3.4

Raking Equipment' and Disposal System

In order to prevent clogging trash racks meshes due to concentrations of debris
and to dispose it, the raking equipment and disposal system were designed under the

following concepts,

(i) | Raking eqmpmcm is opcrated from the dcck at EL. 324.8 m. It should
cover whole the area of trash racks. g

(ii) Two (2) sets of raking m:achirie Which will travél on rails are p'rovided,

' ConSiden'ng the area of trash rack and malfunction of one unit. -

(i) A rake w1clth in one time rakmg operation is around 2. 0 m, conmdennc 5.7
m trash rack width.

(iv) Each raking machine_'wi_ll have a operator cab on its bddy and will be
operated at there manually o automatically by electric sequences suchasno-
man cornitrol by means of periodic. operauon or detector to monitor head loss
at the trash racks.

(v) Trashes and garages, etc. raked u:p by the rakingﬁniachincs W'ill be dumped

3.5

onto the horizontal stationary conveyors which will be separately provided
beneath the main bodies, and then conveyed to trash bins which will be
located at the right bank side. When the bins become fﬁli, these will be
transported by trucks to designated place for incineration.

~The feature of the raking equipment thus desi gnis as follows;

— Two (2) sets of iraveling type mechanical raking equipment with one set of

stationary conveyer system, four numbers of bin and one lot of hydraulic type

container truck, having each capacity of 0.5 1on /2.0 m rake width by 0.5 m

- rake mouth opening.

Intet Gates and Stoplog

In order to close and open the inlet of the desanding basin for dewa_teﬁng of the

desanding chamber and headrace waterway for regular inspection or cleaning; the inlet gate

and stoplog were designed under the following concepts:

)

An inlet gates is pr0v1ded at.the inlet of approach channel of each desandmg
chamber, and usually kept full opened
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(i)

(i)

(V)

(v)

Each gate should be of the fixed-wheel type, sealing at its downstream face
edges. It shall have enough self-weight to shut-off full water flow, and
also capable of partial-opening without any vibration to feed clcaning water.

Each guide frame is extended up to the hmst deck for maintenance of the
gate from the deck at EL. 324.8 m.

Each gate is Opci'axed by a each hoist to be located on the hoist deck which
will be of one-electric motor and two drums type, moving with a speed of
around 1.0 m/min. to attain the objectives mentioned above.

Stoplog is proi:ided in front of each gate for inspection and maintenance
and/or for substitutional services of each gate. Each stoplog piece will be
handled by thf: monorail crane which will be also used for the sandflush
stoplog as explamed in Section 3.1.

The features of the inlet gate and stoplog thus desiﬁned are as follows;

- Thrce (3) sets of fixed-wheel gate with gmde frame and electrically driven

* hoist, having net opening of 3.7m w1de by 4.4 m high.

— One (1) set of three pieces - div_ided stoplog with three (3) sets of guide frame,

one (1) set of lifting beam and all other necessary steel structures, having net
opening of 3.7 m wide by 4.5 m (3 @ 1.5 m) high.

3.6 Sand Dr_ain Gales

To flush out sediments trapped in the desanding chambers by periodic gate

operation the sand drain gates were designed under the following concepts;

)

(i)

(iii)

(iv)

Three (3) sand drain gates are installed in each desanding chamber, which
will be usually kept closed.

Each gate should be of the fixed-wheel type, sealing at its upstream face
edges to ensure water tightness. Sharply-edged gate at the bottom is
recommended to reduce vibration during partial opening operation.

Each hoist should be of spindle type which will be located on the hoist deck
at EL. 324.8 m.

Inspection and maintenarice of the gates wiil be made after dewatering the
basin by use of the both inlet and intake gates. '
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The sand drain gates thus designed compnse nine (9) sets of fixed-wheel gate wuh
guide frame and electrically driven spmd!c hoist. having net opf:nmcr of 2.5 m wide' by
1.0 m_high. '

3.7 . Intake Gates

The intake gates were designed under the same concepts as for the inlet gates
except for the following items; - ‘

(i) Sealing is made at its upstream 'facc edges.

. (i) The stoplog is not provided because gate inspection and mamtenance wull be
_ made from the deck at E1. 324.8, and '

- (iii) -Use of stainless clad steel for guide frames is proposed to minimize
'~ inspection and maintenance frequencies and also to minimize stoppage of
generating operation. '

The intake gate thus designed comprise one (1) set of ﬁxcd-_Whe_eI_ gate with guide .
frame and electrically driven hoist, having net opening of 3.8 m wide by 4.8 m high:

3.8  Draft Tube Gates

“In order to clear the draft tbe for periodic regular inspection, matntenance or
repair the draft tube gates were designed under the following concepts;

(i)  One gate is provided for closing either one of two draft tube openings.
(ii)  Gate should be aslide type, sealing at its upstream face edges.

