developed. Most of the granite is considered strong enough 1o
selfstand in long term. Such rock portion is assumed to be about 90 % of total tunnel
length. The remaining portions; about 600 m in total length are assumed to be weak granite

. and cracky rhyolite,

The tunnel where rock is hard granite will be lined with shotcrete and the
remaining is prOtected by concrete. The diameter of shotcrete lining section is 5.8 mand 10
cm thickness of shotcrete will be spraycd Diameter of about 120 m long concrete lined
tunnel upstream of surge tank was also set at 5.8 m to keep the same tunnel diameter of
shotrcrete lined tunnel. Downstream from there to the end of headrace tunnel the entire

- section was lined with concrete. In this section diameter was set at 4.8 m. Thickness of
concrete lmmg depends on rock condition and 40 cm thick concrete for the portals portion
and peor rock condition, and 25 cm plain concrete for fair rock were adopted. These
diameters and lining methods should be reviewed based on further geological information
in the next design stage as well as the construction stage beCé_use these sensitively depend
on blasted rock condition. | '

Plan and Profile of waterway and sections are shown in Figure VIIL.5.1 and
VIII 5.5. '

The tunnel will be excavated by conventional drilling and blast methods. No
" construction adit will not be provided for the both tunnel considering that tunneling will be
carried out from both upsfream and downstream portals without encountering large amount
of spring water during its excavation. '

2.5 Surge Tank

For regulation of the turbines as well as for control of water hammer a surge 1ank
is, in general, pfovided at the end of the headrace tunnel when the headrace pressure tunnel
is relatively long. In this design stage a cvlindrical shaft type with orifice, has been
designed.

The dimensions of surge tank was determined based on the results of a hydraulic
'éomputation on upsuré,é and downsurge. In up-surge énalysis, rapid closure of governer at
100% load at maximum water level at the power intake, 322.5 masl, was considered. In
downsurge rapid increases of load from 50 to 100% was considered at full operation level
of 319 masl. The results indicates upsurge of 329.8 masl and downsurge of 297 masl for
the diameter of 17 m.
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According to the geological investigation, rock is hard rhyolite while joints are

developed. The shaft wxll be constructed bemﬂ temporally supportad by shoterete and spot
rock bolts and lined wnh 80 cm thick concrete

2.6

2.6.1

: P]an and sections of surge tank is as shown in Figure VIILS.6.

Penstock
Alternatives of penstock

Alternatives on type and alignment, number of lanes and diameter of penstock

were studied.

W

Type and alighmé_ht_ -

Since the powcrhouse will be an open air type powerhouse, both type of

penstock, open air penstock and hxgh pressure turinel penstock, are conceivable in tl’us

scheme. Advantagc and dlsadvamage of each type are s‘ummanzed as follows; _

'Opcn air (ype - Construction cost of open excavation and concrete work is

much cheaper than that of underground construction, while steel penstock pipe is
required for the entire length from the surge tank to the powerhouse. In addition a
penctock valve will be necessary at the begmnmg of the open steel penstock for

: prevenuon of fatal damage 1o the powerhouse in the event of acmdem such as

collapse of the pipe.

High pressure tunnel type : Construction cost of underground structures is costly
while steel tiner will be partly eliminated if rock condition is good enough.to
satisfy structural stability and water tightness of high pressure tunnel, and no
penstock valve will be requlred

In this study, followin g one open type penstock and two high :oressure tunnel type

penstocks were contemplated;

Typel:,

Type Il :

Open penstock type which comprises 60 m horizontal penstock tunnel
extending from surge tank, 433m long sieel pipe, a penstock valve, and
concrete supports,

I'—Iig'h'prcssure tunnel penstock with com‘b'ignation of a 174m deep vertical
shaft and two hoﬁzontal tunneis, 20m long upper tunnel and 394 m long
lower tunnel. The horizontal tunnel is lined by steel pipe over the length of
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324 m from the powerhouse toward upstream. Remaining section and the
vertical shaft is lined only by concrete.

