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e DEVICE FOR TAPPING ELECTRICAL 5 High-rise building hy dro-electic
e ENERGY FROM HYDROPOWER i 5 b

Non ionic/ electrolyte,
quu;cd(“ aseous, mechanically
refined/Nanoparticle dispersion
Building Materials/High Wear-Heat
Resistant Part Brushes, Windings,
Battery Cells Brake Pads, Die Cast
Mu:lu:lir:% Refrigeration,
DEVICE FOR OBTAIMING Polarzed/Integrated Optical
US20150159620A1 ELECTRICAL ENERGY FROM US20140178515A1 Specirometric Processors, Central
HYDROPOWER Processor Unit Processors
Electronic Storage Medig,
Analogous Seriesy/Parallel Circuit
Generatory/ Transceivers, Particulate
Matter PM
Carbonaceous-Polyamide,
Olystallir'e Silica, and Cellulosic
Filament Extraction/Miners Suit
MNon ionic/ electrolyte,
liguid/gasecus, mechanically
refined/Nanoparticle dispersion
Building Materials/High Wear-Heat
Resistant Part Brushes, Windings,
Battery Cells Brake Pads, Die Cast
Mu:lu:lir'% Refrigeration,

S;st&m and method for controlling Polarzed/Integrated Optical
US4255787 the power generated by a system US20140178513A1 Spectrometric Processors, Central
of hydro-plants and thermal units Processor Unit Processors

Electronic Storage Medig
Analogous Serey Parallel Circuit
Generafory/' Transceivers, Particulate
Matter PM
Carbonaceou s-Polyamide,
Olystallir'e Silica, and Cellulosic
Filament Extraction/Miners Suit

Mon ionic/electrolyte,
quué?(“ aseous, mechanically
refined/Nanoparticle dispersion
Building Materials/High Wear-Heat
Resistant Part Brushes, Windings,
Battery Cells Brake Pads, Die Cast
Mch:lir'% Refrigeration,
Polarzed/Integrated Optical
US3958130 Hydroelectric generating system US20140178513A1 Specfrometric Processors, Central
Processor Unit Processors
Electronic Storage Medig,
Analogous Seres/Parallel Circuit
Generafory/ Transceivers, Particulate
Matter PM
Carbonaceous-Polyamide,
Olystallir'-e Silica, and Cellulosic
Filament Bxtraction/Miners Suit

: d Hydraulic propulsion for increases

US4352025 Sy stem b e o' ok cleutiica: EP02302202B1 of hydroelekiric power station
.......................................................................................................... o it TR
EPOZ706192A1 Method for creating a pressure US8051637 Heat energy recapture and recycle



e e L hydro-electric gystem
US20110031250A1 Hydro-kinetic tansport wheel

USE472763 Hydrckinetic generator

BERREEE AR MOWEKELE OWVER-FLOWABLE AND

EPO1377750B1 UMDER-FLOWAELE
R B R el NI T
Systemn and method for managin

US7059190 e utility power use e

R =t I Cloed "system, standpipe operated
s hydroelectric power plant

B = R b Closed system, standpipe ope rated
LA B hydtosieciric power piant

tunnel in segment-based
construction for hydro-eleciric plant
consiruction

Control system of variable speed
mped storage hydropower
system and method of controlling
the same

CONTROL SYSTEM OF WARIABLE
SPEED PUMPED STORAGE
HYDROPOWER SYSTEM AND
METHOD OF CONTROLLIMNG THE
SAME

Cangrier-M1 machine or C-M1 the

powierful miracle perpetual motion

machine designed for hydroeleciric

power generation watef recycling
concept

Cangrier-M37 machine or C-M87 a
veq [xwerful synchronized
multi-lever perpetual motion

machine designed for hydroelectric

{hydraulic) power generation water

Method and apparatus for
monitoring a hﬁdroﬁle:tric facility
trash rack

Methcdandapparatusformonitoringa
hydroelectricfaciltytrashrackand
________ b Lo
Reduced pressure differential
hydroelectric turbine system

Synchronous electric machine with
salient poles in the rotor

Ll atss generating electricity by collected
......................................... rainwater ...
- POTEMTIAL EMERGY-BASED POWER
R A GENERATION SYSTEM
"""""""""""""""""" Method of power sygtem
preventive control candidate
US9239816 measures identification
self-adaptive to extemal
oo EBWiROOMERt
EP02655085A1 Floating water power station
Method apddapgaramsfforl
monitoring hydroelectric facili
et mair:ter'angul:e }alr'd Environ.mrg:gl
costs
O usas4T2so | Canadian fledble dams
R e T Control system for a variable
US4920277 speed hydro-power plant
R e e TS
US2013000946941 Hybrid energy system
US2013000946941 Hybrid energy system
Tl Method and system of controliing
... O D 2 ydroelectic piant >
LSAZ34861 Free flow hydrc;a[:srﬁwered by draulic
I IF:r h 'aﬁ'ct;-‘f—;;:i 'Ejriﬁc'éli:—é{iﬁk' plant 1:55 N
the submerged-turbine an
EPQZadinatnk cnrr&:pcndirgg control mtmﬁ:d of
_________________________________________ kL
Method and device for the
utilzation of supercritical
US7975482 subsurface steam in combination
with supercritical thermal and
hydraulic power stations
i APPARATUS FOR UTILISING THE
EP01515135B1 EMERGY PRESENT IM FLOWING

US20160025063A1 POWER PLANT
" Ucaomosaossant | e S8y igter-ndependert
©Us2omozessosal | ANCIENT HYDROBIECTRIC ~
 Uszomorszamar | Multple energy mpus hycroponer
" somonsaaras | VlpIE ehergy npus Hydiopoer
""" poo7isey | A ukiple gy puls
""" epozo7iazer | A mulfiple energy inpuk

Method and apparatus for
supplying fresh water and

WATER

ALTERMATIVE HYDROELECTRIC

hydropower System




EPOZT10255A1

US2014010298541

A hydroelectric turbine support
5y stem

droelectric
a rl'—g method

Method and installation for
producing supplementary electrical
Energy

Method and installation for
producing supplementary electrical
Energy

HYDRO-ELECTRIC POWER PLANT
COMPRISING A GRATING
ASSEMBLY FOR TAKING WATER
INTO THE TURBIME WHICH IS
DESIGMED TO DISCHARGE
FLOATING DEERIS STOPPED BY THE
GRATIMN G

HYDRO-ELECTRIC POWER PLANT
COMPRISING A GRATING
ASSEMBLY FOR TAKING WATER
INTC THE TURBIME WHICH IS
DESIGMED TC DISCHARGE
FLOATING DEERIS STOPPED BY THE

GRATIMNG

UIS6990609

Hydraulic er plant driven
g?.l':w'rty arﬂwicy u:irculaﬁ?lr'.

CCEAN WATER RUN AND
WERTICAL DROP & GREEM POWER
GEMERATICON

| " Plant for exploiting wave power,
particular fgr thegproducﬁg:cf
glectrical energy =~

TRAVELLIMG BAMD SCREEN
MACHIME

Adjustable weir for hydroelectric

___________ thyy mclalalme s
Real-ime optimization of

hydropower generation facilities

Hydroelectric power optimization
service
"""" HYDROELECTRIC POWER
CPFTIMIZATION

Hydroelectric power genemtion
gy stem

Self-powered minigture liquid
treatment system with configurable
hydropower generatof

Hydroelectric power Qant designed
to transform the potential energy
of compressed gas into mechanical
and electrical €nergy through the
potential energy of liguids
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* base * electricity * gate
TR * seabed * supercritical * electric
FI]E * tide * steam * duct
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-1= 7|9 = HMH 3}
base

9 seabed @ UsS20110304148(A): HYDROELECTRIC TURBINE SUPPORT SYSTEM
tide @ US4641040(B): Low—head hydroelectric installation
converter
electricity 1) US9194360(B): Method and installation for producing supplementary
supercritical electrical energy

12 @ US7975482(B): Method and device for the utilization of supercritical
steam subsurface steam in combination with supercritical thermal and
subsurface hydraulic power stations
gate I US20150211476(A): DEVICE FOR TAPPING ELECTRICAL ENERGY
alaatile FROM HYDROPOWER

13 _ 2 EP2873853(A)° lant for exploiting wave power, particularly for the
G production of electrical energy
bulkhead @ US6281597(B): Hydroelectric installation and method of

constructing same
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7| &=0k AB
lesa A
HE IPC FO3B—-013/10
=7} us 0 s
Es®el OPENHYDRO IP LIMITED L — "
Z9HS US13/133504 """,
ZAYR} 2009.12.14 y i B
ZNHS US20110304148 !
=70 < X} 2011.12.15
SE#s -
SEYX =
HPMAEAHS EP20080021970(2008.12.18)
AT536304T, AU2009328527A1, AU2008328527B2, CA2746958A1,
ez S5 CN102256867A, CN102256867B, EP2199199A1, EP2199199B1,
JP2012512349A, JP5358690B2, KR20110103419A, NZ593259A,
SG171970A1, US2011304148A1, WO2010069537A1
=k HYDROELECTRIC TURBINE SUPPORT SYSTEM
1. A hydroelectric turbine support system comprising a vessel for
transporting the turbine to a deployment site; a base on which the
o turbine is supportable, the base and vessel being designed to allow
HEZTY the base to be retained beneath the vessel; wherein the base and
vessel are adapted to facilitate the stable support of the vessel above
the base when the system is partially or fully out of water.
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Wz =3 CA1225118A, FR2561718A1, FR2561718B1, GB2154807A, GB2154807B,
GBB432077D0, US46410404
H x| Low—head hydroelectric installation
1. In a low—head hydroelectric installation, of the type including at least
one hydraulic turbo—machine (1) constructed to give optimum
efficiency under a defined head of water or pressure head (Hn), called
the nominal head, corresponding to a nominal power (Pn) of the
installation and for a speed of rotation corresponding to the speed of
synchronism (ns) with the frequency of an electric network (4), and at
least one rotary electrical machine (3} drive—coupled to said
turbo—machine and electrically connected to said network, the
2875t improvement comprising automatic control means (5) enabling rotation

of said turbo—machine at its speed of synchronism with the frequency
(5, 9 to 11)
when said head of water or pressure head is less than a value (Hd)

of said network, comprising means making it possible,

equal to a defined fraction less than one—half of said nominal head
(Hn), to cause said turbo—machine to rotate at a speed lower than
said

netwerk and said electrical machine a frequency matching device (7)

said synchronous speed, and conseqguently to insert between

of maximum power at least less than one—half of said nominal power.
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iEE20 NATURE AND PEOPLE FIRST R By <
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SSH= US9194360
SRAUX] 2015.11.24
EHPHAUUS FR20100057756(2010.09.27)
ARO0B3125A1, CL2013000830A1, CN103124845A, EA201390385A1,
Wz =3 EP2622209A1, FR2965310A1, FR2965310B1, JP2013537954A,
KR20130139245A, MX2013003494A, TW201229383A, US2012274070A1,
USs2014246860A1, USB766469B82, U59194360B2, WO2012045952A1
H x| Method and installation for producing supplementary electrical energy
1. An installation for producing supplementary electrical energy for an
electricity network, including at least first and second water reservoirs,
the first water reservoir being situated at a first level and the second
water reservoir being situated at a second level lower than the first
level with a level difference of at least 5 meters, at least one
communicating pipe between the first water reservoir and the second
water reservoir having a slope of at least 3% and being provided with
at least one remote—controlled wvalve, a hydro—electric generating
system, a pumping installation, and a control circuit, the installation
EEHTE being wherein at least said first water reservoir comprises one or more

that

semi—underground manner in the foundations of artificial buildings that

individual reservoirs are integrated in underground or

need to be built for a primary function of sheltering goods or people
independently of a secondary function of producing electricity, in that

said first water reservoir integrated in underground ar

semi—underground manner in the foundations of artificial buildings has
a cumulative velume in the range 1000 m3 to 150,000 m3. in that said

second water reservoir is likewise situated at ground level using a

natural slope of the ground, and in that the hydro—electric generating

system has a power rating in the range 100 kW to 4 MW.
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3% Method and device for the utilization of supercritical subsurface steam in
combination with supercritical thermal and hydraulic power stations
1. A process for creating andf/or operating an supercritical geosteam
system by several boreholes constructed by a metal-melt boring
process that sach comprizse a metal borehole lining consisting of a
casting and continuously produced from the metal—-melt medium and
in which the boreholes are sunk to depths at which supercritical
conditions prevail and the spaced boreholes are connected to each
other by fissure formations in the lower shaft area and form a primary
circuit wherein the supercritical geosteam system is operated in
combination with a hydraulic power plant and that an injection shaft
for transporting subcritical primary fluid into the earth is formed by at
least one borehole and a production shaft for transporting supercritical
EEH 1T primary fluid from the earth iz formed by at least one further borehole,

which primary fluid is present in the injection shaft in subcritical liquid
phazse and is present supercritically in the production shafts down to
the the s=econdary heat that the

supercritical fluid secondary heat

lower area of and

exchangers,
heat to

power or the production of

primary transmits its
exchangers for the production of current,

steam and/or which

process heat, secondary heat exchangers are
arranged in the upper part of the production shafts, and that
subcritical and cooled—down primary fluid develops again from

supercritical primary fluid by the removal of heat which subcritical and
fluid  still the the
supercritical primary fluid.