(i) - Draft tube will usualiy be kept full. Open gate will be stored in the doggmg
" devices located at the upper part of gate slots.

(iv) A movable gantry crane is provided, which travels the required length to
regulate two draft tube with one gate. '

The drafi tube gates thus dcsigngd comprise one (1) set of slide gate with four (4)
- guide frames, one - lifting beam and one electrically driven gantry crane, having net
opening of 3.4 m-wide by 3.1 m high.

3.9 Steel Conduits

The steel conduits were designed under the following concepts;
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(i) = Diameter of No.1 culvert is 4.8 m and that of No.2 culvert 5.8 m. Length
of steel is 394 m and 70 m, respectively. _ '

(i)  Steel material and its allowable stress shall be of those usually employed for
similar works in Brazil. Full penétration - butt welding joint with joint
efficiency more than 90% shall be applied '

(iii) A minimum wall thickness shall be equal or more than 8.0 mm. Each

segment of steel conduit pipe shall have a number of inner spiders for

~ fabrication, handling and concrete placing purposes. Corrosion and wear
allowance of 1.5 mm is recommended.

(iv) Full internal pressure on about 13.0 m in water head at maximum should be
applied to steel conduit design without expecting strength of concrete.

(v)  Since free drain Iﬁ'aterial will be used to fill the culverts, water pressure
equal to its height of pipe, namely diamerer, is recommended for design
external pressure. A factor of safety against buckling due to external

pressure will be 1.5,

The steel conduits thus desi gned consists of two thinner steel lined conduit pipes,
one is 4.8 m diameter 394 m in length and 8 mm in thickness and another 5.8 m in

diameter 70 m in length and the same thickness.
3.10 Steel Liner |

_ In order to discharge 90 m3/sec of river water in peak time for power generation
and to'cope with the maximum internal and exiernal design pressures, the steel liner was
designed under the following concepts;

(i)  Maximum internal and external design pressures are as follows.

(a) Max. internal design pressure at center of turbine.
- Static head (FSL - Center EL. 107.2m) =211.8m
- Water hammer (28 % of (FSL - TWL)) = 587m*
- Max. internal design pressure =270.5 m

Note: This assumes to be zero (0) at the center of surge tank,
decreasing gradually along centerline of walerway.

(b) © Max. internal d_é:sign pressure at the center of surge tank.
~ - Static head (FSL - Tunnel center) =327 m
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(i)

(i)

- (iv)

(v)

(vi)

- Surging head (HSWL - FSL) - =131m
- Max. mtemai de:s:gn preq:ure : = 45.8 m

() Max. extcmai des1gn pres'iure equwalcm to water head between original

ground surface and penstock centerline.

- Beginning point (Point A) = 164.0 m
- Point B = 700m
- Bifurcation = 360m
- End point of penstock = 260m

(d) Other temporary external pressure such as due to contact grouting,
congrete-placement and so forth.

Steel fnaté_rials to be used for steel penstocks shall be ASTM, A36 (sigma-
ultirﬁate 40.8 - 56.2 kgf/sq:mm) and AS576 (sigma-ultimate min. 49
kgf/sq. mm) ‘Allowable stresses is around 120 MPa and safety agamst _
buckhng due to external preswre is 1.5. :

A _minimum shell thickness of steel liner required for fabrication and
handling purposes shall be more than that calculated from a equation of (Di

i + 800/400). A cdrros_ion and wear allowance of 1.5 mm shall be added to

the calculated values,.

Full penetration and welding joint with back-ganging and its joint efficiency

more than 90% is recommended for all girth and longitudinal weld lines.

‘According to the criteria used in ELETROSUL, high pressure tunne! unlined

with steel liner is allowed if rock cover measured in vertical is larger than 70
% of the internal design pressure. In addition, the rule-of-thumb criteria
introduced by Bergh-Christese and Dannevig in 197_1 which is wideiy'uSeci
in the world was also appﬁed to this design. Based on these criteria
limitation of unlined section shall be determined.

The section where part of internal design pressure can be shared by bedrock
shall be limited to the area where a minimum rock cover (in m) is more than
10 times of tunnel excavation dumeler {in m), according to the ASCE/EPRI
Guides 1989. Steel liner downstream of this area shall be designed for
100% of the internal design pressure. '
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(vii) A sheaﬁng ratio of internal design pressure to bedrock shall be calculated by
the equations as developed by "Higashi. Vaughan and Patterson, with use
of the following figures.

(a) Temperature change (= 0~20°C) |

(b) Cadefficient of plastic deformation of concrete (=0.0)

(c) Tunnel-excavation diameter (= 370 + 2 x 60 =490 cm)

(d) Coefficient of plastic deformation of bedrock (= 0. 3)

(é) Poisson’s number of bedrock (= 5) '

) Elastic modulus of bedrock (150,000 kgf/sq.cm with factor of safety of
4.0 against laboratory rock test value of minimum 600,000 kgf/sq.cm.