Type HI : High pressure tunnel penstock with combination of 250m inclined shaft and
two horizontal tunnels, 20 m long upper tunnel and 324m long lower
tunnel. This alignment was determined to allow the length of inclined tunnel
and upper tunnel unlined with steel liner, resulting that the surge tank was
shifted by 100m upstream. As huge amount of excavation will be required
‘to make open end at the top of surge tank, the surge is designed as a cavern
shape. -

Sketches of ;hé above aitc_rhativcs are shown in Figure VIIL2.5 and main
dimensions are presented in Table VIIL2.4. The section unlined with steel liner was
determined based on the criteria so called r&le-of_-thumb criteria introduced by Bergh-
Christese and Dannevig in 1971 and the criteria used by ELETROSU of which contents are
as described in Chapter 3.9. Diameter of each component was obtained from an optimum
diameter analysis, which is described at the end part of this section.

Economic comparison Was c_hrriecl out by estimating construction cost including
contingency, indirect cost and intere’st_and loss of energy benefit due to head loss in 50 year
operation. The result indicates that Typé I is more economical, by US$ 3.0 million and
US$ 1.3 million than Type I and Type III, respectively. A summary of economic
comparison is presented as below and details are shown in Table VIIL2.5.

: S Type 1 Type 11 Type 111
Construction cost (mill.US$) 211 17.8 19.3 -
Loss of energy benefit (mill.US$) 1.5 1.8 1.6
Total 226 19.6 20.9

(2) Number of langs

As two units will be installed in the powerhouse. the following two alternatives
were considered. '

Alternative I: Onei lane from the surge tank to some ten meters upstream of the
powerhouse and from there the two lanes by a bifurcation.

Alernative Il: Two lanes from the surge tank to the units. At the beginning of each
pressure tunnel a penstock valve is installed.
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Alternative II is cv1dcmly much 1 more co‘;tly than thaz of Altemanve 1, whnle this
has an advantage to be able to keep operation of one unit in the event of maintenance and

‘repair o_f pcnstoc:l\_

No fatal shoriage in the system where this powerhouse will be conrnected i 15
forcsceable due to stoppage of operanon because capacity of power system where the
power house will be connected is very large in comparison with that of the powerhouse.
Alternative 1 has been selected accordingly. '

)] D'izemefer

Incremental diameter increases construction cost, whiic at the sanie time decreases
head loss and wa!cr hammer and loses stability in generating. Incremental head loss
directly affect energy benefit. Increased water hammer will require heavier steel lmer 'md
turbine. Loss of stability will need heavier generamr interia (GD? generator.

Water hammer 15 also controlled by c]osmg time. Accordingly two parameters
diameter and closing time were considered.

The alignment of penstock as shown in F'igu_r‘_e' VIIL5.6 was used. Length of
penstock tunnel to be lined with steel was based on the above criteria. The optimized
diameter of headrace tunnel lined with concrete has been applied to the section with steel |
liner. “The diameter after the bifurcation was determined from the design of turbine. Based
on the estimation of total of construction cost and _1033 of cné'rgy benefit for 50 year
operation, a 'combinat’ion of 4.8 m diameter of steel liner and 10 second closing time is
found the most economical, as seen in Figure VIIL2 2.6. Details of the study results are
presented in Table VII1.2.6.

2.6.2 F'easibility | Design

- The penstock extends from the center of surge tank to the' powerhouse.
Horizontal length from the surge tank to the center of unit is 425m. Difference in elevation
between the spring line of twnnel at surge tank and the turbine center is 179 m.. The
peastock is composed of a 20 m long low pressure tunnel driving from the surge tzi_nk, a
174.4 m long vertical pressure shaft and a 393.5 m long pressure horizontal tunnel
connecting to the power house. Length of the tunnel lined with steel liner is 323.5 m from
the powerhouse. A bifurcation will be set at 43m upstream ffc‘mu the center of unit,
Diameter of the section with concrete hnmg is 4. #m and 40cm thick reinforced concrete
lining will be applled to this section Diameter of section with steel liner before the
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bifurcation is 4.3 m, and 2.5 m in its downwards. Sixty (60) cm thick concrete lining has
‘been designed which is considered minimum working space between stee! liner and wnnel.