cooled—down  primary has same pressure as
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US2015211476A1, WO2014015446A2, WO2014015446A3
H x| DEVICE FOR TAPPING ELECTRICAL ENERGY FROM HYDROPOWER
1. A plant for extracting electric energy from water power,said plant
comprising an energy extraction module designed as an assembly
unit, which comprises: a drive arrangement with a multiplicity of
flow—impinged components that can be driven in a circulating
direction by water power. at least two spaced—apart deflection
elements that serve to guide the drive arrangement in a circulating
= = manner. at least one electric power, which iz driven by the circulating
HEgTE drive arrangement, for extracting electric energy. a water conveying
duct for forming water receiving compartments by interacting with the
flow—impinged components: and a module frame, to which are
connected the drive arrangement, the deflection elements, the at least
one electric power generator and the water conveying duct, wherein
the module frame comprises an interface wvia which the energy
extraction module is connected to a sub—structure.
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o5 Plant for exploiting wave power, particularly for the production of
electrical energy
1. Plant for expleiting wave power, particularly for the production of electrical
energy, of the type that comprises a fleat connected with the movable lower
component of a pumping wnit which runs axially in a fixed body that draws
from the sea and is designed to suck in water after lowering of the float and
which, simultaneously with the raising of said float by the wave, pumps water
and conveys it to operating equipment, for example hydroelectric conversion
means (20,22), characterised in that said float (16) moves, guided laterally. in
a large—diameter guide tube (1.1") with its lower end immersed in the sea and
the other end facing uvpwards, fixed to any suitable support means and
provided laterally with at least one window (7) positioned at sea level, in which
said float is normally located and through which the wave enters to raise and
lower the same fioat which is axially integral with a movable duct {14} which
HEdLY extends downwards to draw water from the sea through suction valve means

(15) and which axially crosses said float to allow entry into the same of a
fixed pumping duct (11} which, via discharge valve means (12), is connected
at the top to a fixed pipe (9) pesitioned on the upper end of sald guide tube
(1.1 for delivery of the water pumped by said system of fixed and movable
ducts (11,14) operated by the float (16) and provided with said valve means
(12,15), it being provided that said fixed pipe (9) be shaped with an elbow
shape or other equivalent shape and that said pipe (9) and/or said fixed duct
(11) be sustained by a supporting structure (3,10) positioned in the upper
surfaced part of said guide tube (1,1'). so that by easily acting on said
supporting structure (3,10) the pump-—float assembly can be removed for
maintenance and the inside of said guide tube (1,1') can be accessed for all
maintenance and/or cleaning requirements.
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HE| Hydroelectric installation and method of constructing same
1. A combination comprising: (a) a gated dam structure including (1)
spaced—apart vertical piers, (2) opposing vertical slots in said piers,
(3) a s=pillway =ill extending between =aid piers, (4) spaced—apart
crane girders extending between said piers, and (B) a single crane
supported on =aid crane girders; and (bB) a generating module
ClEE LT comprising a plurality of hydromotive machines, and draft tubes
extending downstream from said hydromotive machines, wherein said
module includes guide means positioned within said vertical slots, and
wherein said module further includes lifting points, attachable to said
service crane for enabling =said service crane to raise and lower said

generating module relative to said spillway sill.
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Cold regions science and technology / v.122, 20164, pp.1-9

Modelling winter operational strategies of a hydropower system

Timalsina, N. ; Beckers, F. ; Alfredsen, K.

12

The ice conditions in regulated rivers can be very complicated due to both
intake and release of water to and from hydropower plants. The optimal
operational strategies for the hydropower system must involve ice management
in the river basin and finding a balance can be a challenge for the hydropower
operator. Issues with ice occur during both freezeup and breakup, and at certain
conditions both situations can occur in a basin at nearly the same time. In this
study, a series of modelling tools have been used to investigate the
consequences of a forced shutdown of a power plant in the Orkla River. The
associated impacts on the stability of the ice cover in a downstream bypass
reach and the ice and ecological conditions in the reaches upstream of the
power plant have been explored. The reason for this is that there are restrictions
on upstream water releases during the shutdown period given in the regulation
permit to prevent ice breakup in the downstream bypass reach and subsequent
flooding problems downstream. The study demonstrates a wide application of
numerical tools for environmental impact assessment, providing knowledge for
better decision—making and for optimal operational strategies for hydropower
systems during winter. In summary, the analysis shows that a shutdown period
shorter than the travel time of water from the upstream hydropower plants to the
bypassed reach does not guarantee a reduction of the ice problems in the
bypass reach. Since the intake pond is too small to store already released water
from the upstream power plants, spill and ice breakup will occur. It is rather
found that a shutdown of the upstream power plants can induce environmental
problems due to the rapid dewatering of the river, and an ice breakup during the
restart of the upstream power plants.




CEnergy policy / v.39 no.10, 20114, pp.6683—-6688

Risk assessment of river—type hydropower plants using fuzzy logic approach

Kucukali, , S.

In this paper, a fuzzy rating tool was developed for river—type hydropower plant
projects, and risk assessment and expert judgments were utilized instead of
probabilistic reasoning. The methodology is a multi—criteria decision analysis,
which provides a flexible and easily understood way to analyze project risks. The
external risks, which are partly under the control of companies, were considered
in the model. A total of eleven classes of risk factors were determined based on
the expert interviews, field studies and literature review as follows: site geology,
land use, environmental issues, grid connection, social acceptance,
macroeconomic, natural hazards, change of laws and regulations, terrorism,
access to infrastructure and revenue. The relative importance of risk factors was
determined from the survey results. The survey was conducted with the experts
that have experience in the construction of river—type hydropower schemes. The
survey results revealed that the site geology and environmental issues were
considered as the most important risks. The new risk assessment method
enabled a Risk Index (R) value to be calculated, establishing a 4—grade
evaluation system. The proposed risk analysis will give investors a more rational
basis to make decisions and it can prevent cost and schedule overruns.
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Pressure measurements and high speed visualizations of the cavitation
phenomena at deep part load condition in a Francis turbine

x| AF

Yamamoto, K ; M0Oller, A ; Favrel, A ; Landry, C ; Avellan, F

In a hydraulic power plant, it is essential to provide a reliable, sustainable and
flexible energy supply. In recent years, in order to cover the variations of the
renewable electricity production, hydraulic power plants are demanded to operate
with more extended operating range. Under these off—design conditions, a
hydraulic turbine is subject to cavitating swirl flow at the runner outlet. It is
well—known that the helically/symmetrically shaped cavitation develops at the
runner outlet in part load/full load condition, and it gives severe damage to the
hydraulic systems under certain conditions. Although there have been many
studies about partial and full load conditions, contributions reporting the deep
part load condition are limited, and the cavitation behaviour at this condition is
not yet understood. This study aims to unveil the cavitation phenomena at deep
part load condition by high speed visualizations focusing on the draft tube cone
as well as the runner blade channel, and pressure fluctuations associated with
the phenomena were also investigated.
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Hydro—acoustic resonance behavior in presence of a precessing vortex rope:
observation of a lock—in phenomenon at part load Francis turbine operation

X Xt

Favrel, A ; Landry, C ; Miller, A ; Yamamoto, K ; Avellan, F

Francis turbines operating at part load condition experience the development of
a cavitating helical vortex rope in the draft tube cone at the runner outlet. The
precession movement of this vortex rope induces local convective pressure
fluctuations and a synchronous pressure pulsation acting as a forced excitation
for the hydraulic system, propagating in the entire system. In the draft tube,
synchronous pressure fluctuations with a frequency different to the precession
frequency may also be observed in presence of cavitation. In the case of a
matching between the precession frequency and the synchronous surge
frequency, hydro—acoustic resonance occurs in the draft tube inducing high
pressure fluctuations throughout the entire hydraulic system, causing torque and
power pulsations. The risk of such resonances limits the possible extension of
the Francis turbine operating range. A more precise knowledge of the
phenomenon occurring at such resonance conditions and prediction capabilities
of the induced pressure pulsations needs therefore to be developed. This paper
proposes a detailed study of the occurrence of hydro—acoustic resonance for
one particular part load operating point featuring a well—developed precessing
vortex rope and corresponding to 64% of the BEP. It focuses particularly on the
evolution of the local interaction between the pressure fluctuations at the
precession frequency and the synchronous surge mode passing through the
resonance condition. For this purpose, an experimental investigation s
performed on a reduced scale model of a Francis turbine, including pressure
fluctuation measurements in the draft tube and in the upstream piping system.
Changing the pressure level in the draft tube, resonance occurrences are
highlighted for different Froude numbers. The evolution of the hydro—acoustic
response of the system suggests that a lock—in effect between the excitation
frequency and the natural frequency may occur at low Froude number, inducing
a hydro—acoustic resonance in a random range of cavitation numbers.




Journal of fluids and structures / v.22 no.5, 20064, pp.699—712

Experimental investigation of added mass effects on a Francis turbine runner in
still water

FRodriguez, C.G. ; Egusquiza, E. ; Escaler, X. ; Liang, Q.W. ; Avellan, F.

Abstract The mechanical design of hydraulic turbines is conditioned by the
dynamic response of the runner that is usually estimated by a computational
model. Nevertheless, the runner has complex boundary conditions that are
difficult to include in the computational model. One of these boundary
conditions is the water in which the runner is submerged. The effect of the
added mass and damping of water can modify considerably the natural
frequencies of the runner. An experimental investigation in a reduced scale
model of a turbine runner, using modal analysis, was carried out. Several impact
tests with the runner freely suspended in air and in water were done. The
response was measured with accelerometers located in different positions of the
runner. From the modal analysis, the natural frequencies, damping ratios, and
mode—shapes were determined. The same mode—shapes obtained in air were
obtained in water but with lower natural frequencies and higher damping ratios
in water. The difference in the natural frequencies is shown to be dependant
basically on the added mass effect of the water and not on its added damping.
This difference also depends on the geometry of the mode, presenting different
values for different mode—shapes. Using nondimensional values, the reduction
in the natural frequencies can be extrapolated to other Francis runners
presenting similar geometrical characteristics.
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Experiments on Efficiency of Standing Type Waterwheel with Narrow Canal for
Micro/Small Scale Hydro Power Plant

ISP

Dong—Jin Kim ; Kyong—Ho Lee ; Kook—Chan Ahn ; Bong—Hwan Kim

Recently, small scale hydropower needs to be developed due to its clean,
renewable and abundant energy resources. However, suitable draft of
hydro—turbine body in combination with differences in wheel blade shapes is not
determined yet in the range of small hydropower and it is necessary to study for
the effective draft in combination with type. Therefore, watermill shaped of
250mm diameter. hydro—turbine aiming 20 watt class generator is adopted in
this study because of its simple structure and high possibility of applying to
small hydropower. The result shows that effective draft for the turbine body is
variable concerning the size of turbine and flow rate of water. Thus, the
difference of water depth between fore and aft turbine body contributes to the
increase of torque, angular momentum and power output.
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A steady—state simulation methodology for predicting runaway speed in Francis
turbines

X Xt

Hosseinimanesh, H ; Vu, TC ; Devals, C ; Nennemann, B ; Guibault, F

Runaway speed is an important performance factor for the safe operation of
hydropower systems. In turbine design, the manufacturers must conduct several
model tests to calculate the accurate value of runaway speed for the complete
range of operating conditions, which are expensive and time—consuming. To
study runaway conditions, the application of numerical tools such as unsteady
CFD simulations can help to better understand the complex flow physics during
transient  processes. However, unsteady simulations require significant
computational effort to compute accurate values of runaway speed due to
difficulties related to unsteady turbulent flow modelling and instabilities. The
present study presents a robust methodology based on steady—state RANS flow
simulations capable of predicting the runaway speed of a Francis turbine with an
adequate level of accuracy and in a reasonable simulation time. The simulations
are implemented using a commercial flow solver and an iterative algorithm that
relies on a smooth relation between turbine torque and speed coefficient. The
impact of friction has been considered when estimating turbine torque, in order
to improve the accuracy. The results of this study show good agreement with
experiments.