More detail survey will be required)

It was assumed in this study that the steel materials to be used is ASTM A36
grade, and sharing load by rock is 30 %. In the next design stage it should
be confirmed that stress by the internal design pressure wxll not exceed the
swrna-yxeld without Only shearing the load to rock.

(viii) Design of bifurcation shall be made for the following conditions;

(a) Spherical type bifurcation is employed based on the past-installed
records (for Di = 4.3 m and Hd = 266.2 m).

(b) Its sphere diameter is 6.4 m which is within a range of 1.3 Di to 1.6 Di.

{c) Bifurcation angle is 60.0 degrees, which will allow head loss coefficient
down to around 0.05 by installing flow regulating plates inside as
designed for Y-branch type. '

~ (vix) Penstock diameter at the end points shall be 2.5 m to connect the inlet of
turbine scroll casings.

The steel liner thus designed is one (1) lane of steel liner, ranging its diameter
from 4.3 m to 2.5 m via a spherical type bifurcation in 6.4 m diameter, and having total
length of approximately 365.0 m.
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4. GENERATING EQUIPMENT
4.1 Genera!u

Two umts of the generating equipment conmsnng of a hydrauhc turbmc a generator
and & main transformer will be installed i in the powerhouse 10 generate a powcr ‘outlet of
142 MW and 10 produce a firm annual energy of 82.59 MWy by utilizing the maximum
plant discharge of 90 m3/s and the gross water head of 210.0 m. -An overhead traveling
crane will be provxded in the powerhouse for assembly, erection and maintenance of the

equipment. -
Single line diagram for major circuits is shownon Figure VII1.4.9,
4.2 Unit Speed

" The turbine speeds.of 300 rpm, 327.3 rpm and 360 pm are selective from the turbine
output of 72,600 kW, the rated head of 179.3 m and the system frequency of 60 Hz.

Comparison among 300 rpm, 3273 rpm and 360 rpm was made as tabulated below:

: _ : 00 rpm 327.3 rpm 360 rpm
{a) -N_umber’of generator poles ' 24 - 22 20

(b) Specific speed (m-kW) 123.2 134.4 . 147.8
(c) Required suction head (m) 24 37 5.7
(d) Turbine center elevation _ EL.108.5 ~ EL.107.2 ~ EL.105.2
(e} Max. pcripheral speed (rpm) 143.9 152.3 162.2
(f)  Machine cost (US$) +368.200 ' 0 . -387,400
: ' _ (+368,200)
() Civil work cost (US$) -195,000 0 +300,000
(h) Total cost difference (US$) +173.200 0 -87;400
(+668,200)

Although 327.3 rpm (22-pole generator) is not a speed preferred by various national .
and international standards of generator, many generator manufacturers have much
experience to make generators of 22-poles. That is why 327.3 rpm is also selective 1o the
generator of this scale.

The machine cost consists of costs for (wo turbines, two generators and a
powerhouse crane. The generator cost was estimated assuming that all generators are of
semi-umbrella type with standard inertia. In case of 360 rpm, genefatdr may often be
designed with suspended type instead of semi-umbrella type due to higher specd.
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Suspended ryp'e'genera_tor will be more expensive than semi-unibrella type and the machine
cost for the generator of suspended type is shown in parenthesis in the above.

-~ As the machine speed is higher, in general, the machine cost becomes cheaper but the
turbine setting level gets lower. Obviously a lower setting will introduce higher civil works
cost due to increase in excavatibn and concrete volume.

The suction head of the turbine was also considered from the technical point of view.
If the suction head is in the range between -5 to -10 m, the Francis turbine at part-load
operation may often incur unacceptable prcssilre fluctuation in the draft tube. In case of
such suction head, a forced aeration system using a large air compressor system may be
required besi::i_és an ordinary natural aeration system 1o darhpen preséure fluctuations at part
load. So, such suction head should preferably be avoided from the operational problem.

The uﬁit speed was therefore selected at 327.3 rpm.
4.3 H_vdraulic Turbines

Each hydraulic turbine will be the vertical shaft, single runner, single flow, Francis
type and has a rated output of 72,600 kW when operating at a rated speed of 327.3 rpm
under a net head of 179.3 m. Francis turbine was selected from the calculated specific
speed of 134.4 m-kW.

The center line of the turbine distributor will be placed at EL. 107.2 below the lowest
tailrace water level of EL. 109.0 to provide the suction head required.