o de_borin’g investigations were made along the penstock route in the Power Study
of South Brazil and three 'borings were drilled in this stage at about 500 m downstream
away from the pcnstock route. These investigation results show that rock along the
penstock route is hard rhyolite with axial compressive sirength of 191 to 207 Mp and
dynamic elastic modulus of 66.9 to 69. 9 Gpa. Though the cores recovered were fractured
along joints, most of these joints are considered tightly closed insitu in general because all -
“the Luzion values except one result are recorded less than 1.0. It should be noted that water
ascapc= during drilling of the hole made in this stage was observ.ed, which indicates high

permeable zones existing locally.

Because of considérable favorable geological condition in Brazil design of high
pressure tunnel unlined with steel liner has been common approach in feas'ibility design
'cxccpt that geological mvesnganon indicates clear concemns. Although amount of boring
investigation made so far is insufficient to make a reliable whole geological picture for
definitive design, the pressure tunnel without steel lining has been adopted considering the
available investigation results of high physical strength and low permeability of rock. In
the design, the criteria so called rule-of-thumb criteria introduced by Bergh-Christese and
Dannevig in 1971 and the criteria which have been used by ELETROSUL were used. . To
minimize amount of leakage from the unlined section consolidation gronting will be carried
out. Installation of drainage system composed of two horizontal drain adits, one will be at
160 mas! and -another at 220 mas! and drainage curtain was recommended mainly for
prevention of bij'ckl_ing of steel liner due to external water pressure in case of dewatch'ng of
the penstock. In addition this drainage system will be effective for prevention of slope
failure in front of powerhouse due to rise of | ground water level after commencement of
operation. At the upstrcam end of steel liner high pressure grout curtain will be made for
seepage control.

Plan, profile and sections of high pressure tunnel are shown in Figure VIIL5.7.

Tunnel and shaft will be constructéd by conventional drill and blast method.
Shotcrete and spots rock bolts will be required for Lcmpor'ally tunneling support. To be
able to construct in parallel with powerhouse construction an construction adit of which -
- diameter is 5.5m will be provided from the switch yard, After instatling the steel liner

concrete will be placed for filling the spaces between steel liner and tunnel.
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2.7 P’owerhouse :
2.7.1 Alternatives of 'pewerhouse

Altern'mves on number of generaun £ units, lncauon of powcrhousc site and type
of powerhouse were studlcd '

n Number of gcneratmg units

If the more number of generatmg unit is mstallcd thc fiexlbﬂny in operation w111
be higher but the construction cost will increase. From this view point, one unit is not
usually _zidapted exéept for a very Smal_l scale p_lant cdmparcd with the system scale since the
generating capacity of the powerhouse will be totaily lost 'dhring its scheduled maintenance
and forced stoppage. Two unit installation for this scale of generating capacity is
considered the most economical solution in general. However, in the case of run-of-river
type dcvelopment where daily regulating pondage’is not provided, further consideration
should be made to an operation mode during tow inflows and the minimum discharge. In

this view, more units mstallanon_ than two couid be more feasible. '

Ac,cordmgly two, three and four units installation were studied. The following
factors which will substantially affect economic comparison studies have been considered
as follows.

Minimum plant discharge

_Ef'ﬁc_'ienc'y-of Francis turbines of recent prbductibn'may 'a]l_ow partial load
operation down to about 30 % load, however minimum load of 40% has been ad'o‘pt'e'd as a
common practice. The minimum turbine discharge will be 18cms for two units instatlation,
12cms for 3 units installation and 9cms for 4 units installation.