IOP conference series : Earth and environmental science / v.22 no.3, 20144,
pp.032021—

CFD configurations for hydraulic turbine startup

Nicolle, J ; Giroux, AM ; Morissette, JF

This paper presents various numerical setups for modelling Francis turbine
startups involving moving meshes and variable runner speed in order to help
define best practices. During the accelerating phase of the startup, the flow is
self—similar between channels, thus making single sector configuration
appropriate. Adding the draft tube improves the results by allowing pressure
recovery midway during in the startup. At the speed no—load regime, a rotating
stall phenomenon occurs and can only be capted with the full runner included
in the simulation. Comparison with experimental data, such as runner speed and
strain gauge measurements, generally shows good agreement.
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Prediction of a Francis turbine prototype full load instability from investigations
on the reduced scale model

X Kt

Alligné, S ; Maruzewski, P ; Dinh, T ; Wang, B ; Fedorov, A ; losfin, J ;
Avellan, F

FO
12

The growing development of renewable energies combined with the process of
privatization, lead to a change of economical energy market strategies.
Instantaneous pricings of electricity as a function of demand or predictions,
induces profitable peak productions which are mainly covered by hydroelectric
power plants. Therefore, operators harness more hydroelectric facilities at full
load operating conditions. However, the Francis Turbine features an
axi—symmetric rope leaving the runner which may act under certain conditions as
an internal energy source leading to instability. Undesired power and pressure
fluctuations are induced which may limit the maximum available power output.
BC Hydro experiences such constraints in a hydroelectric power plant consisting
of four 435 MW Francis Turbine generating units, which is located in Canada's
province of British Columbia. Under specific full load operating conditions, one
unit experiences power and pressure fluctuations at 0.46 Hz. The aim of the
paper is to present a methodology allowing prediction of this prototype's
instability frequency from investigations on the reduced scale model. A new
hydro acoustic vortex rope model has been developed in SIMSEN software,
taking into account the energy dissipation due to the thermodynamic exchange
between the gas and the surrounding liquid. A combination of measurements,
CFD simulations and computation of eigenmodes of the reduced scale model
installed on test rig, allows the accurate calibration of the vortex rope model
parameters at the model scale. Then, transposition of parameters to the
prototype according to similitude laws is applied and stability analysis of the
power plant is performed. The eigenfrequency of 0.39 Hz related to the first
eigenmode of the power plant is determined to be unstable. Predicted frequency
of the full load power and pressure fluctuations at the unit unstable operating
point is found to be in general agreement with the prototype measurements.
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F 5-2-3 1AIF-IA 28t
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st | M= -
st= | m=m | St | 1 | 2% | 8 | 4xt | sx | A | HB
(@) | gz | Uz | gx | de | 4z
x|
e 73.9 66 133 133 133 133 598 10.6
AR 56.6 68 204 254 204 153 883 15.7
H
e
~ gl 37.8 34 34 34 34 34 170 3.0
26 26 26 26 26 130 2.3
194 397 447 397 346 1,781 31.6
80 460 692 300 152 1,684 29.9
74 173 400 367 235 1,249 22.2
39 79 90 79 69 356 6.3
193 712 1,182 746 456 3,289 58.4
33 121 201 127 78 560 9.9
420 1,230 1,830 1,270 880 5,630 100.0
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o1 ms 73.9 133 399 399 466 399 | 1,796 | 6.2
A7 | 56.6 238 918 969 068 867 | 3,960 | 13.4
o171 H|
oI
37.8 34 68 68 68 68 306 1.0
e
2xQ | 28.4 26 26 26 26 26 130 0.4
A 431 1,411 | 1,462 | 1,528 | 1,360 | 6,192 | 21.0
AL &H|/
98 1,369 | 7,236 | 7,710 | 1,048 | 17,461 | 59.1
X 2H|
A HH| A pE=H| 80 280 350 370 150 | 1,230 | 4.2
et 86 282 292 306 272 | 1,238 | 4.2
A 264 | 1,931 | 7,878 | 8,386 | 1,470 | 19,929 | 67.5
ZHEH 45 328 | 1,340 | 1,426 | 250 | 3,389 | 11.5
| 740 | 3,670 | 10,680 | 11,340 | 3,080 | 29,510 | 100.0
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st2 | s= | b | 1R | 2& | 3% | 4% | sx | A | HIE

(=) | 49z HE HE He He
8|
g | 739 44 89 89 89 89 400 8.2
o172 | 56.6 68 272 272 204 102 018 18.9
ol 71
o1
37.8 0 23 23 23 23 92 1.9
e
2xe | 28.4 9 17 17 17 17 77 1.6
A 121 401 401 333 231 | 1,487 | 30.6
A LAHH|/
69 999 782 199 53 2102 | 43.3
T 2 H|
A A et =H| 30 100 120 100 80 430 8.8
= 80 80 80 66 46 352 7.2
A 179 | 1,179 | 982 365 179 | 2,884 | 59.3
ZHE | 30 200 167 62 30 489 10.1
s 330 | 1,780 | 1,550 | 760 440 | 4,860 | 100.0

— 223 —




o, F5Y

=
T

5 9

L

=y

o] 7}
Z}

A7t Sl

=

] AEZIG 9
3}

S

}ed

=
7Nerete] AA fAgol AEgromH,

v

%ol

otn, A &Aooz HA/A

S

she] AHow

S

2

£

=]

gl =l BE 7

ksl
7192 o8 A 3

2

=]
T
=]
-

|

%
ol

qo]

7_(_'

fl <]

— O]

)

A

6. AIKEIZY HE

il

i
o
X

At

o

&

B
P
Nfo

T

o
o

I

—_
fite]

b

Hr

HA vy e AErIdes AFE 7o, &,

Axn] Fol sl 7ldez AFHE

1

7

Atgge]
O =) 25% SEEAE 4 At A&Hes o5l

oy
Nlo

ol

vd AFol a7HY, Ad7E &l Jte

S =

_(H

o
A

e

]

&f <]

O

=

=

gty K—waterd] 3¢ WEL=

e}

74

[e)

o] o.
=a =

K—water % A A]

[e)

T

=

==

—sie] A

o
I+

B

H
o

Ny
=
ol

e

— 224 —



E
g]
50
al
lT—_
™,
7},
Eis
o1,

= o s Moo m o
e I ﬂw "o mm
g = o T T i
ml 5 N o " |
o MM’ ﬂmE =] o ﬂ_.um ﬂ/v_._ O#
ol ™ < Ak -
.y o| &m 3 o X
o N "o T = gl
N Q s N
B g SR of o T
T Uk - s RO 4
I O
; Mo = = N
o ol O wﬁ = 2 mm >
OE S e -~ o
o J E._ P ﬁ.e
L SE B
o 5 A w0 B o|)
wogr Moo N S o I
Wﬂ pr w_.M o)) m_m Y 5 o olp Wr
;oT N ‘m_wo N o) < - 0 Gyl
T oo oo @ @R R
A = g mwe aw Nlo W~ X gl = <y
oo N I STy ot E D
— ;O \mﬂ_ 1.11_ X
o <o S
Mo N 4 Bt ORI -
— ® Py a W o W
X do o %wﬂm o TER OToa D o
T o _
m o ot owm Mﬁ L
e T e (o R S I R e
Oy B o oop X TR T om N
T W ~ N o I hy o= —
oww FTR g gz WEROR
- o O o

L GE 2 Sl e 2 JRA

17308 A7 Aol 2315 ofohd

i AA Al A
- 225 -

R

T ~

121

0

Al
2022 o o
8571 4

1T

T

347}

)y

5 A79 e FA502 FAHolo} &

O K-—water



AE D720 7]ao]
E A4 Awrleelw,

3L
=

o

Qe
[}

R
o] §4H o2 Fuuolol

B7F 7t
= AP AR BFES 72 1A

=]

3}

a7e

Agstel B3y

e
‘&_l

Wy

‘o) ARAZ AN Y

q

73

o)
A H

F

A
gt

st =

H

1A el A B

S

‘X
= 214 o |A] Bag& 7tR2Y A, A=)

o
=)
N
il
8!

o

Hr
mo

A A7

=
=

A=A #HE Aol o

=M=
TTHE':]_

A HA9 Ago=w 6t FHAA

)

=t
=

1T

T

]_

S

ZleolH, oA =}
O 2zt oy A 7[&AEL duyA|Y
RS A A

ﬁo
W

I IE AP

T

kel

T

7Fe

B
=

g A

=

W R e uid 0.3% Z7HS2

k)

17} g g =]l 719
- 226 -

A
p

o,
Ak A ANRA L

PN
=

7]

T

L

T

.

o 7]}

taste] zsh, ofiA] ot
%g %73

B
=

]

?_

A
O & 71EA A



O FEXRE= K—waterol A

W

}1\_1_

F71 918, & A7 ZIE/NEArde] T 17Tdx o

£3

2 A

PN
=

urE s Rk7]

0

o

"’

A

&

24 . 7]

)

A A A A7)

2

6-2-1 K-water 9

A
It

30

‘25

20

417

625

1,122 |———

698

2,451

568

45

255

423

6,604

(14~18)

I

n0

[
=}

(15~19)

o

Ot

(13~35)

N0
o0
A

(15~22)

S|

(18~28)

Kk

(26~31)

b

ol

KK

tH(27~32)
Al

110

& 2032712 973 (% 6,600 <]

th3a} ApdRE areds

d

1. & 2~
=5y

O K-—water

KN
1=]

Aoz Ao 3l

ze)
JJo
_

N
Ho

=K

A%

}1\_]__

R F

o wieA|, 2F

S

O 40e)d H S FHBH AAE BF

Hlag u ok A7)

leFExA A 29 sduete 7]

-7

- 227 —



mm|gsE —72d4

o

10

a9

4.0
a

1 ARIGER 557

L 00

61.2%

63.8%

64.7%

100,08

Bo.0se 4
i1
055

Q0%

HELSEF 622% |

@ HE N

AW A

FEEE AE ME

FHESWE WP EE7S

#SMHE

B

B
B

—_
o

g
A

X
0

ol
N
i

A

0

|&5F20 A5k Seuete et

i

bl
w~
|
HU <0

L

0
e

o

7 AHA M=

T

T 75

o
2Ll
r
w1

1
i

0

2

K

i

ie)
i

A g AAA =

oF

=K

TR

71¢} (K —water,

(O

o] AAALZ Y

al
=

O @ ARIA =7}

]

AASZS] 7

AN FAAY, 74, ODA

27t 5

3L

o} Alo}, g, of

T
T

O K-—water ol 4]

— 228 —



A4, MDB Akq FollA &3] Festa s

L8N |

M =R P

A

L7| & [ REE Y=Y
= Xl 0f Patrind SPC M J|22@004S

Nenskra SPC

HEJIL ARE

2y A=

SHomes
=)

" oICLAIOH
s

1Y 6-2-3 K-water?] si9Agy] &3t

©)

il

W e F5Y djel AQOR FTE FHBUE /ARl 4TINS 432

A= A5 Test Bedd] &7} v Fut

O
4y

o ox

o2 e o

A, AR/ TeY, FE/d5rde] 245 Test Bed, &9
Q/FErhe AE7IE A7t 5 S B A B EEEE J9AAE
E 7l&

FgofowM TR FHEN Mol Jerbsidel ngd Ao

% S o
o

e

OMWs 2t A AL A (EAAL) AR EE >R DA A 2
AR ol Z4zke] Gl AN The et Ahedtede 29 6-2-49F 2o

@)
| 4
ot o

Ul
3

b

A

— 53] AASde E ATE 59

O =] 50MWF B27] AL gL AA—E 9] AARAE) A2 E g4 2
(223 EAH (@A A9 F2)—aR2y D 44 ol 21219 B

A Fbse Abeshede 17 6-2-59) o] xALY

—50MWH H7]e] AA s8€e ¥

N

gk Eoln, AzsH 2 7Rk e

— 229 —



|

o=

=
o
o=

17|

7

X
of, %At

Al
7t/ Z 24K

4
i
)

=
S

5

2, K-water, s=X}

&

=)

K-wate
EE

(Y22 F, Toshiba, Andritz

wadx e

3ol 2=

=

=2

4

Z

)

7}

=]
"

1

=

=]
AH A}
(Andritz

H =

)

=

©.

9] 22
2 A

o
T

A AL
(YE 3%, Turbo Institute

prl
=

198 6-2-4 50MWE 2 )

_

E&C,

B2 7| A, =7 [A[A

pu S}
Al &

K-water

k=

(s
Coroo
2.9

o2 EAE

o
i

2 A
al

A
gl

=)
539
il

510

Ujo
a1
Ho
0
el

)

=

=2

SFER e A

(Andritz

o]

H

¥ 6-2-5 50MW A7) A 1)
3]

HERED | ZHEE K|

A}
(194 o 2= ofFy)

k)
il

2N

2
T

A

—0

O A& #A
I

=Ry

1

oK S
= ™
Ul 2o < e R
oo N ok w
i ) —
iRl MoZ KT
A_l 7_”_ _xzu W
K K0
of Bl
. 5
__.A —
+ 3§
<| e ™~
<5<
n P8GR
u !
LT R MY
— .. W0 R _ —
K W KT ~N N
Klo K O &
<0 < oo
g
A S
N < b &
oo <lg 0«
<k <X w0
" oY RN E
N s H @M B
m = oo
L2 T RO O
— w0 K —
x - B g
Klo K I
J oo <F

— 230 —




FARAISke] A8

% 53 9 0y) 2719 A Size Upsl W 8A, A(EE S F) g4 LA
= Z2zb @y HA 0 1.525m — 4.53m, W47 2E 24 : 2.21m — 7.3m

# 2} vl A7, AAEE ollel 84 AR MR A, AW/EI e 3

% A7, 234 59 W ARALS LT FHZAE A, AF A& WY

AAIFA A A Zgar=st 3 ZpEspch

A | A ERSL &8
SEEQ of Q4 xS F
N lHgo=z ste Et Gimbmier ¥,
A | GRS L ase 23} WSy 8ol +2EY £4 o
Hen =Y e AlLt2|@ T|gh st20| F L8
D50 EHTY ShRE D o2 HHEE AHE3} TN Y
e | Y | 7|2RYE i saea A | O
s 7=
Okxx] A _ 3
;3:4‘;417”% TAY | RELER &8 SUES| WX U fHS HEFL0]
A 27 W NBIIES JIEeE 7|E
GiTiol Sa|, 2 IRl $BUE
A | BAIRETAE s g 153 Sojof Espidon 25 Ao
FELsHl=tsd) Hsa®s E8 UHASEI}
PLM(Plant Lifecycle TAHMEE JHES = AAHE
74 | Management) (gt 2 &3} 2pE | O | 22 BHEE AEstE DA ¥
A7l 7|12
AW | 2ERER g8 | ©
IHE SOC AMTEZ0| CfSh |7