The hydraulic turbines will be operated under the fnl]m#ing conditions:

(a) Reservoir water level

- Full supply water level . . EL. 319.0

- Minimum operational water level . EL., 318.0
(b) Tailrace water level _

- Rated water level : EL.111.5

- Low water level . EL. 109.0
(c) Heads |

- Maximum gross head 2100 m

- Rated head 1793 m
(d) Maximum unit discharge 45m3s

The turbines will usually be operated under the water level governing control that will

au{bnﬁﬁﬁ(zally regulate the turbine output in proportion to the water level; namely, the turbine



~will be operated with full load at full supply water level, will be operated with part load
between full supply water level and minimum opera_tional ‘water level, and \_vill
automatically stop when the water level goes down below the minimum operational water
level: For this water level governing control, at least two water levei detectors will be
installed at the intake and the water level will be signaled 1o the turbine govemors by way of
control cable lines to be installed between the intake and the powerhouxc

Each hydraulic turbine will be’ prov;ded with aninlet valve having an inside dl'lmCtCI' '
of 2. 5 m. Ordinary type and throughflow type bultcrﬂy va]ves were considered as the inlet
valve, because both of them are applicable from the maximum gross head of 210.0'm and
the inside diameter of 2.5 m. The throughﬂow type buttcrﬂy valve was selected bccause of
low hydraullc loss. )

Cooling water sh'pply system for the generator air coolers znd bearinc:coo’lcrs will be
provided with a coolmg water head tank for removal of trash suspended in the water.
Coohng water will be taken from the draft tube and pumped up to the coolmg water head
tank. From the water head tank, coolin g water will be piped to and supphed to each cooler
by gfavity.

4.4 Generators

Each generator will be the three- phase, vertical shaft, semi- umbrella type
synchronous a}temator and will be rated at 78,900 I\VA 60 Hz 0.9 power factor
~ (lagging), 13.8 kV and 327.3 rpm.

In selecnon of type of the generator, semi-umbrella 1ype and suspended type
generators were consxdcled from. thc rated output of 78,900 kVA and the rated speed of
327.3 rpm. Camparison between Semi- -umbrella type and suspended type generator was
made as follows:

Semi-umbrella Suspended .
(a) Estimated weight of rotor '
(with standard inertia) - 1523 on _ 186.3 ton
(b)  Required hoisting height _ _
of crane for generator erection - 55 m ' 9.3m
(c) Estimated cost of a generator ' :
(with standard inertia) US$ 5,305,800 US$ 5,629,800

Judging from the past supply records of the generator 'mar_aufa'ct_Urers, semi-—uﬁlbrella
type is fully applicable to the generator of 78.900 kVA and 327.3 rpm. Suspended type
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generator is heavier and more expensive than semi-umbrella. type one and will introduce
higher civil works cost for powerhouse superstructure because the higher hoisting height of
the crane will be required for the generator erection. That is why sémi-umbrella type

generator was selected for this Project,

The rated power factor was selected at 0.9 lagging, referring to the ELETROSUL's
generators of the recent develc’opmem'. The rated voltage was selected at 13.8 kV from the
standard voltage of the generators for this scale and 1o limit three-phase short-circuit current

on the station-service transformer circuit within 50 kA.

Thc stator winding of the generator will be star-connected and the neutral will be
grounded through a neutral grounding transformer or a neutral grounding resistor to limit
the ground fault current on the generator circuit. '

The generator will be provided with a static, thyrister rectifier, potential-source type

excitation system.
4.5 Powerhouse Crane

The powerhouse crane will be of electric motor driven, cab control type bridge crane
and will be equipped with a main hoist, an auxiliary hoist and a monorail hoist.

The heaviest package to be handled by the powerhouse crane will be the generator
rotor assembly. The weight of the rotor with standard inertia was estimated at 153.9 ton.

Standard inertia of the generator rotor was estimated at 1,527 ton-m2. The penstock
tunnel optimization study in Clause 8.3 of Chapter 8 describes that the 'optimizcd water way
will cause to increase the penstock pressure up to 127.8 % and to increase the unit speed up
to 145 % during sudden full load rejection of two units on condition that the equivalent
closing time of the turbine guide vane is 10 seconds. To limit the pressure rise and speed
rise within the above mentiohed values, inertia of the rotor will be required to be 2,412 ton-
m2. On the other hand, the inertia required 1o provide good stability on speed regulation
was estimated at 2,437 ton-m2, Additional inertia (difference between the standard and the
required inertia) can increase the weight of the rotor by increase in inertia. The weight of
the rotor with inertia of 2,437 ton-m2 was calculated to be 187 ton.

The lifting capacity of the powerhouse crane was therefore determined at 200 ton.
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4.6 Main Transformers

The main transformers to step up the generator voliage to the trans-mission line
voltage of 138 kV will be installed in the transformer yard. Each main transformer wili be
the three-phase, two-windings, oil-immersed, OFAF (forced oil circulation and forced air
cooled) cooling, outdoor use type with an off-circuit tap changer. The rated power of the
main transformer will be 78,900 kVA that is equal to the generator rated output. Nominal
voltage ratio of the main transformer will be 13.8/138 kV.

The transformer tank may be of three-subdivided three-phase constructions, which is
so designed that the lower tank is separated to each phase and the upper tank is common to
all three phases for internal three-phase winding connection, from physical size and weight
limitations imposed by shipping and wansportation restrictions.