Combiﬁed efficiency

Combined efficiency of each number installation is as shown in Figure VII1.2,7.
The principle features of generating equipment for each case are as shown below:
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2 units

E 3 units 4 units
Unit output (MW) 70 46.6 34.8
Max. unit discharge (crs) 45.0 30.0 22.5
Min. unit discharge (cms) 18.0 12.0 9.0
Unit efficiency at full load 0.894  0.892  0.889
Rated speed (rpm) 327.3 400 450
Specific speed (m-kw) 135.0 1311

133.1

Pgwgr loss due to planed stoppage

~ Two kinds of scheduled maintenance are foreseen, minor maintenance to be made
yeaﬂy for 7 days and major overall to be made every 12 years for 30 days for each unit.
However, as seen in Figure VIIL.2.8 stoppage of generating due to low inflow are well
foreseeable. Low flow records are observed especially in May and June. Based on the
daily runoff records during the critical period the number of days in May and June which
are lower than 63 cms (=45 cms+18 cms) for 2 unit installation, 72 cms (=60 cms+12 cms)
for 3 unit installation and 78 cms (=68 cms+9 cms) for 4 unit installation are 44 days, 46
days _ahd 50 days in average. This indicates that power loss can be avoided if the minor
maintenance is scheduled in May and June. Hence power loss only due to the major
maintenance was considered. Rates of power loss due to the planed stoppage for each case

is as follows:

No.of units 2 units

Rate of power loss 0.125

wer Jasses du mplann ag

Perécntagc of unplanned stoppage to be used for feasibility.study has been
specified as 7.7 % by ELETROBRAS, which scems to be relatively high. With this,

3 units

0.194

4 units

0.271

probabilities of various unplanned stoppage can be derived as shown below:

Probability of one unit shut down
Probability of one unit shut down
Prob':ability of one unit sﬁut down
Probability of one unit shut down
Overall probability of shut down

2 units
0.14807
(0.00593

(.15400

VIIi-17

~ 3 units

0.21276

0.00178
A0.00046

(0.23100

4 units
0.27102
0.00355
0.00137
0.00004
0.30800



The p:otcmia] loss.of water during the unplanned s_tc')pp‘ages are shown inﬁFigur;:
VIIL2.8. The expected loss of water can be est_imnted_by_ multiplying the potential loss of
water with the probability of stoppages. As the result the loss of energy generation in -
percentage are estimated as follows:

2 units 3 tnits 4 uniits
Loss' of water in year {(mill.com} 79.7 74.4 - 756
Loss of energy generation (%) 5.38 - 4.88 4.92

Construction cost

- For each alternative construction cost of turbine and generator, civil works and
penstock bifurcation 'and pen_stock liner downstream of it are considered.

Bascd on thc above conmderauon an economic companson study has been made
Estimated net benefit, namely energy benefit i in 50 years operation minus constructlon cost
are as summarized below, and details are shown in Table VIIL2.7. .

2 units " 3 units R 4 units

Construction cost (milLUS$) 731 81.8 -~ 85.0
Energy benefit (mill. US$)- 3272 3343 ¢ 334.5
" . Net benefit (mill. US$) 254.1 252.5 249.5

- As shown above two unit installation is the most economical, namcly by i. 6' '
million US$ and 4.6 million USS$ in comparison with three unit instaltation and four unit.
installation. Besides, duration of non-operation period was exarnined for two units and
three units installation. Result of the examination shows that the duration of hon-op’erating
period is 15% of the critical period for two units case and 10% for three units case. Based
on this economical comparison and duration period of non-operation two units installation
was selected. It is, however, recommended in the next deign stage, to further study on this
matier from the operational point of view because economic supcnomy of two units
installation is not so large as to discard three unit installation.

{2) Location of site

At around 400m downstream of the pc')werhousc_s'ité selected in the pre-feasibility
study, the river sharply bends 10 the left and there is rclativelly' flat area at the beginning of
the bend. This arca had been considered more attractive than that of original site due to the
following reasons: - ‘
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- Amount of excavation will be smaller by 100,000 cum which corresponds 1o
US$ 0.6 million. in direct cost, and

- No serious damages to the opposite river bank by erosions will not be caused by
tailrace water flow because direction of tailrace is oriented to the middle of river

flow.