I
Flof= Eotof ek A=A X[
|

AMT| 2 ATAFY _
Aol c=l/la T c =
coge | MY GERERDRREn | M| e wE i Adele e
2]
RN LA LLE] Q(EHE, =2, =°
Nk | oA | x| STk s A}
on seordae sz Y
VR | A4 | senss i it 7420] ofl Y SOC 1x2
Atetny | AMIIEATAY s (33 Bae)fo BH M| o
% | @EaEtiEnse) . o[y A28 So| Al ff uo
= AlSH 2 E'é‘H_HXI A-Ihrdj'.
m EELH K‘IEEAlkﬂjlg . =2=o= & o (hi) oo o
A | XEinlef =S EE iy | O
B 21 3
spargm | 1 o
P : SOMWZo| B2 4L HH|of
° f;if AR | gare o etg s Cist = ixlel HEk L A
= 7180 glg
TV | sy A | o

- 231 —




O

On—Site A=/H=] 7]

X 6-2-3 7]E AR AR o] s 2 AA et (FEEZWE On-Site A&/ AR 7]E)
MM 2] AL 2HE BE0Tst U XiHSIO
4eiZHE ug
TIRRY =5t
PfP(H o | mxo of = Al Klo] N TRAA SRLET| 7|E
E—U:” = Tx‘l o Al_l-I=|C>OX|'_|ﬂj_ EI' A—Ij;”il—ﬂ
= =2N=S
o Kt
== = @)
s
ez 5
APREIO| . = e FIY 7
o0 AlKHAHOf L K| 8H Al 7| 2 7l gk AFOH =< = =7l T _
xo_":‘E! A% A|'I=lo I_IHOO” 1X|—|Dj|§7HEA|'I=I —JEI' X‘I|7£|I’/A|—g—0" Jé|93|_|, 7|%§E|,g_
A= -
= *gst | O
22 | O
MO AEL B 50MWE=2 HOAIAE HEg
A= ol 28| 3 10OMWE O]y ZEHAIA e ells
= < SALET| Y L AE
A== — AT TREH HErAIE B4
Rt
O FYZUAE 4% AW 2 H7} A%
E 6-2-4 71E AR AP Y] ApEE 2 AA e (FEEHE A AYE R 37 V1)
MM 2] AL 2HE BE0Tst U XfESIO
2HEH M S YA T g
A XMZH 7| =8 MAY st | O | HE UNMEMEE ZHBsH)| s
RELSR 5SS LY 2 MEA
IULXUMI dsE¥YE | £~Z0| MSHZ J|&EC
= oM I8t IMWO|stg ZEHAIA Rt
2= SAMUTAI AR T 2 A3
R | . .
2= FHH XA ZH 5 g _
= Z|y 5MWZ ZO| 70MOofl CHst
Mol L X| dH| 2= < HsEIt J|&7|1222 2 Ao
Apoq oo (il ] 1= = - oSS o e = T |
&3 IS Y SO HEH 4o 4 a8 < =4
2 AT Ao =&z g S8 dAB7=
TR A|AHE M=1H7 o 153}
_T‘_X‘ID:‘ 8_|El_/\ = <_;>_<c>o % 1 & 9
i Jgole 75 =
22X M S YA E BE AR S AMEZ NE| oS
AMHY | FXE ST LAY | St /87 A M=o Hg
= 7Lz fE2| FHIFI|IE
AXI|7| DMz gy Z2gste J=0M £RQ 22X
oM BHEY S AEj7|E A | O | B 2 JHOHA AAMEFIIs
AEIRIELT HH|7| &7l et AEeE = JEY
BV
2ME XA EH 2 g A wETie] 2™ & A™A
. . Olet MEf ZTEI|=2 Moz
AMS | HRUUEATIISMHEMNY | SHH, 2 RA|0) A= LR Hol
= It E5F L35 I L JHChA|
SR DR AMO 2AE o s et =5 BIF 2
=1 = [ —
A O|AFAIEY RIEFT|= 7h et B O | oAy Jlag Mests HY

- 232 —




(] AREFAE 71 AFAA (AR 2 ey £
2| MHE JEUE | 2 & 4F | GO U sy H 2
-Hlo| chatspo|
— ol Jllo] A | — 457, JHHIEOM, | @2 SEZaE
_ Apd= E OFdA] _
OFRIA THERE Jf; Jlee  SREEOF | MTHAS T2E 42 | oM OiF
M 2D K B -
SO | IRPEAPIE RE ol ool | Eie Al chst o | - a5z
ZHE gl AMHE  gloLt N
B Do FR S U | TR Tl h Syaro-Susherska
Ad OJI o A_'HlAlA_'O‘” _l_E —To = 7HEl_ | E7:” |§ HE
o s = 7182 — E} 20} LYRIOF Jlgt | ya Lk BRI 97|
5 ORI Hf -
’l= HEl OS IIE aimane mgapy | Al gl otsio] 421 | oh Tk =
@l He Zal= ok ZE R 42 OF
Azt
C{SMWE Tl AU | 2R R
= N O Ad .
—7IE SR S —15MWZ  Olse 225 50MVE £ | — 1BWE: 1.5
H Ea —L -
71 7_'5(15MW=" oSl Tl 4RF | MRAA TS HS — WE: 45
=4 Ao M 7la wS | —®2(5pmel  TES | - Size Sk
TREA | ZRRETMA | we) el | s ne 52, 24
HEE RIS | o) S me | _axwmmo  oAs | = Sof
T RIS e (15MW= 0|5 SFEAH, S U M | factors 24 SH
HET A 7| 7% e M A=
—wEy| J|= M7 Jse
225t OMWE MR | 27| =
—15MWE ol ,
—31=(514rpm) Jle 45 — 15MNE: 22Im
o . wry| A Jls | . o
IsMwE | — R&(150pm) DES UED| | - SOMAE 7.
A T AHHA= = S| CHSSP|
SRUWD | AATlE sl me | B 2| P
—WRIRRS Qe ° = s ZaES WHY||ME SIS
E|_7| 1|—|E T A'|7_E| 5'%:’_351 A—Ij;” T =2
= == = = = A
X2 A ;A ChEso] M2 oA 2at | TRt AAPIS
= M2 | Ze

— 233 —




— ol WHE(SMWE
SRl J|8io| Z0E Of5h) S &Z3104 sOMWVE
sxje gEeM | 1TSS ssmaieo) Aol
—| O =5} *"ﬁl H jod TaEre— = ==
FHHEOE  EA c= =l ee MM HE Ol H=
TEEHE | sS4 6 Tl 1A 712 —CAES St #H3UE
ol = _
PSS HE yShAESS LiS ZHH|E|O|M Pk ol
W= EH;ZJ E-T»:;l,;] oz | l:.IMIHQfo;
SHAS =51 Ao = I
= MRl aE o | ST T
HEY d50|= 0% A= THIUES  UZE,
o TiT _
s, U8 ¢=27 &7
gl
ABd -
T «15MW& O[3}
. ORYIRE  — o4 _ Al Eo| CiEs =
=Zay e A - =25 _ asi=aE Onsi THSHES| Ligep| HE foian| A
= ME| A —=2r— e s . | TSE A3
, - X =2= A ixh e | OTSte MR T T . 1
On=Site | . o s &) Nxydxbls , b A= On-Site A%/
_ S S EI= o —On=Site MZ/EX Al | _ _ . o
Ryl | NS G M| J1&2 %k
o A= L XD UAF
7[% —|c>|:Ho

K—water 28=0I
TAFSSABHNHE

St ZEYSAE

— K—water 22

48 olr

— SOMNVE TEERIE JHEA
U2 =HEHE Set

dSAE ML

— K—waterQ] £XFSSAIE

=
TMWS0(3 _ i
— | Ovwaors NE™R 28 MEIS 83 Uds
MEAE | - = M2 %
= 1 — T oo I:Fl Alg‘{ _/'\_3H
- L= T—o = o
A SAEHE S _ mla azmol a3
S5 DUHSAH e T
e NSAE AH| MD(g
B ST )
7/E 2d| #A 2 - ARE, 201E 2 /A
Akt 2H| 2X| k= B B RIEH 22| 70
s BRIkl | - AIRT, 272 | FH7IE HE
=2 G " o _
RS He|sdess | MA &8 =T | - 4NgH =k gt 8
=20

2 BRI
MEAR HA £

(15MWg)

- dry/wet test 7|= =&

— 234 —




HE A A 2H

Az dz AA/AZF

W

a4,

Head cover,

=N
[}

servomotor

=4
[¢)

AR}, 3 AR}, upper/lower bracket, #|o]g

— 235 —



o

34d. 7AAA ¥

He <= @A 7HA,

A
it

A8

o

o

/318 H&

Ae)

hY

O B Aol ARE Rz L @A s

o

g3}

L
= &

ZA|2e] 2QF

o2 v el el

=
£4

=] o
T}‘\jlt‘

o]
2]

B

18
g

H
H

7Fe]l A= uhe}

T

T

Al

=
T

A

3

4 drh g3

9

E

b shetsof

k)

3}

g

A

s

]

[e)

B

©

—

0

iK
—_—

o)

B

So] &A%t

m=
iz

4

—)

0
B

oo

— 236 —

- & Aol FY=EE Y% R&D £}



) €12k A el

=
[}

Bl

A% 714

o
T
i

zel

A

A

L A

e
"K

o

)

o

O (¥]

ol il

S}

3

SA 7|2 A

=

=

AR S FiEE 583

dist Ak 170

T

T

ol w

T

PA ol whet

) 7 A7 T8

A1

T

A
[€)

3
L) 71k 7+

SHthal 7

iy

100% 3%

[e)
Easy

) 710

7+

5

Ho

i
A

[—=
is)

qel A 1AE

B

o)
i

&+

HE izt Ak 170
E @izt Ak} 1A

2 7+

Al

b

A 8

=2ks}

o}

st 715 90% &-8), fFAF TR

sk Ak 10
ek Ak 170

A PR FEZHE g A )
Al 73/ d AA 53

L

vl A 108)/d A 3
— 237 —

T TR AR SR FHEHE s Ak 1)

SR 7159 70% ), FAF TR
s (A 7149 50% B8), SAF TFE

= 2ks}

O (#44 Auele) A7 F8 A4
413

O (¥4 Auge)



719 50% %), FETALN JeAd 539 AA 3

O &8 & I=7pdaATA(KDD) o RlefdgdzAt FARA RS AL 2] d918(3%) #&

v == A~ 3T ~ =
A77F AEAer guHol FR A FatE FHEIE Azt ALY
= a7 S [e) A~ 3L = =
7] =4ksl A, A7 5 % 59 oUl fAF 1R FHERE dig Al
= I~ S [e] =) A= vy P
1A =48t (N 71& 90% &8), FAF 1= &9 FEHEHE 55 1A00E
A~ A= == A~ T = B = 2l = s
7= 100% %), 8¢ dH 45213 103]/d AA 38 He] o=
B 2= 15 = 5] o L
A% A3 £He dAA/EX = 16,6339 vkdolal B/Ce 1.4602 el
= H 5 =] [e]
AAA gdAde] SRS oz EAHAS
A =]
E 6-3-1 s44 Augle B/C 4 A3
60" =2 A 32 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
= E @)
ZHH|E(A) 40,000,000 2,000,000 2,690,000 6,900,000 14,020,000 11,620,000 4,770,000
27t R& EXH| 27,000,000 1,350,000 1,620,000 4,680,000 9450000 7,830,000 3,220,000
0|7t R&D O & FXH| 13,000,000 650,000 870,000 2,220,000 4,570,000 3,790,000 1,550,000
X 7HA (A" 36.384.712 1.819.236  2.611.650 6,503,912 12,830.286 10.324.219 4.114.644
Z2HB) 67,500,000 3,375,000 - - 100,000 100,000 23,100,000 100,000 100,000 100,000 100,000 43,800,000
=S MH| 2SO HY 43,700,000 2,185,000 - - - - 23,000,000 20,700,000
HeAd IHs=d108/4) Hel 800,000 40,000 - - 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000
olQ +=Z W17/54, 100%) 23,000,000 1,150,000 23,000,000
X7 (B 53,018,579 2,650,929 = b 91,514 88,849 19,926,263 83,748 81,309 78,941 76,642 32,591,313
Z=H9(B-A) 27.500.000 1.375.000 (2.690.000) (6.900.000) (13,920.000) (11.520.000) 18,330,000 100.000 100.000 100,000 100.000 43.800.000
NPV(B’-A) 16,633,868 831,693 (2,611,650) (6,503,912) (12,738,772) (10,235,371) 15,811,619 83,748 81,309 78,941 76,642 32,591,313
= dg solg 3.00%  B/C 146 [N et g

L S84 Aldee

O A7 AF3Aoez duxo] =3 A|Ad =7
170 =23 A, AF 5 5 5

A 1 =AUl 71E 70% &

29

=

(NE71E 70% +2), FEEH

— 238 —



# 6-3-2 T84 Aude B/C 4 23
& = (};j} (Ez} w7 w8 W 2w 0 02 N3 W4 W5 A%
FeUEN 40000000 2000000 2630000 6300000 14020000 1620000 4770000 : : : : :
27 Re S 77000000 1350000 1820000 4680000 9450000 7830000 3220000 - - - . -
217t RaD O A 13000000 650000 70000 2220000 4570000 3730000 1550000 . . a . 5
AT A) 64T 161923 261650 6503912 12830286 10324219 4114644 ; - - : -
FLEAE 57160000 2858000 : - 70000 70000 23070000 70000 70000 70000 70,000 33570,000
T 39100000 1955000 . - . - 23000000 . - - - 16,100,000
HEAE 8T8 e SE0000 28000 : - 7000 70000 70000 70000 70860 70000 70000 70000
842 43 HUH/SE, 70% 17500000 875,000 : E e : e . : : - 17500000
HRID) 50479 226523 : - G400 2134 19300385 58624 5616 55250 5349 25,053,642
£HOE-A) 17160000 858,000 (2690,000) (5900,000) (13,350.000) (1L550.000) 18300000 70000 70000 70000 70000 33,670,000
NPVE-A) 8920077 446000 QGILESH (6503912) (12766.226) (10262025) 15785741 58624  S6O16 55259 SLG40 25053642
|? s solg 300%  BC 125 [#A Bk 2ls

A7 AEAer dudol TR A SR FHEANE A}t At
I SAkst BE, A7 8 F 59 o] fAF TR FHEANE s} ALY
17 5238t Ol 712 50% &8, A 1R 819 FEZAE 3 17300

= 3 o] A

245 At 21

A LM e FAH BdAEe e Aoz YEst.