The main transformers will be connected to the 138 kV switchgear in the outdoor
switchyard by cross-linked polyethylene (XLPE) insulated power cables, which will be laid
in the cable culvert to be provided between the transformer yard and the outdoor
switchyard.

4.7  Generator Voltage Switchgear

The generator will be connected with the main transformer throngh a disconnector that
is a part of the indoor station-type switchgear assembly enclosed in metal-clad cubicle. The
generator switchgear cubicle for each unit will be provided with a disconnector, voltage
transformers, current transformers, a set of surge absorber and a circuit breaker for station-
service transformer circuit. No synchronizing circuit breaker will be provided in this
cubicle because synchronizing of the generator will be made by the 138 kV. circuit breaker
on the main transformer circuit,

The generator and the main transformer will be connected by the generator main bus
through the generator voltage switchgear. Segregated phase bus (SPB) and isolated phase
bus (IPB) were considered as the generator main bus. SPB will be constructed that all
three-phase conductors are in a common enclosure but are segregated by non-magnetic
metal barriers between phases. SPB is generally applicable to the circuits of normal current
up to 5,000 A. SPB is superior to IPB in respect of economy and compact installation
space.

The rated current of the generator will be 3.301 A and therefore the generator main
bus will be rated at 4,000 A. In this case, the required instatiation space for SPB will be
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1.9mx 0.8.m, whiié ‘that. for IPB will be 2.9 m x 1.2 m. That is why SPB was selected as

the generator main bus.
4.8 138 k‘V Switchgear and Outdoor Switchyard

_ The swnchyard will be convennonal outdoor open-type bus-and-switch arrangements
for the I38 kv swuchgear The 138 kV bus will employ the main- and transfer-bus scheme
that adds a transfer bus (an auxiliary bus) to the single- bus scheme. An extra bus-tie ¢ircuit
‘breaker will be prowdcd to tie the main and transfer buses together. The transfer bus will
be used to keep the circuit energized when a circuit breaker is removed from service for
maintenance. This bus scheme is the standard of the CELESC'’s 138 kV substations.

The layout of the above 'equiﬁment is as shown in Figures VII1.3.11 and VIILS.12.

3.9 Su'per\"isory_ Control System

The superviéory control system will be arranged in a hierarchical structure with three
levels of lower level (machine bay), higher level (control room) and highest level (central

remote control station).

The control functions at the lower level will be decentralized into a number of local
control blocks that are arranged for individual control of each turbine-generator unit, station
common equipment and outdoor switchvard equipment. A local control board will be
provided at each control block for manual control, local and remote automation and
protection and alarm management with the aid of the programmable controllers. Each local
control board will consist of manual control panel with all control and measuring
instruments, programmable controller, electrical protective relayvs, measuring transducers,

£ic.

The main supervisory computer system with man-machine interface equipment will be
pfovidéd as the higher levél'hicrarchy in the control room to perform supervisory control of
the power station and data processing to accomplish a cumplete database for operational
management.

The main supervisory computer system and the decentralized programmable
controllers will be linked by the dataway for high-speed data transfer to permit data

exchange among them.

The central remote control station as the highest level may be added in the future.
Only provisions for data transfer to the central remote control station will be included in the
supervisory control system.
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4,10 138 kV Transmission Line

Two circuits of the 138 kV mransmission lines will be introduced to this power station
by means of T-branch of the double circuit transmission line between Blumenau and Rio do
Sul Substations. A part of the existing Blumenau - Rio do Sul line is still single circuit line
as of 1993 but is scheduled by CELESC 1o be revised to double circuit line by end of
1994,

A new 138 kV double transmission line will be constructed between the branching
point of the existing line and this power station. The construction work of this
rransmission line is out of the scope of work of the project..

Extension of the 138 kV double circuit transmission line from the Rio. do Sul
Substation to the Vidal Ramos Jr. Substation as shown in Figure VIIL3.9 is suggested by
CELESC and this power station will be put into commercial operation through this
extended transmission line. ' '

5 FEASIBILITY DESIGN DRAWING

Feasibility deign is shown in Figure VIL5.10 to VIIL5.12.
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Table VIIL 2.1 = Construction Cosi of Alternative Diversion Methods

Tunnel Diversion

Multi Stage Diversion

Unit Unit Price Quantiie Amount  Quantities = Amount
(US$) (1000US$) ~(1000USS$)
Coffer dam
“Embankment
Rock matertal m3 18.0 8,300 149 21,000 378
Impervious soit m3 52 20,000 104 50,000 260
'Removal of cofferdam m3 52 28,300 147 71,000 369
Diversion Tunnel & Channel '
Excavation . _ :
Open excavation, common  m3 5.8 430,000 2,494 215,200 1,248
Open excavation, rock m3 12.8 66,000 £45 2,400 31
Tunnel Excavation m3 75.0 . 35,000 2,625 - -
Concrete _
Qpen structure m3 136.2 1,200 163 - -
Underground m3 165.0 4,300 710 - -
Plug m3 165.0 1,200 198 - -
Cement ton 190.0 1,800 342 - -
Reinforcementbars ~  ~  ton 1,400.0 55 77 - -
Others 785 21
Contingency 1,296 346
Total Direct Cost 8,640 2,653