S'ifiing of the powerhouse downstream increases the construction cost of
waterway by the increased length, but does not eff_ccti\_.fely contribute to gain available head
| bcéause tailwater level around these sites is fully controlled by the natural sill at riverbed
around '400m downs‘t'rearﬁ"of the original' powcrhouse site. As the result economic
superiority will be almost same as the original site. However, number of houses to be

removed will increase from 12 to 18,

Locations of the original powerhouse site, named Location I, and the alternative

site, Location II, are shown in Figure VIIL2.9.

Three boring investigations were carried out at the surge tank, penstock and
powerhouse of Location II. The results indicate no remarkable difference of geological

condition between these two sites.

Mainly for the environmental reason, the aliernative location was discarded and the

location proposed in the pre-feasibility study has been employed.
(3) Type of powerhouse

In additdon to the open air type powerhouse considered in the plan formulation, an
underground type pchrhousé was studied. - Because of flatter topography at the site and
low land compenéation cost, construction cost of underground type is more costly in
'comparis_oh'with open air type in general, however underground type has an advantage to
minimize environmental impact mainly for appearance and erosions of excavated slopes.

Gen_eral plan, profile and sections of underground powerhouse designed are
shown in Figures VIIL2.10 to VII1.2.12.

It was, however, found that excavated area would not reduce as expected because
dé@p.opcn excavation would be required for construction of the access tunnel portal due to
thick deposit on the siope. Construction cost of the underground: powerhouse was
estimated at US$ 16.8 million as shown in Table VII1.2.8. Reduction of penstock steel
liner length in comparison with the layout of open air type powerhouse as shown in Figure
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VHLS5.6 will r_educe.the construction cost by about US$ 2.0 million. 'As the result, the total
incremental cost to the open air type will be about USS 3.8 million.

‘Based on the above, open air type has been selected.
2072 Feasibility design

The proposed powerhouse site is located on the right bank of the Itajei river.

There are smail rapids at around 100 m upstream dnd at 400 m downstream which controls

| water levei at the. powerhouse site, Tailwater level at mean annual ranoff i is approxxmately

111.6 masl. Ten thousand year fiaod of 12,000 ¢ms with corresponding water level of 215
masl. has been adopted for design of substructure of the powerhouse. ' :

The powerhouse i$ an open'air type powerhouse with two units. Type of turbine
will be vertical Fransis and generator 1s three- phase vertical shaft arid seem- -umbrella type.
Main dimension of the powerhouse structure is 58.5 in'len gth, 31. 5m in width and 43.5m
in height. To dxscharge used water for power generation smomhly into river, the
poWerho'use was shifted by 15 degree clockwise to the penstock line.

'The poxﬁerhouse will be separated by six ﬂo_ors;' namely, inlet val\;e‘ﬂo:or

(El. 104.0 mas}), Cooling'water floor (El. 105.7 masl), turbine floor (El. 109.7 masl),

generitor floor (EL 114.0 masl), main machine floor (EL 12_0,0 masl) and erectior_l bay

(EL. 125.2 masl). The machine bay will need 19 m in width, cohsid_eri_ng size of the

turbine spiral case, size of the inlet valve and space necessary for conneciien-to the

penstock. Span between the crane rail centers will be 16 m. The two units will be spaced

at 18 m ceriters to secure the necessary space for the turbine installation and for arrangemcnt

“of the turbine auxrhmes and elecmcal equipment cubicles. The lenglh of the machine bay
will be 40 m. The erecnon bay for unloading and dssembly of the machinery will be

provided at El 125.2 mast to carry packages eastly into the erection bay from the ground

level at E1, 125.0 masl. The crection bay will need an area of 19.0 m x 18.5 m considering
the pessible approach of the powerhouse crane, and will need 13 m in height for lifting the
generator stators and rotors with the powerhouse crane. The control room will be located at
El. 120.0 mas! floor in the powerhouse at the downstream side of the machine bay. An

elevator will be provided in the powerhouse for the operator's convenience.