30} = (ci:%; (gg] 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
SEH &M@ 40,000,000 2,000,000 2,690,000 6500000 14,020,000 11,620,000 4,770,000 - - - - -
=7t R& SFH| 27,000,000 1,350,000 1,820,000 4,680,000 9,450,000 7,830,000 3,220,000 - - - - -
OI17H R&D TfE SXHH| 13,000,000 650,000 870,000 2,220,000 4,570,000 3,790,000 1,550,000 = 5 = = &
S 7R (A 36,384,712 1819.236 2611650 6,503,912 12,830,286 10.324.219 4114644 = = = E =
ZE£HYU(B) 45,400,000 2,270,000 - - 50,000 50,000 25,050,000 50,000 50,000 50,000 50,000 20,050,000
=gy 28 OF 2 37500000 1,875,000 5 ‘ : - 25000,000 s s = - 12,500,000
HEA A eEEE) Be 400,000 20,000 . . 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000
o2 =& H(17/54, 50%) 7,500,000 375,000 - - - - - - - - - 7,500,000
B 71K (B 36,777.935 1,838,897 = B 45,757 44,424 21,608,350 41,874 40,655 39.470 38,321 14.919.083
=Hol(B-A) 5,400,000 270,000 (2,690,000) (6,900,000) (13,970,000) (11,570,000) 20,280,000 50,000 50,000 50,000 50,000 20,050,000
NPV(B'-A) 393,223 19,661 (2,611,650) (6,503,912) (12,784,529) (10,279,795) 17,493,706 41,874 40,655 39,470 38,321 14,919,083
= Xg solg 3.00% B/C 1.01 |HME EHY 23

— 239 —



98 35974 £

=

=

et

3t = 7]

S

-
T

=]

Al 6,60092] 3t Ade] 2

A &30 71 ¥
ZAo} W=z ("15)
Ro}, w 7]Eo]

— 3 100% ko7 A o
K—waterel| 4] X

U ZAAS A ob5 859
- & K—waters

;oT

o glomz I FHIf

hn)

~
100
e

e

T
-
oA
o
il

o}

o

O se1es shias

571 71

A I, %

HEAEHE

&+

273 9 oy Azv|E
2 e oet )

o

H

2

Eo] vk, o

jze)

"

o
op

-

X

)
L

"
+

— 240 —



53 2t wopy

il

g
gl

AT,

0
b
&

To-

X

15918 o]

Ul AbE7F {1

e
e

— 241 —



SE

FovIE

al
=

78, oA MeteTAM Ay

14. A A¢8 4 (RFP)

1. 93¢ RFP

pid

S22 (50MWE)

)

o

8l

__l_l_

IR E (

I+

<

O SnZ(60MWE) +HSHE HA/HZ 7

Al

N = =

=
=

71t o, A, o5,

=

H O Al

100
o
<
oK

20

Bl

B

ol
o0
Br
il

ol
ol
<]
<
ol
mr

<+

o
<

&
OF

ol
W

-

Hin

zl
ol
i
<+

Ko

oot EA/H 2

e

P

HE 2 7

b
7|0l 2

k=1
=

st Jls
A siel ©

20

B

SO ZM

IS =4 71-0] M=

= =L SHeE

[e]]
AR

Sl

=
—

—
[N

o

o4

— ©

o
<

gl

Bl
w|
=
i
zl
el
mr

<+

<

K| & 1 7|

o
T'_‘%;‘

* EAVREERY

Ho{7]

s
=9

x|

Hio

Ljo

Hlo| S9l 7Y %
H

M
=

M EUE

=

==1=13

OIE(1OMWE O|Ah) %
I (254MWaE), 4012 2 (50MW)

- 35
_Al

|l
Kq

=
1o

Al

A =
LBEUE M

9

=l

i:.:
ok

I+
fir

oH

&l

£ =T =X

Al QIR AREOf| ok

Fo AT

]

o

1ol

o

— 242 -



— ]
|r ol = =
— =i Birg O_H = = m_u
,L. W " go ok SR KF o
r Wgpo o B0 o Py TEgn 3 1 RO
~ <M == g0 L 0 o N n "3 = 2
au - — o T gl o o DY IF Hr <0 pd = om XU op - H <
el oF N I T 0 = 10 R | 70 oI_E @ o A i | - 30
o lgx DghE R i~ 2wl 53 oy
5 do O I LU S = T I N<E e N o3
R oo i M2l o ol 52 om o Rr Kio =
oF H41 = g2 R o & O 0 X ol BB Q2 ol K vl ool o M
) Al_ _._._ﬂ OF: i o} < O_ = o 9F W _AL I LH
<0 Mn_ X _ vl <F O K4 I K o wur 53 X ol H < O _- = = = 0
H | o | ol |g 3 3 K K ™ X &R Oz T ur M= 8 = ol R < o
|k | ® |38 o WP X ol i >l VE S T i 8l <
< N 5 O Ao 2o o S = o ol & <+ ~ 3
I+ K pURE = = - - 0 W fo 20 = 7 r o A N Sa
T | %0 &R RO D B Do K gz 5 M Hm< oz o o bl o gl
A G B R S R gy W R I = A o g <
[N <! @ ok R o X N & =
<7 U0 % CH o w_m H| on of g o R =z Ry i <
3reg < 3 o L L = TR (ST = = a o —
e Q3 2 < m._ A N K R I LY I K
| T | @ o7 SER S E® L oo XX R W= N gz _ ol =
. oK — o m i 1o 3 =l o K T Kl ol o K|o oy mr _AMu _n_r..o mr =
oo e K Wk x O o & g oW w0 g
& | "\ u 0 oy wur = U nr Uk = TS i WU of g L N =
L[ [ Bl o 9 o or = OF _- 3 N Bl =3
el 813 @ dOHEs fwm_ R R TR N T a I
LSl - |8, —~ ok %0 W._ = m K ._“m____ ~ Kl = <l g oz <fu 4 g < R OH 7l <0
ac g -8 @™ = E U Uson ol %o o w5 & o <
Bl ! K - = = Bl O o’ L Inge =T o T -
. = — - Kl E i b0 ~ U =< i = I &l KT w__l_ ~ of .EHH__ o ™ ) on T 2 m*__._._ w.A/H o
- Y > Ko o™ g g IS NE I Qoo WO = o s
m| 51| 23 < K mﬁw i o BRR® SR & o 0
® | SHoq| £H DL N s W= R o MO W Ty En oL 20 w Mo U
K S s o ol - 53 F.__HHEHE 0 < - X c = ol ®O
of juoll 2y | Jo wl K K¢ o Nz mroS o ul o %0 gy o o 2T =5 Swmr .
— | <2 F =+ B4 o A oE - o R U = & of &
a V< T T T TR U S0 X
L wm G0 _%u_o S " L el an mﬂ T < = 2 Ko RO R
10— 0 ir = 2T K20 M <o 0 CaRE I R WG Mﬁ_V SET o
e S 29 =g S T Homan Iy
= e A3 Pz o Aol ofF Mok & « = +~No A
< a . wal W T Ko U N i |
N,.H o_unn_ ol — ® H _L_=._ aor*_. | A_l o | _ O O
oW o«
- )
100
o
<
~

— 243 —




H 2] 24 & off A

HE o

M2/ E R

0f0
ol
<l

nA
Al

o

7|(Generator) 7|

s

=]
=

LK

- =
=

-

ol

Kk

o+

zl
3

ol

(1M &2kA ]

70

=
24 7

27 7|
£

ol
=

E

E orgy
TES QY

Gl
=
S|

Hin

hn

=5
=

o 4

N

e o &
AT M T8 Tl

ok

- 42

oK

Hlu
fr
<+

A 7l g

19|

ok

T
ol
I+

[2AM & 2HA (]

On-Site M&/AEX| 7= W&

7o

A
=

A= 7

NS 7l

AB 2 A

gl
70

nl

Hi
fr
<+

7lE M

K
Ok

it}

— MOAIL

[3A| & 2kA]

7t 7l JHE

21
oK

@

Jlo
X0
|
Al
mr
<F

Al

K

0
z
oF
0

oK

<0

KO
<0
|
Al
fr

<+

.

ur
K

Kl
__A_v

tEL, 70| =H|el,

s
ESWN

2 HA(Z2HAA

=2

— EBUEC ML THsE

M
I+
il
o

l
3

P HES

M 7le

o

S

25t

E

M Al

I

S
=

AFGE

__A_I

FAl| 24

__I_L

— 244 -



_xI|

o

<

P
B0

8l

oK

&l

Ho
[Ho

i

oK

o

a

282 74
=

=]

AMIF ANE =01F

=
T

Fod =7+ LI LAFR O] ROI(Return On Investment) A1

of

el

O &8st =1 o9 g7 =
- A

__A_._._._
KO

o

]
o}
K

R

oa

<]

o

e

s

%

System of Systems

_x_._._._
KO

Hl
fr
<+
ol

o

gds s AFHS2 Al

o=

Kk
ol
fir
ol

I+

Rr
nr
R

o

Bl

W

Hi
fr
<+

Ol
E

g
70

S Test—rig

gdsA

@

Jlo

ol
ulo

Ml

ral
z

nA

1A

K
__A_l

OJ

o, AFEE MYsto| AT

HE

K

==
1o

O A HA|

oF
Ho

KO

8l

oK

aX!
io

0

2

I
=

I Al

VS

_xr.z

=
%0

8l

o]
_E._u

fr
Jlo

o
fr

0H

Fa
=

=]

| =
o o

ERE:

o
T-

| @271 HE

9

t

VIES|

O R&D ¢+ 7|2t HE/AF +

ofu
=
<0
ko
K

(1M 2 2tA]

of

g

7N &

A
=

2 oA T

E

E oryy

Gl
- AlLE 2 Jlgtel +2HY

Hl

o =

ofu
=
0
10

W

71eh A0 s e

al

N

oK
o
o]
I+

NE =&

On-Site M&/AMHX| 7| 7HE
— 245 —

[2M| = 2tA|]




[3MI & 2kA ]

= M

g7t 7l

al
=

Al

Jlo

<0
|
Ml

fir
<

: 27,0004

=2

: 5 (2017~2021)

— JHCHAl SIAF 2 B Bt

- 273 Data 24 T2

O & A

ol

AMY SOl meEt 28E +

o

ol

70

Ok

tH, oty 2217F 23 EstA L

o

i OF

ol

o g ks
N EE RN

=

=
e

pS|

=5,
A

F

—

o

of Jlze W

 QItH[Of CH

Jlo

0
K4

4
_x_._l

oll

e =

[e]
L

AN

SEEX

!

GHO4 Of

[e]
¥ A o

4 7H

| &Al

FALZEA 2L S L 0]

[=>

[¢)

b

(e]|
=

LS I

A

|

| A7AALE

—

O
H
=

ol

=
=)
s

¥ www.kaia.re.kr @™ &, http://rndgate.nits.go.kre| FAIHSE &HX

- SZIM QL ZHESHH T

o 7|

.71 Et

St =

ay

OlM A2

=
[S)
Sh

oLt 25

$I
0

F

&l

FAl| 2F
t=l, 3 2A

=3 N2 3

;o

| sfiof &
of ZAZ[ZALE

°

b

=

=

%:)'

S

T

=

=

40| A}

-1 o

2 A
o GF =0 AFMLES ASE 2240

°

|

o

=

!

e
A 7 2]

__I_L

P

A
Cf

olm
o
<+

ol
or

i
om
il
1

792 FA JHT

A M Al

TRM=

=
—

—

=13
|

=7h
o
AX

F 7|

[y

Mol M5 M2t HFUE

DMOA A[A|

=

O AL
e

to4 A Al

1o
oy

F

1l

o]
SHX|/7t

o

t=

=
X0
Ko
g

1o
o
ol

I+
Ol
=
X0
R
<fu
I
ol
=

=
1o

<+
I

) 2 A

AL A= MO A Al

R
Ko

=2
=

|

12l 7]

2
— 246 —

b olof cHgt

)A




o

__o_”_

afi of

M Al

]