VIII- Tt



Table VIIL 2.2 Construction Cost of Alternative Dam and Spillway Type

. Concrete Dam Rockfill Dam
" Non-gated spillway CGated spitlway Gated spillwav
Basic Feature : S .
Futl supply water level (masl) : 319 31 319
Spillway design flood (m3/sec) = - : 5,400 5,400 5,400 -
Design flood water level (masl) 3246 3310 331.0
Spillway crest elevation (masl) 319.0 3170 317.0.
~ Dam crest elevation (masl) 3246 3310 332.0
Dam foundation elevation (masl) 30810314 308 to 314 309 to 315
Spiltway gate size (nos. x w x h in meter) N 6x146x30 - 6x14.6x3.0
_ Intake discharge {m3/sec) : 90.0 90.0 90.0
Construction Cost (1000 US$) _ '
River diversion : 2.300 1,800 2,600 - -
Dam ' 8.200 11.000 4.000
Spiliway = ' 1300 ' 6.700
Civil works include in dam include in dam 5,400
Hydromechanical : - 1,300 1,300
Intake & Desanding basin 19.400 20,300 _ 20,500
Civil works ' 18,500 19,400 19,600
Hydro-mechanical 900 900 ' o900
Contingency 4440 2030 4.690
Total Direct Cost 34,340 39450 38,490

Note: Contingency - 10% for civil and 5% for hydro-mechanical equipment

Vil-T2



Table VIIL2.3 Economic Comparison
of Headrace Waterway Alternative Alignment

tem . Uni nit pric uantiie Amount
(US$) {1.000US$
(1) Incremental construction cost of Route II compared to Route 1 -278
a) Directcost =186
Open common excavation for no.2 culvert ni3 5 -60,000 =300
Open rock excavation for no.2 culvert m3 13 -5,000 65
Concrete for no.2 culvert m3 184 -1,277 -235
Steel pipe for ne.2 culvert ton 3,322 =90 -299
Tunnel excavation in concrete section m3 75 -1415 -}06
Tunnel excavation in shoicrete section m3 75 9,621 722
Concrete for tunnel iining m3 212 -358 -76
Shotcrete for tunnel lining m3 280 488 137
Invert concrete m3 146 332 - 48
Contingence (13% for civil works & 10% for steel pipe) -11
b) Indirect cost {29% Of direct cost) =54
¢) a)tb) =239
d) Interest during construction -39
(2) Incremental loss of energy benefit due to - 415
head loss of Route 1f compared to Route -
(3) Total of (1} & (2) 137

Note: Minus indicates saved cost in compare with that of route 1.
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Table ViIl.2.4 Basic Features of Alterative Penstock Types

' : Unit TYPE 1’ TYPEIl® TYPE HI
(1) Type ‘ ‘ : Openair  Underground  Underground
- - vertical shaft  inclined shaft
(HFSL ' masl 319 319 319
(3) Max. plant discharge m3/sec S0 90 90
(4) Length of headrace tunnel & culvert m 6,105 - 6,105 6,003
(5) Total length of penstock line m 493 624 605
{5-1) Length of steel liner m 493 335 335
- Length before bifurcation ‘m o 450 292 2927
- Length afier bifurcation ‘m 43 43 43
(5-2) Diameter of steel pipe _
- Diameter before bifurcation m 43 43 4.3
.- Diameter after bifurcation m - 25 25 25
(5-3) Length of concrete lining tunne! m 0 289 270
(5-4) Diameter of concrete tunnel m - 4.8 438
{6) Max. head loss in penstock m © 3.7 4.4 38

Note ; Decreased head loss of headrace waterway by 100 m is counted in Type I1L
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Table VIIL.2.5 Economic Comparison of Alternative Penstock Type
' ' . ~ Unit : 1000US$
ITEMS . : TYPE1 TYPEIl TYPEII

{1) Construction Cost : 2LL10 17833 19274
Direct cost _ ' 14,528 12274 13,265

- Headrace tunnel
Increased cost for type 11T in comparison with type 1 & 1I -124

- Surge tank S '

Increased cost for type Il in comparison with type I & T1 - 600

- Penstock

Civil works : 5,055 7,289 1,736
Hydro-mechanical works

- Penstock steel liner 7,541 4,053 4,053
- Penstock valve : 1,000 - -

- Contingency 933 932 1,000
Indirect Cost - 4,213 3,559 3,847
Interest 2,368 2,001 2,162

(2) Loss of Energy Benefit due to Head Loss in Penstock 1.544 1.809 1377
(3) Total of (1} +(2) : 22,653 19,643 20,850
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‘Table VITL2.7 Optimum Number of Units