The dimension of tailrace channel will be 60 m in length and.28 m in bottom
width, Since the existing road will be discontinued by the tailrace channel, a concrete bridge
with a clear span of 36m will be provided.' An concrete pier will be installed at the middle
portion.” '
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The pbwerhdusc arrangement is shown on Figures VHL5.6 to VIIL5.8.

The transformer yard for installation of the main transformers will be located at the
ground level behind (at the penstock side oﬂ the powerhouse The outdoor switchyard will
be located next to the powcrhou‘:e at the opposite side of the crection bay and will have an
area of 80 m x 55 m for 138 k'V conventional switch gear.
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3 HYDROMECHANICAL EQUIPMENT
3.1 | General

Thc Hydromcchamcal equlpment including gate for sandﬂushway, inlet trash
racks, raklng equipment and disposal system, inlet gate and sioplog, sand drain gates, draft
tube gate, steel conduits and steel liner were deqwned in accordance with the standards

apphcd in Japan.
3.2, Gate for Sandflushway

It was contemplated for design of the gate for sandflushway to Satisfy the
following functions capable of; '

(i) Keeping the closed condition usu:ﬂl y.

(i) Fully opening the s_andﬂushwajr for releasing flood discharge more than 135

cuLn‘i/s-(l.S times of maximum intake inflow), which will be éutomatic’ally

' ‘operated in response to change of water level measured by a float-mounted
type water level detector.

(iiiy Fushing out opening against silt load of sediments which will be
accumulated in front of the gate.

(iv) Releasing river maintenance flow of 7.2 cu.m/s with about 1.0 m water
depth.

{v) Allowing overflow of debris and timbers,

To satisfy the required functions, the gate and qtopl(w for the sandﬂushway were
deslgncd under the following concepts;

() Afreeboard of 0.3 m is adopted for wave by wind.

(i) A fixed-wheel type with double-leaves is required. A fixed-wheel type
should be strong for impact such as by timbers and stones.

(iif) Deflecting plates of about 1.3 m in height on the both end of lhc top of
upper leaf are provided to regulate overflow,

(iv)  The guide frame is extended up to of thc hoist dcck for gate maintenance of
the gate on the deck at EL. 324.8 m.
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v)

(vi)

(vii)

Reservoir water level detector is provided to monitor water level.

Desi.g:n head of the gate should be calculated based on the maximum flood
water level to cope with the operation during flood.

One set of stoplog is provided in front of gate facilities. Each stoplog will be
handled by an electrical monorail crane. A steel wagon for storage is
prdvide'd it a space between the sand flush way and the power intake. This
monorail crane will also be utilized for handling inlet stoplog.

The features of the gate design based on the above concept are as follows;

-~ One (1) set of double leaves-fixed wheel gate, with guide frame and electrically
_driven hoist (one motor - two drums type). having net opening of 5.0 m wide
by 7.3 m high.

— One (1) set of four pieces of stoplog with one (1) set of frame for each stoplog
slot, a lifting beam,f a monorail crane and all necessary steel structures, having
net opening of 5.0 m wide by 7.2 m (4 @ 1.8 m) high.

3.3 Inlet Trash Racks

To prevent flowing foreign material into the waterway, the trash racks were

designed under the following concepts;

)

(i)

(iii)

Trash racks are provided for the surface type intake covering 9.8 m in height
between the sill at EL. 315.0 m and the deck at EL. 324.8 m. Approach
velocity should be limited to be less than 1.0 m/s, for prevention of
unfavorable vibration of the trash racks due to Karman vortex and for the

raking operation..

Trash racks should be of the fixed type, but removable when repair, and
should keep a water head difference of about 3.0 m between their up-and
downstream sides considering raking operation.

Space of bars in the trash racks less than one-fortieth of diameter of turbine
(D) is recommended. Accordingly the space will be around 75 mm.

Feature of the trash rack thus designed is as follows;

- Four (4)_sc15 of fixed trash rack, covéring each net area of 5.7 m wide by
10.146 m slant high.
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