-

ol

8l

ol
air
il

o

Ulo

oH

of M AlsoF &

A2

O IMS

{0
__2=._

N
id

ok

_

o0

K
__A_l

T
Ho

=

-
gL

7le el M= 7

ol

QA

— o
=

=
=%

B, Ofoi ket dpA[LY

0l

ol
ujo

o
il
e

__o_l
-

olo

ol

=13
=

HAM A

Hols

KO

an
ol
m._

[
K4

o

old

<+

— 247 —



2. 1A+ -3} 4] RFP

o T il = P r
= - o ol © lod = " fut =
~ ol FYE 3 &= sw sy TX T 0 ol
W mom o = o 5 k2R JdF Ry o= X of ar R
~ e TR R Sa B2 T B o g U=
= N = N ol 4O = T E.__o WARJ_NOF._ Kl . o
=X mo of 0F — - = 0 T o gy X o - = N o= H
gl KK oA o no ol KF X0 < = A5l = ~N
. Ly Fwoom wx WaAmha YR Py W o
o B s MEZARZ TIT T@HG D ooy dog o
h Mo TS oW o I U BT g =& TR Do 7
dfu 9 — _ i B T AL Mo U Rl K 0 _ ™ <+
= w0 O ol Kl ™~ ol N N o K- oo Y NIl — K m 5
~ =) u = M o~ oy X0 o o = < 1 ok )
T UR < g Mo L ot Rl U L tE WH R
) EﬁT __M.__ﬂ | <t N o_E._.__._._l_m__.o ol __ln_ o] _.__om_nTH_E o u__mwu_l < - =
< L wﬁ Wl v Mw_.._ﬁoxl_ﬂ.ﬂ%ﬂ__.ﬂe < FOHRD K .__m_ﬂo“_ﬁwn_ o
= = o _|_._I — Kl K- Jl*A_Il.I_I —_ | - K ~ |._|§
Kl LY tw @ R Twg o o3y L i B
- g ol ] < _ .__.__”_._L||O__¢. T ooy = —ool e o § m
N1 = of rt r ol = 3l oK “__Auro et = O o o & N % = o W =l o ol = 0
X0 N5 kio RO ) ool 2 = o K O = o7 = © M dzwa ojn
Wo N S IH il w7 ol __A/x_w N g 303 mo_o il o=_=”An z n od MH_HA 3
b - ! o = K0 57 & Z 7 LH o7 O g N 0 2
I R nT Ly oMaT Y TTIMEE whoom oo B
jod 7 i} g _II |1_._.I = m - - == an =
i R T N 2 L_;Aao_wwmol_ATATLH___ﬂ%x*% w0
m_._.._u = <+ m, <+ oK L o3 ol 2 HM =1 m._ .m_._._.= A Hm K50 A o U Hl m NI 0 o mr “_u“__m H
i O Srmm & 0 A_.A_.@_.ﬂﬁmmwe__u%uhﬂ_._%ﬂouo WA o & o R
% B SR <D L A AR T w_ﬂ o ol 5r RO n (¢ U gp B X0 gy B
R I wl ™ m%+@@|@|%M£7:§Mm@az%&%y%
DI - w0 m___o_e__pao%ol_momo[rﬂﬂzm_mwmﬁT#wﬂwﬂ.W
7~ hE_Eu._A_. L_mo_g____._L_..TMV HMﬂmwwﬁ_umﬁu.uo_._ﬂWEB_%:.H_Hur._uutue_%ol_xsmoﬂ____
¥ . I T < ol A S S A = T
Rioy M oo T |Wldm 27 __oTo____ﬁijm_xEE__BA_WME__O_AI%EA
TS ET I W s m _.._4&__|waﬂr@?ﬂ%oToﬁ&_u_E%A_.%éE_
T we awn Slwcmuurrg ¥ VpeherPTas g oo oK T
LIRS DRl RR R SR B R pil L R
= | L R g R N R SRR
o _ - - K Bl RI KO <F MO of K K KO ®0 T U <f
o o o o O O o)
- Al
B | . ol
= | o 3 | 0
TR =T
mﬁ |+ o
5| B
1 o | O

— 248 —

MU A7) 222 ZH[2] BA



HEZ®

Hnw._._m_.luuﬂml_.__l
%o_z%mﬁ 5= T U or K |
FsooBT mAEa oKz o@mpm X
_|r_”_L| = o |||_ O_m_x -_ = = I.I
=_om_o7=__uzo d_l_mm.ﬂ_mﬂ do_,_ol_n| M_wﬁﬁ._ -1 0 — o K9 B o o o
B0 ] o [ i} : = K 0{0 .:. ol od = e =
loE.uw_:..__A.o_o - o1 B m_uloMuxo_md__ﬁ_E ﬂu_.ﬂ_llo_ua_. aa%_uﬂm Rl ol T IRl
RO g0 » B I = o 5 < H N oot XD Taa® g ool B R ol o o] = X
T 4= E = il Ik — Ho ot Mo — mu Ul ot o3 o M ol 5 | <
_ IREAHmDmoH%:._ NEIM_NH_II M%H@IMEE H ol _Eoo_emlsm_
n_xa._%r_o_EomOHEaE Kolowd A& |o=_._IEEH oy B H S @ Qg
0 .A_._._l._uﬂ 0 = KO Y ._ﬂlnro M= T o“_o _._ﬂ _n__x_ o) Qn_ IH o WH O_u_ _._.__n_ __A_._u_/_ K
rr o R I AdE4 S darx R T SO, S
Ko R R A L U = A I S dor X0 Ko o Y B * i
W _ & A T =) Tk WwdHE o 0 FHEZ2 T 5!
Nﬂ%#ﬁ%%@dﬁ in S <F T oF B 5 S g ol T S oo Mo w
= =] =1 °% M — m ok __H_A.._:o —~ H = — =g o0
=N [ e o kW A0S K m K o ! 2 = S O ~ = o o 5
il il R i r <k ey < @ H = Wl T = = = Qo ol c 9 oF KB < B < L1y o
TR S IR T o o Cpo = LEInT
< Bl o_n.___w__o_. E._JIE_ﬂLl 1 o_ﬂuro_ IME.._a ATE_A_.._H_._.T_A_'._. o Ar ow ol =l o
= e RN 3 . H T L RPEZD or o w1 %0 gu [
40I_ML|Eomowax_€ w0 02 o1 = g o — g 0 ko = & T3 FRESF g0
TEmWS T o M M O TR gL ﬂaxﬂ_eor__ T W5 B0 W |xmr_%uﬂ
wmu_wﬂ@mﬁa%ﬂﬂl u_.mwww__d__gM N%%%%EI g R - II_OI_EHAI___%
N R I o T T I =50 T@. & “pow
80 L RUBRE N o B _ <o oo T o~ K 0 ot ;e = ~ 2 o
oz___plo_#u|;_ﬁo_z7 gy N9 4:_057wm"an TELE AN g2 2w o
53 @l ot O W st ke O T Ko 2w L W SR rb ﬂu W EHEE
il o = o, . ol = nl = - LI_LI_H.Hl ol N A" (oI Y] T o = 35 .F.,:rLl o=
Mﬁ__A_.mm_;.____m%Em__.mo_qml uw_.o_g_._._7muor_7 Eﬁmﬂol_oM._:mm_ﬁ mxwuemo.amwﬁ_vﬁm.s/ﬁo:“
= . - MIFI__A._._.l I._.a =g " ATln/_ = T mr o__u_! [} gﬂ_”_
< — O o Ok s ﬁxﬂLH%HMO Bl = Lo H B SIS T g - o
N W O oN fEX FaFen m i Bl aus e mAeAXLoM;wEH/z
AT wEd SsaW L RE = o DMy ds ™ @m_xg%a_zﬁ_x:gHﬁ?
fiTe) g lro_/ A_l L_|_ A_ _|_I.__A|O |__/|L = e oK ﬂle:._-_Ll qTQE b o - Mn_l LI_”__._.=_1_I._| >
Ok Y 33 — K o0 T — RO K< <gF < on = H © — o o M oK ol 1o < | k&
b Rws S ER Mm% s KW K X o R L 3
- 4y — julagL .._A.ﬂ_.A_|L|.+_A.oJ|J=..__.ﬂO|_E JE.o7 MOA_l_._._|__A < ol = 7A_|TOASW\_0
W%weé_/%?mowwafgéﬁ_._._ol_e.ﬁwxm Kl E_ﬁ:ﬁ_ﬂ.w&__ﬂﬂo_nérmoaﬁ Wm%oﬂm_m%
gawLMﬁmmp@m_E_ﬂ%Mﬁ#4@M_ITMEAT&%OMQQE.@EwooEoM:HadoATm&or__ITy_ATME___?
:._.A_'m_:ﬂ__o_ﬁa%_'moﬂ._ao|4xﬂE B e < H,o_._:._ua.m/ugo th__;ﬂn._lmnm_.:x._m_a
5 H 0T WE_.AE_:_._a_.L.L.OlW = 7|_M_Wu T - D@ ¢ C i M- o
o) ol N A_.Quu_nm_aﬁur.uﬂ_ul_4ozm_mﬂom._mA_._._HMI
© ! e REYI = | = < o =
@) [ T oalR T E = o m = 3=
as S AWM~ v i ol RI Kol
100 O o N R e I
1HO o
<fu
~N

— 249 —




57

IE
o

Fo

o
=

&

=

el 23

O =

oo

—

—

toted

3

H A

AZlEg0l JEE
=

L0
=

_|
7|
bRy RS

C
()

&)

AE
o

b =

al
o
=] —

=5t
=)

=

7H|:|I-

AlLtg| 2 7[8Ho

47t &

IE
o

3

—

°

O] QR &=

H
)

Al
— ™ AlEof of

Of A2M =stE =[] WA
O Zx4H|el WE ¥s

ojnjet 4EY

™
II:|_:|

=
T

o] O

O AlLIZ|2 7|gte] +Z2Ed,

=
1o

K
_,_Imm
Jjo
20

g
i

I+

7o

ok
u

O

Ho

B0
1o
20

—_

o
vdl

_

ol
bl

I

=
1o

<+

ol

<+

(=5
=

A
T

Hl_l.

H
[

O AlLtE2 7]
- ALE L T

g AATIEQH A

NESRCIESEE

8

=]
)

7

=

E

o
=

R
K

o
K4

W]
i

zr b

gl i

mu <k
ol Klo

Hu
fr

Kto
_

1ol

ol
i
W

1o

Kl
|

7
0
1o
20

K

1ol
o
ol
Hm_”_

-

ol
ol

Ir

=
1o

il
3

o

K

KF

KJ

oK
Ir
iy
0
oF

0ol
Wl

==

Hin
fr

klo

4 7}

o

Ztoll hE dA Jto[=2tel M Al

AE

H

A
o

1}of
H 2|AT Z

=

[—

— A& ALE[ 201

Ir
I

ok

<+

[T
M4

~
XY

JEN

ol
=

HE dH|Q MZEAME LA J=

Al

=
) A Zls W

7HI:|I-

A
=

7t 7]

H

A
o

EN

Hl
fir

<

o O

I
0

K
KF

— 250 —

- AFEXAME ChY

7l

2 54
==

@)




A Al

!

S
=

AFgile

0
Hin
fr

<+
Kl

nl

Al
fir
&

==
110

o

M& a0 B2HE

al
=

FA| 2F

=
foY

__I_L

At

ok

ol

Ko
!

K

[
B

__O._
20

K
_x_u

A5 fIMoR

K

_xrl

il

<|

&1

il

&l

oK

&l

o
%

i

oK

o

A7 2

F

=
=

O H% RAJ|IEE IS MEIIE HINoR AR E

O =Ue 7I&

EA| 2F

=
8l

__l_L

At

=
od
Kt
frd

K

=
BJ
_lu_
[Ife)
ol
ol

7
i

20

__I_l_

&l

__O._
20

&0l 710

JNEE H|2LUARE
£8 DYl Jjdo| A
MBI 2719 ) AR O] ROIM| 2

A7l =
= 2y

M
=

St
=51}
=

3E &

PSS

2|
A= 74 5

NES-
A2 =
=

el NIRUE S

tE S8t A7 /HE=E HZHAZE & 71¢

_x_l

Hl
fir
<+

ol
=

I+
RO

©)

TR A

K

0]

I

8l

fuay
i}

o
Al

ol
B

&l

__o_”_

St0{0F

il

o

ofl”

o
110

<+

&l

|
I

ol
[
o
7ol

=
-

O eIREre| HAH o17us

oF
Ho

KO

&l

oK

8l
io

o
IH

Mo_Ho
- B
Bt

-

L~
_—
.__o 1o

Km0
3

Kl =
1o

o
nl
814

(]
o
= H
N _”_._n__u

%o bl

d

= oK

&1 Bl
o O

<+

O =Al 7=

HAFE BIIHAMNKS A=

=
=l

2 7|2 AKX oAS fEO Al

<+

K

31

O =2
O =iiel

W=

£
=]

JUET 7 U 35 93

| HE

O

k

5
24

AT} Y o177

o

I

S
=l

b

A
O R&D ¢ 7|

E93 7

kol Ul

1
[

ofu
=
X0
KO
"

W e

A
=

o

I 7|- 7|

O AlLtE|2 7|Hte] +2HY ot e

=8

70
ko

w

W e

A
=

718 EA 7|

RO
__o._._
il

— 251 —



: 5H (2017~2021)

O & A

7. 7| Ef

t

S

“IRA A QF 2 A (O

7H &=

o7

1

7t

7

?.

&l

=

o

S=E X

FALLEA| 2F A LY &0

71 2SR AL S +HS

O

% www.kaia.re.kr @21 ¥ http://rndgate.nits.go.kro| SAt

— MetEl AT EO| Bt FALIA 2 AFYHO

J4

SOIAM AHE otE|

=

t

L

of ZAHZAHLE

=0 AFHES A

i =3 A2 S540| A

4%

N

%17

K
33
X0

1l

F

EnNey
= =

=
ES

st o

CHE A7h ol 2

o|o
o3
<+
7ol
or

=
1o

o
or
BI

A

2| RAALHES Z2HA,

A
T o

Mol M5 2t

=l
=

O AIHEA

71822 HA| JHeTIst dit=

7|=7e TRMS

et

MO HAl

e

A HM Al

o] =
MM

F5t04 & Al

ol

T

o

t=

=
<0
kfo

R

1o
ol
H
ol
ol
=
%0
"r
<fu
™
Tor
=

A TN LA = M0 A Al

=2
=

ulo

ofof cif gt

!