Twounits Three units  Four units

Basic Features _ o
Maximum plant discharge (m3/sec) %0 - 90 90
Max. unit discharge (m3/sec) 45 30 225
Min. unit discharge (m3/sec) 18 12 9
Unit output (MW) 70.0 46.6 348
Size of powerhouse (1 x w x h in meter) . 59x32x43  64x30x41 B2x27x39
Construction Cost (1,000 USS) 73,079 81,812 - 385024
Direct cost ' 48,711 54,531 - 56,673
Civil
- Direct cost including conlinence 11,270 12,948 14,752
_ Electrical mechanical equipment

- Direct cost including continence 36,345 40,291 40,790

Hydro-mechanical
© (Bifurcation. Penstock after bifurcation & Draft tube gate)

- Direct cost including continence 1,096 1,292 1,130
Indirect cost ' 14,126 15,814 16,435
Interest during consiruction 10,242 11,466 11,917

Benefit in 50 year operation
Annual energy output (MWy) : 74.30 76,15 76.49
Energy output in planned maintenasnce year (MWy) 65.00 61.38 55.76
Total encrgy output in 50 years MWy) _ 3,678 3,748 3,742
Capitalized energy benefit (1,000U8$) 327,192 334,256 334,529
* Net Benefit (1,600US$) 254,113 252 444 249,505

VIII -'f'?



Table VI11.2.8 Construction Cost of Underground Powerhouse

hem No. Work liems Unit Unit price  Quantity Amount
(1000US$)
1. Earth Works
1.1 Open excavation :
1.1.1 Excavation common m3 5.8 36,000 209
1.1.2 Excavation rock m3 128 12,000 154
1.2 Underground excavation
1.2.1 Powerhouse cavem m3 50 39,000 1,956
1.2.2 Tunneling - m3 15 35,000 2,825
1.3 Embankment for switch yard 3.5 70,000 245
2. Rock Supporting Works for Cave
2.1 Rock bolt 1=5,000m for arch m 44 1,300 19
2.2 Prestress rock anchor m 900 4,000 3,600
23 Consclidation grouting m 73 2,000 146
2.4 Drain hole m 50 6,000 300
3. Concrete Works '
3.1 Suuctural concrete m3 185 11,000 2,035
32 Tunnel concrete m3 194 2,000 388
i3 Shotcrete t=180mm m2 _ 50 9,000 450
3.4 Reinforcement bars ton 1,400 660 024
4 Others 10 % of the above toal 1,340
5 Contingency 15% 2,011
Total 16,756
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‘Transmission Line System (As of 1998)
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1. INTRODUCTION

Daily power output of the proposed scheme was simulated on the daily basis using the
daily discharge series at damsite and powerhouse site. The salient features of the proposed
scheme are as follows: '

Dam axis : _ B
Reservoir full supply level : 319.0 m
Design tailwater level : 111.5m
Design static head : 207.5m
Max. loss of head : 282 m
Headrace, length : - 6091.1 m
Penstock, length : 599.4 m
Generating equipment
Number of units : 2
~ Installed capacity 2 2xXTLOMW = 1420 MW
Max. plant discharge : 90 cms
Rated head : 179.3 m

2. SIMULATION RESULT

Daily energy outputs obtained by the simulation are shown in Attachment to this
ANNEX. From those daily outputs, the monthly outputs were computed as shown in
Table IX.2.1 and Fig. IX.2.1. Yearly average energy outputs and the yearly maximum and
minimum outputs, are shown in Fig. 1X.2.2,
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R Table