__OE

af O

HIAl

mjn

.

ol

8l
o

HoF &

Ol XAl

e

K

<

=
o

Mo

i
O

A #H g el Mk 7|

— o
=

]|

T Al 7|

=
(=1}

O 7I¢

=5, £} RE s

i

= O
=

nd” o 7

— 2562 —



3. 24| F-3} 4] RFP

L AE ZlE N

X+ O
&

E On-Site H|

2HHE

H92%)- L 71(96.5%)-MOJ Al AR A A/H =/ Al S/ Al

x

o =

-

ol

<
o
ol

Ho
oT

o

<]

W]
ol
i
fir

<+

o
o
uare

i

_ll_
ol
X0
ol
Kq

100
o
<

ok

of
il

__o“_

Ml

i B NE/ZEIIE2

2|5

st

Z|0{oF &

&

A

ol

HEE A

- Hx7|20)

mjn

ok

thHl 60%

M

THI|7] 88 92%0|d HEEA2LE S E2

Mz

O

-,

ol
__o_l

ujo

7l oln|

|

mll
K

Al/ER|/

[=13
=

H

ASE S Of

old
83

1o

wor

o 7|1&

719 ol 2o

_E._u

Ll
%l
OH
ol

o

& A

7o

O

oa

<

o
ol

Itf S22 0] Jls=

N

S50MwWE0l HEst7 = o3 =,

)

io= XA 2A/NE/ANS 7ls

9|

= o
= #

‘35E MK K—water &

b

=
=

EEEILE

CHat AfY 50MWe Ol 127

g 24

o1y

an

&l

ol

100
o
il

409 AA 7| =

e
—

toliM el 287l=, Bt OlLHX|

W]
i
Hi
fir

<+

o]

Kio
up

o]

714

=

M o129z

o4

dotof ®

o
=

718 S

K=t

i
fr
<k

(DEL, HEC)Q| 7|

olo

— 2563 —



o

ok
ojn

HF O A
= X 10

A

=o0
T

o
b

59| EA A

=
=
O =UOIAM THUE[AHLE 7SS0l YET|9 2 15MWO|

HZE2 10~15MwEel A%

ol
=

O =l Xt &4

o
=

SEN

I

S
—

=,

[CHel 812MwW/ 712

o

o =
[ ==y I|_-|_|_
S

b 74HA

[l MA

X

M
=

—1
=

=2 50MW

[e]
2 glof, 7IZ2 44 Jlzs dZE s50Mw=2l 2E7|of

ol
=

Ol

A
=

7|

=

=1

st o=
O HRIZI7IZE= S= Xianjiaba E& A0

=

=/

15 A UXIEE 2

4

A
=

X

80

Gl

T
80

Hl

20054

—

[

ol 7ts
(KIST) =AM XHFE RoMin & FA0| A

o
=

|

e

PSS
__I.!.

8

O 3®7I71e] =&
™M=

ot

o ME/AHAE HOE S BIARIsIR L

=

0
KO
od
=
_xIl

ol
I
J1
~K
mn

<
_xIl

i
8]

3

5

AR

i 7leS AESIUSH, BEDHE2

o

=

i Z7I=2X2l FDM

E
=)

0

==
[=)

=
=

17

9|

Ul
0

Klo
=l

Al
=0

|2 A4,

kel

i
A2

A
=

St

71 4

_|

A, M 24

=IO

70
oy
=

A
=

A
=

| =A (= AH

A2

el

A
=

—

MU X ZATY BIP)

8

—

S
d

SEREE
k="
1|

— 214 2 AE|0EQ HIF
A, A= Y MA

4 O
=<
o
=22
m

=

ESMIPN:

==
PN

S
T

=}

{7t
A= Th

9
X

At
o -
TT

A
e

— 1A35tE, Mrom 2HZ0IM

O
— FHH[E O]
- AXt

o O
4

RN M

3

<

7

q

T

of

4l
Al

S
r
)

0
My

0l
el

—
od
o

~
oln
ol
It

o
S

<

Ir

I
Lo
K

o
o

~
i

7o

A
=

2xE0| 7

=<

al

A

I

o
[

AE A

-,

ol

<
N
ol

o

it

<l

ol
el

_IU_
o
X0
K0
ol
K

L3Ot e e

Hl
r

<+

— 254 —




7N &

A
=

Solild I HoE EA 7

— Stacking control (sweepl} lean)2 0| &

Hln
fr
<k

oK

Ho

ol
K4

|
il
i
mr

B
r
<+

o HIOE,

K

ol
oF

ol
B0
OH
r
70
ol
|

==

n

i
fir
<+

LAE s

=

HOAAE MOZls

- MOAILE ZW Jls 24

al
=

G MO7|=2f THE

OF!

Ok
oK

K

-

S
(hl

L AlZ

=

EZME dry/wet test

i

=
=

o %

— Dry/wet test =& 7|

1= A4

80

zl
O

ol
ko

Klo

a0
0o
Kr
Bl
oK

nill
<+

Kk

80
OH!
K4
OH

ol
ko

£
20

K
__A_l

o

L

il
zl

K
__A_l

b

Hafe] HESS =

7|2

oy
NO

Hl

i3]
oll

ol o
O AN olZalS ZHE | CjE JUS B2 HOIAF I

el

Mo
Mo

o

I

~

2y ML
tal, SH71ZE Lo Z21tE =E5H|

“10MW= O]

— AR,

e

X0
Obu
__o“_

K

TR A

K

0]

QAT|E Y

al
=

s/ Eel YA A

ol B
L

K

<+

il

K
_x_l

Klo
el

1o
ol
H
oI

Ho

= XX 2t S7

o%

FR7t

O =Liof

ol

7ol

__O._
20

I[{f
=

__I.l.

8l

O M| F A

ofu
=
<0
ko

)

ol

160
oH

of
Kk

o
=
0
40

W

Al Tool

U

ol

al

2

4
i

| & & 52

ol
K

t

O A& A

— 2560 —



o x._% ~ K ml S L|
Eow dwm oHe = =p = = w @ 55
= ol - o} E_l o3 _ .,..pA if] X0 E o0 e = ._n.u o 000 B0
- il ol 3 - = = = ~ ~ m_|_._ ﬂv.____ 5
- o= = = < 7 A - o K
= Ly = O Pl = Rl 50 ]| -
o K T N g r n & KR ® # Bl N
o K OB g o @y oz I LHE ¥
s o FTX_md  Ho@o P = L L w0 = T
oM orap EL i o_T wooomEw T s KMo
~ 53 T o 1IN A e - B -
o E 5 ggor@ tzd L Bl g 5 Roog e w
= s of W & o 4 z 0z = o Ny <R3 T
2 oo Elgr © Y = B0 @ WD I S R S o 3!
3 w3 M p R R RE Gu & L o wIW g
5 = It O I g T Rag ~oxo o am KO i Bl o Z
S T ol = o = L ol Ky — M
0 20 @ Y gomzw @oqgl At zw 4 -
} - = o SIS g ol mom g ® K ® A o ¥
= no Iy K %_._..__/lA mo od < HIA._/r._%ﬂ.W:._ 1ol . I_J_N__o B o0
0 mow 7 galy B _ma e F ke XX Eop® B % b
I o < T JIO WRO O_._._llrn._Al_TA_lL. = I_../|7 iy _
RT )% 5K op SE ] mﬂEPoMonx+o_ﬁ@cE T @ CTEE (R I
& o ~ |__+%mWI,_%Io_DEI.Lmﬂ%ﬂ%%_& ] 70~ - X o 2
Q< ~ LoElm L oz o Cumo= 2 Sm o= oy i
e ™ ~ o Mo R R mamalgTard K 5 T o 2 g
IE & ook ~ O m_wo__aomwz%uowmé.wma7o o~ tor oo o " SRR N
— Ul s o KM < o RO D_lurLupuraﬂ%A_'.r,__%_H_ma 2 _ ol o K
= H| KW & = - _+oo T Moo KRN Ny ® O S mol Ao KUl H ooz
wmAad N =~ 5 = 1 E_Aso_mﬁﬁﬂﬂ&_g@ = O gy - & U T
N m ® o5 w__&a_xﬁrmmgww%?%_m&éo_eﬁo:_oﬂ 8 x W Lx.__uoam%ﬂ__ﬂm_m
Y =) ?%ua_ek.%%_umEo_Eu.oI_MW_u%%EQMO mooo gy N Lo [ 8 ERIP
@ O_-n_ O_-n_ A @:n_ K |._A| n_ru H|_.H ol 0 = u N = = — [ = = Ir_._._ __oD — i W u
2 I S oo o T ATyoﬁyﬂmﬁa____wgéﬁm_;m._o__g_H__z R TR =
—ul N RE_EmM@.m__u._p_.TEmIMﬂEWuWNHEAErﬂ F__o_.e“_ﬂmmrm.u_ﬂ.c._ﬂ@%
o o O NS x_v)_ur.__ﬂ.km..__._uamu W oo, W T u7umﬁ._._n._..._é=o L|L|)_H_.rux|n_w: = 2
_ _A_I o =i . = ] = ol = < mnn_ .AO = = 4 K B A_.=._ o 'K __A_l o - ™~
B Iy 4,P__Hownw%W7 b__oonA_s._4)¢=_ L NB R R F_._.Er_zll
R uﬂFAT7wm_oT?%MAT_,7THHE xlﬁMﬂmE__%%Mw_m_rHW%Wo%EﬁA
S < Ko | B | o stz Eg SN BE R E W m g
ko B « <N N &N = I _ i o = — 2 < oz
ooo | ® N Bl R H ._7o_u _..,_._umu7uo_:_ﬂo_Mﬂ|m7 ,_._mvzoo“___|g_._x_u
®|©0© o o 8, % 8o T REEEI A RAR
_ P = — Al T &0
_ 'e) _ _.AJ_/ﬁ_xqum__.:._. =
ok O o o | ™
N © o
N | = o
m RO
ol | K ~
o | O ~

=g,
— 256 —

o

=

g 9 71&




L 387t Jl&

4. 34| ¥4 A RFP

2HHE

o

Hin
r

<+

Kk
<+

@

AE 2H|2f
A

A
=

H=
= o

A
==

o

o
om

100
%0

ol
K0

Kr H

=13
=

L WCHA SIAEE T

=

T EHIt

100
o
<

oK

Al

ojn

@

Jlo

8]
===
110

ok
|

20

B

o

&

(=X

to4 CH
=, FHH[EHOIE, &

=L == dH|2 Tt

o

2 E
= o

FAF

=1

gHle 7l #=

=
o

-
=

-

=
=

At 2 Al eXEETIS 28, &

gl
fir
<+

7
Klo

Ol

e

<+

o

A =2 M HHANME B2

A
T

oll
KIr

om
ujo

~a

_

][
4

o

1Ho
K

ol

<

o
oF
ol
&0
KIr
Jlo

fir
<+

10
20
_l|_
1|

i
1o
=
10

<+

O MZMHI2 HSHS AN BRE AS/EN I M

O =HHZ(EC 60193)01 7|

ol

=)ol cf

K4
zl

[e]
-

ol

fr
ol

ok

0lo

Bl

o
<fu

KIr

o
Al

K

it}

<|

ol
o

oK

KO

O A= ZHl/Zle &#&

3 A 0f

ezl 22 =2 dsAE MaEF

@

ol
o

ol
Ho

ol

O =AH

0l
xr
IH
=
Pl

A

o
<

=

|
or

A MEHLA L MEZzQ =mUiel &&=t

100
lHo
<

Wl RAZIAHEFE A2, MA 10t +=HLE ZHIS

!
5709 &H|o| d5EIIE dAl

=

k=1

tAYE

X
(i)

=z

— EPFL, LMH) MAXE2S=Z Of

K
<+

T
[m]

ok

ujo
mh

=
I

Ql
=

)
=

0

el

S

J

ol
I

@

Jlo

+0.2% O|Lf
— MHyLab)

o

X
1o

ol
il

0
o
0

of 443 Mujof fst 97 U

e

ol
%

N
A

=
[ Ne)

|.O:| AM

°

o

[

a

o4 2o 7HE EAOIM £

o

o
— 257 —

+0.25% O|L{

| -

[

g3
— TURBOINSTITUT) Z|&A 2F HA




(o]}
=
ol
=

E3 NES

+0.25% O|LH
+0.45% O|LH

EHAE

—

—

—

[

S8
— IWHR) £Z7AHTA0M ESAE, HEEOMASE, 27

=2T
hel 7l «+=2 olal += AH[S] |

9

O

Ml
]
ol
K0

Ma Jls 29, AEMuo IAE FAMHQ 502 X2 A

o
KO

KO
KIr

m
Hin

oll
Ko

00
Rr

1o
ol

ojn
I
0

-

00

S o3 =0

LM E FLSHA K—waterOf A

=
[

S 98t MsAE |

Bl
10
20

<+
pull

H

Al &H|2l

5

A=
—

I

20139 &

ol
ot
=

—
[[[e]

==

<+

ol
!

|0
X0
1O
o
E_E
o}
X0
od
E
i

ELl
<

Klo

-1

al >
S = |

P

7

o
458

Y 43t
7tel el @H oE=t B

2

3

S
—

T 7WdZ *fell CFDE &8

b

e
==

K0

=

°

oA 2+
M K—water= §2F

—

=)

a

(IEC

[s

=
[N

HOFSHH,

0

KM= =A 7|
27

o]

71 €

I

=]
[

+0.5% olUiel dsAIEaH]

Zl=0] JHeE A7 gls

ol
RO

<
A1
ot
g

—r
Ife)

7t 7l

O

dlo
20
w|

==

i
Al

zl
il

of

]

il
<

I
l

@

o

— |IEC 600412 7I&

1ol

fEf BIF S/W TR

Klo
R

o

- Aglt CFD 4587t 22E &

= N

=

— |IEC 60193 7|&

- RYRR A,
- 2% Sxfet

-,

ol

ol

KH
M

<+

il

1l
o
__OH_

=
T

oI 0],

I

A

AII(

e
—

=]
M

|
— 2568 —

kol 7|
SR BAL/MIQL

|

=




O 2H Test—rig & 44 %

N

A
=

HEhA SlAEEE 7

al
=

Lz HIt

o

m]

s

e 23l 248 oA F7|

H

OH!

HI APZLARE],

S|
=

771 H AH[EA

=

T

ol gHIE e

I
[

b1 he

H

, 289 87t 7

o
Rr
ol
K0

I

7P71HE xge

g
-

gr
=

7

=]
=

A2
g

PEPS|
=0o

T J|"b O At

k=3
T

= N

Cf O Ef 2|

PHE OFH

Hi

H

A=

=
j—

KIr

-,

ol

oa

<

_

o

K4
Jjo

0

~N

<0

e

A
=

I
20

Kl
__A_v

Test—rig

=]
=

gdsA

.

ur
K4

Kl
__A_v

@

0

i

o
Ujo

=

7l
=

nA

O Eb M=Z A0 A W&

g

718 &8 =2

5

o
|3 REE B

o
EQ

@

1Y)

Al

ol
1

i[d]
%l

KJ
mF

ok

i

==

Klo

M E-ol

O 2" 44,

TR A

K

0

=R
=1

t

S

H A==

A
=

7t 7]

ol

ol
mjn

suF

17

=

Sl
= O

A A& =HH X2

oA
T

off 2

O

ol

mll
<+
o
o

Tl
%0
Bl

o]
&r

=

K

- ™2 HERR T

. S
=

Al_l.

O =uUe

of
Kk

— 259 —



of

o

=t
3= =

o
s

OlM A2

—

“ T4 H 942 T4 (0]

oLt 28
of L L}

H

S

T

F

__I.!.
SJ0| At

FALLER| 2f ALY E0] SFEX|
o4 dF=0f A4

FAZELN
FAl 24
2A

[

57

o

EN
£

o

|
|

[=1
o

[l

i =3 M &

: 54 (2017~2021)

T8Ol EF A

=13
=

H

7

__l_l.

8

CHE 70 2o

A

ol A
¥ www.kaia.re.kr @2IF &, http://rndgate.nits.go.kre| |SAIIMESE &X

(=

|

O Wi~ M Z2F X
N

272+ o

O & A

7. 71 Eb

il a S U] Wl 5o o 30

CTR N W ol U = B o oK
_ FEm o < o - W =
L N i B o ol o
SR U Y w_w REH Moo M=
oo oo L xm g <k Ry
o R H N =T T 0 —ar s o, o
oo oF Mgy = P ~ @ m®gg o =
ol H on & = I K =" T N = hs
T ] = =
h—gd 3P O m NN < % B8
T IS S N S = =
R =® W 5 o R R MRy U
S I L | 1+
= i L e gl LH = Mo - u
B 8la g =Rz Wk R Yog o owm O
— ™ P Ewm o W o, oo W9
Lz0 I o oo O o oll ) o W
M 3 <" x <Nl D 2 H = i = | = H
Q = H = T - O il M- g ol i
— 10 oK K o] T R X <0 — N =1 =T :
= o _ 5 X W s m < 9
= 0o s <0 ko H X = H0 - < >
= 0jo = = =] 70 o KI Hw
g W= o gy oy Lok B RO = K ol @l M
i 7o SR S 9 E g
0 o ® T+ - e 0= S XX X @wns
o3 %%m@&@ﬁ@ﬁrﬁ = - OF ﬂﬂ.ﬂgo_._._ K
= o e Ty o W e M
A_l = ol w_ % A_l ~ ol 8l =r ~a ol = - Al_
o MR RON N K o1 " zl W o X m X _ o OH
iolll W = ™ I 2] o o t Il - B = OH A na
L.—_I K an_ __o_._._ - - _|__O - mnl_ < X 3 __o__._ ~N —_ _UT_ 0
SHrgp Ty S N [ETRT _
1 - = X = T0 10 I S 1
— = i < ol il
o_au_lmr.Mx_u%Er%_Mlﬁu W%E@W.sM@E%Q%
s NEST WD gl ook M KNS S REHN T
EW%MWNHHE,M%%Q Eu_ﬁ%__ﬁ_xm_#__o?%?
L < ~ — T -n — = o —_ —_
nete3 @ w, gl iugsu P
=G+ R HR IR A =mBd g x oI UMW
= TEW RS _AVIgmuIASN - o
N 8 N OF ERLECE - W3 AW E@m T 3l
| m.__ X_mn_o_ B _Hﬁ_xqum_.r._ ~
O O O O O O

7t #H Jts

=
_l_

Ela
— 260 —

=

=

=~
=

3" 9 7




B oty s

o

H2
>
I
ou

[C2lie)!

oo |VATAD TS0 Sad o Zay
T 1m |@FEDS RADIYHI} ALY S
229000 | 51 oty
O SR =8 W 2ofd SHLHC
A, gaty, Foly
@du=E I YUK E 459 FHY
EFEy
'——_FL7H':IIEI-9‘ Q®RFP2}to =shA
T O
NS |#ARBEIN AP @ pwge
< ML Ol ASHII=EN” HIIEZE0
HES 108 71222 HE (s 7t
AFH|)
@OALNHL S 2Hd: F HeIsd
AN - ; = -
= == =X &2k 4l BH =X o| stg|Ad
Sir o |(DFTEH U A FHAA S 2
ANSH HpeH
oo? ©F |omTsmue ey
o1z | OEBYCIS HEY o TAY
Sl (o) | @NE7IES EAA TRl F At o
° o=g3 3)
cmay  |OETHARS ARLHBISH U
C(10) BHEOF HPHE _
@A ToE HFY U HEY
PTOE StloenyulAg BE U 229 MEY
2 ol |
H Aol sta|M|@H 70 L] A AEE# 2 7T 7o)
(10 gtz
78 =

— 261 —




N

vl
!

3

o
=

2. 714

- =~ = —
my = ok odwek XL |
= TE B Nk my o jor |y oWvo Rl o ,
o, O mRDS Xomp | || = < o= o [0
0 K o Ho A2 K = = NS G = o= o B[N
U X ~a o < I s = ok ALl STTS) Klo — -
o N & Kio > Ko =l 1 il 2 RN = = o3
B =) R Zl = <0 ol Z 3 o A
2 o swygs LU = o= |& nER I K|S
Lo ook & ar O = 5 |5 T |E o8 |
o|__x., Mrm o 4|__7|._ Rl R0 o I_Am © o Bl el W_._._ Tl oF =|._._m = o
ook Tl = |& | ol oh g AR § R
M ez o U R M or =) — |t |5 el x
z o SR L) A N A b Moy T o|m o |A o Bm B
= o RO = R0 B |y _ = @ |3 U35 K S H RO 2 RO O 7o go O
L SIHB L o Mol B %%@. o TS T aaT
mo RO RU MU ol = H 1 T Mg Rk |2 Bl - K R ogn|2 - &0 o
= <d N Rl = .ﬁw_m.Au o3 [ oll = __Io.__._.T_ o= &l ~a
RU gy M N pp O 23 |z SRWE = @@ g B> -
¢ = monmn e (R o o~ || < o & 70 &\ Ko &I oF
ST <sELR gon | ~orn ¥ g B SR o "
oo | — M m_.Tm.%:' ® %0 ar ROJRL I mﬂmlmu:_._u = | %0 m 0 J
Fg= _sgsd ot | |l F33 =~ |2 R gl @0 ROjm <F o i o3
= <0 _l_l ok Ka by ) RO — W = = uf — o |__|_ _l_l i} .
Qo T T T R - IR0 5 |pormn|Ss ROoFTm < i oF o o S
s SR 5T EmEsr 2R m® wX el |5 R &
Tou T H L= & T (MR | m Wy B E R R K ~
N AR g &l = el _A._o_u.Zlm.__A m | R 2ok o oy
Y = =0 o el 0 (AL AL <l — o | o
B = éU;f./m:éWﬁ__ g W= & ~ o | o M g N T oF & KO
o (=3 R o ROOEO AT ol K o ﬂlﬂ:n|5+lxo§__o o KO
0~ w_nmmEmom_uynw_m_/mm ZEop |52 M_JmaxoWﬁ4ﬂol_ RO =)
m K Mmﬂ_‘._&w_uuﬂﬁn%wnamu( e oljof N Ho_AM|W||Mol o | o e —
ujo of :u_._.:oém|_m|:u$.2m__ﬁ 5 RS g H?mroomp_xnmoﬂﬁme____laﬁoo_eﬂ Wa o o_.m_
= % 01 B or = o <9 = B[ R = = e = N =< RO =
o %mulu_wm_o_m_m%wffﬁ@m_mzvoam_ R AR g L
B fmeH.IEATOTl_% zilsr O o T m__e_e.%m_um_rmaue Bl R E.___o_%o_.o_m:o_.l_._.
®w gl Bl oF K- B0 o & o — |71 M| < Eou:mrz_1ﬂmm =un|"® 5|0l & o A of mo 2 o
- EoIJIu__olL_AEMo__o_.Im_u =_._77_m_uzo Mo _uzxm_.T%__oTH_.m._ﬂu_n_, R Yt
=N Fl_mwfo_4oh|L|mL|WHI2L7||o_EZ__OmmJ.rmumﬂn B ORI R RO KE
T ﬂu..AluL_:.,._.Aﬂn _1[_07uLu7H.Aumn| WMoL@Ll_A._|| ﬁﬂo:|7|__om.0|:|_|_o||r
ol de_nl__x_“_dLl Moo = = _|=F S o-|F fl ~ = N _Aoﬁm.._Jlowl m..____o_nTI
nwgwga@ggéw%ogmpow&Liwwg%waxgﬁggagwgmmg@
HDERDED @2 T e & R my ROy o = NS |, Ko RO Z ol HEE =T K1 ogn M ==
= _monql__A_. g i 4%%.7E_o.| K @l < _KF ~
JBWENE%:.:._%_WZ%@ 3__%_3&37%%1EoA._._:FHA._m_mum_ x_.xmo__olom@l
_¢72_£m._,m\._ﬂ_H_x_..xr_”_o_.z_ﬂo:._:.: o Mo_m_xsfoo__%ﬁ._qua W = @ﬁo%ﬁow_
o L I =l M ol &0 |rd | o IH = of | = Ly e
o ° o IRy OB RN IR OB @r_; ﬁo % E ol | Ok o] = @ T ol ~ _A/n_ _A/|_ °” =
o o ol I~ W o3l Rl R AN Ko Ko klo = ™
A o ° <l N8 KE| =T fo Ko Ko <1 3T
=) ° o Coo o Ko ~
uy = ° o o I [ ~
IH = g TR0 o W 2 i _ - °°
- I_.m _/._u T o <+ R_/I — m._ KO 1= S - .M_u w0 RO
AL A= 2 gu ~ H = oF gu|B F ™
m N RN K w| B =) & RO B0 Ru|yy W
= I ap®  |(RYNuE +
Y mﬁ ol < Rid=) N ol o | = Bl o
_ H ~ Bl ﬁmﬂ - Hlgr & o =
' Bl | &
N B0

— 262 —



M U ot
fay ﬂ_ﬂ.‘_
2R =
= 0 3 %0
™~ ™ ,_.Au_uu_ﬁﬂmw
RO il o b=
< o O_H_m‘._m_.._
o = s
G 0
o @ il ~ol g
_ T Wi < NN
< oo = |- "0 1ol ™
o wn IF s Mn_H_._@
— B! o | Te =
o © i el nf oF St
— — R ot 3]
ol Bl mcm KM T
— = 2 ol 0| wm
o oo ﬂw_./u ﬂﬁﬁ._‘_ﬂm
Bl e R i
W ~ Bl Wmﬂ — &l 2o
0l vl &= . =2
)R K
Mm ._.__“_W_._‘m.ﬂn 71%%
oo T I I e
o K < ° oaq
| o= ~ | W | — m & g
T Saop I BBy
Ui ot B Pl
HT__o._mm_.m M_u W s 3
_ — 4 oo KB ol
o & do I < |gf M ow AU
ol OF o B 5% _
~ 7 F = Tt w S m
R s m e Bgmk o
_|A.n _HT_ ﬂu_.n_ _#I H _.AT M Wmuuln_ mmuu_ Toil”
S = ® _ My
- T mlzal
—t T =l L|_
BRsE + rREg®
Twwoog 0 [Pzl W
S 7 A N I S
T8 # K © & OF M
Ik N 5 Moy oy RO WO
mnn_u_:_uﬁo m||_n4u_|_|_a.o|._0|_
2= MR
Ko N Lo T | PR
O o O O
ol —— &
s 9l o
_ETom
il d| M_._Wo.r.ﬁ_/ m)
IO —_
r+ ot w N
ﬁ?%ﬂ

— 263 —



N

T8 A o] At AL

aEsd

TR AIE o E

o] H.IAE=
Ut

1.

b

5|
pal

o A A%

g,

3. w7Hsr) e 7

ol gyt

hxa
=)

]l 3

ISBN 979-11-87701-00-2