Table 1X.2.1 Average Monthly Energy Output

Yesr Monthiy Energy Output (MWmonth) Annual
- Cutput
Jan. Feb, Mar. Apr.  May Jun - Jul Aug. Sep.  Qet. Nov. Dec  (MWy)
1941 10742 13542 12537 6192 10785 12580 7506 12584 10371 11147 12194 110.80 109.24
1942 5241 11204 9855 11169 10055 87.22 B840 97.00 9658 BS22 3137 4202 33.44
1943 28772 TR06 1533 699 3829 13570 10996 13858 13905 12170 B465 5125 7843
1944 11120 5979 9241 33358 000 1491 1415 685 2251 28323  60.65 924 3173
1945 132 6432 3000 1336 000 1241 2551 1462 B224 7428 546  27.51 2897
1946 9645 14112 13641 T876 7660 9873 14096 8653 9002 10299 7198 7633 10006
1947 8216 11550 10735 2767 3727 6358 7103 11214 13991 14135 10724 10794 93117
1948 8841 13072 12776 10899 12405 8534 9075 13860 8481 Y176 9466 1982 9708
1549 35.43 321 4690 6258 3247 8595  51.05 99.8¢ 11235 9176 3018 2362 5654
195¢ 10913 10662 9229 4260 4061 4491 2966 91.87 91.01 11587 6281  84.65 7635
1951 13409 13906 12263 5760 1423 7.81 3291 0.00 836 8575 11344 7269 6533
1952 7370 6793 14.43 8.18 9.18 6095 9407 4406 11618 11929 12491 7354 6109
1953 99.85 10648 8078 2688 14.58 709 1815 1392 8559 10587 121.82 9808 6463
1954 8344 6679 107.83  BSS53 113200 11983 14177 9416 12085 14172 8146 1766 6806
1955 29.77 6836 6374 9227 7438 10423 13140 13t65 11676 7360 5887 81.04 BS3S
1956 88.32 13438 7683 12017 11945  BL1I 7540 11280 11569 13736 8S31 7005 10123
1957 B1.54 7800 B639 7604 9815  64.67 134.17 14154 14149 13689 12081 6933 10264
1958 5633 6299 12266 7522 3579 89.50 6744 10743 133239 13772 12440 13530 9584
1959 90.10 11426 - 70.02 8204 9460 5549 3034 7498 13842  B5.67° 2563 3082 7403
1960 2438 9552 9397 6438 2985 2115 175 12444 10567 10769 13336 10878 7575
1961 0391 12196 12144 9772 5651 6243 6999 1206 11875 14165 141.03 13841 9771
1962 101.57 9112 10377 5337 7297 7943 9661 5931 8891 13337 10539 6638 8L
1963 9676 13504 13501 9955  48.85 535 1710 31.21 4404 14162 14173 10732 8133
1964 5265 B48Y 5393 7128 8475 6132 69.00 9748 12960 11637 3891 58355 73.67
1665 4266 1639 7248 6498 - 12137 7749 12049 9516 13956 13432 12286 13830 9609
1966 14007 141.58 137.56 11602 9516 10165 9393 7239 12572 13487 11201 13426 11736
1967 12042 14111 12463  79.64 5855 9433 90.56  69.18 139.01 12947 11642 10751 105.60
1968 62.58 1323 2031 13.18 0.00 716 19.39 088 60.06 5742 8993 4708 3265
1959 12215 13488 12102 13038 69.50 9872 11689 5696 B1.73 6573 10899 4836 9639
1970 91.24 9085 8450 5602 6585 12419 11023 8271 11479 10103 4600 90.06  88.56
1971 13334 14027 13968 13962 13498 13619 12227 11249 11687 11270 30.00 561 110.14
1972 53.53 10048 1175% 9121 3165 Bl4l 10167 122317 14162 13592 13871 11515 10268
1973 12747 13480 9967 8062 11066 10899 11708 13339 14161 12841 10535 86.69 114.46
C 1974 13201 120,04 14102 6556 4877 Ti4S 7213 5552 10072 6464 8344 3327 8210
1975 8594 6356 13397 6410  SB7T 9232 6218 10693 14167 13855 11241 14165 10044
1976 14106 9632 13449 6997 9715 13574 9763 13493 11907 10505 9587 13625 11381
1977 137.06 13542 13440 11146 6999 4088 4386 11285 12615 14161 13951 10680 10B.15
1978 10663 8992 99.58  21.42 083 1696 4716 5729 10686 7733 10766 8419 6786
1979 6219 3399 4895 6822 11619 8973 9116 8306 10839 14159 14137 13652 9384
1980  127.86 ~ 8105 13187 8448 97.54 7364 12617 14009 14174 14129 130.08 138.86 118.20
1981  137.03 12919 7247 5256 4593 4315 5320 4616 9274 10049 8796 9610 7946
- 1982 6080 12358 12277 7331 4860 9793 12836 11930 8206 13346 14072 13775 10606
1983 13631 14173 13102 12966 141.62 14161 M7 14161 13806 13761 13538 140.84 138.04
1684  137.06  103.84 12323 12228 12198 12333 14090 141.44 13729 13792 14037 12473 129.66
1985 87.38 12314 12289 12609 8820 5159 7972 3869 7306 7141 81.00 257 7935
1986 2573 10384 7266 5BEY 1977 6125 3527 4340 73.14 11849 12767 13994 7308
1987 13615 14137 9048  BO.I8 12448 13283 13810 141.20 12654 14172 - 10852 7048  119.24
1988 84.86 10873 8701 BB37 141771 14042 9285  47.02 6906 10359 6036 3182 87.85
1989 12585 134.85 12599 11427 12490 6592 7190 90.90 13734 12154 7737 7012 104.90
1990 14161 13719 14109 13728 10116 14167 13920 138.57 141.83 141.66 14177 12235 13538

Average 91,56 10179 9925 7608 71,20 7855 8274 8101 10827 11268 9303 8337 90.80

Longterm Average (Jan.1941 ~ Dec.19%3) 90.80
Critical period average (Apr.1949 ~ Nov.i956) 78.46
Firm energy 78.46
Secondary energy 12.34
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