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PRACE INSTYTUTU MASZYN PRZEPŁYWOWYCH
Zeyt 9o-9l

MARIAN HOFFMANN

\{inistelstwo Górnictwa i EneTg€tyki, Warsawa (Ministry of Mining and Power §upply Indu§try, wafMw)

Present State and Prospects of Development of Water-Power
Engineering in Poland with §pecial Regard Paid to Demand

for water Turbines

": :.:D€r deals with the present state of water power plants in Poland against the background
.]]i , : ]_ ,} ater-power re§ourc€§ of rivers and the possibility of development of water-power engineering

" , j .,.": ]00]. Next, an analysis was made ol'the types and quantities of water turbines necessary for
, ] . , : ::,, elopment of water power plants in Poland.

1. Introduction

*:":,::J31 
water-power resources of the Polish rivers are small and amount

_ :\\'h a [1], supplemented by about 1.2 TWh/a within thę so-called small
" :, ier. These low ręsources result from the predominance,of lowlands in our

;:ich do not create natural conditions for obtaining high heads. Relatively
:::::;itation (annual average about 600 mm) causes that our rivers are not

, , ] ]l-: :: §,ater, The latter feature is deteriorated by insufficient volume of large
"_: :.r.F,oirs which, if suitably deveioped, could permit better utilization of

' .-,.I,jters,
: -- ::her hand, the basic sources in thę national electric power system are

l "-:: :_::irnal powęr stations fired with hard and brown coal. These power
: -:; itted with large power units with stęam turbines characterized by
, :._.:rility. This controllability deficiency of the basic source of electric,|l,,] - ,:: electric power system will be deepened by the nuclear power plants
" . _..n be included in the national system. In contradistinctlon to the

],LL , ,_, :" ;,:: plants, water turbine sets.are the most elastic sources of electric
li",ll] "^: r::erized at the same time by very high efiiciency and availability whictr
l1 , .,l:,"* ]ę] :n detail by the author in a paper presented at Hydroforum'73 |2f,, .:]::". irends in development of the Poiish water power engineering can

.*,*,-; j .s follows:
f : : __: arm at the quickest utilization of national water-power resources

lll] ,_rĘ: ; -l*łmally relieve the fuel balance by as large as poqsible production of
llllll|lllLu1]]|: l|fi;:.:]: energy derived from water power plants which do not put a burden

ł]lllll] ]:lil, :,.r -;:e_ :lr.,ironment.
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- The water power plant§ should be as far a§ po§§ible of peak character and should
act a§ regulation/intervention power plants and thus produce the most valuable
type of electric energy.
_. Since thę dernand of the national electric power system for the above męntioned
types of power and ęlectric energy cannot be covered by even the most intensivę
development of water-power plants which opęrate on natural water supply, a planned
and consequent extension of pumped_storage power plants [3] becomes necessary,

Pasing on the research and design work carried out up to the present, the
possibilities of development of the Polish water power generating industry will
be presented, including the divisi<ln into four characteristic groups of hydro-plants
which already exist and which will be completed up to the yeat 20ż0,

2. Present §tate of Water Power §upply Industry in Foland

At the end of 1984, l il nya.o-"tectric plants (in abridged form HEP), of total
installed power 2008 MW, were operating in the professional power supply industry.
Their total prodirction in that year was 3352 GWh, of which 2107 GWh came from
pumped water. Consumption for own needs amounted to 0.90 per cent of gross

output. As related to the total installed power in the national powęr plants - both
professional and industrial - the participation of HEP amounted to 6.96 per cent,

whereas with respect to the annual gro§§ output the HEP geneiated 2.49 per cent of
electric energy produced in this country. For documenting the'economic advantages
of HEP, a few indices obtained in 1984 are brought forward.

The average'cost of producing 1 MWh in HEP amounted to 77.8 per cent of
1 MWh cost in thermal power plants; anó for HEP Włocławek this ratio had the

lowest v&lue, namely 16.5 p"r o"ni. Average employment in HEP was 0.8 worker[VlW,
whereas in the thermal power plants - 2.I worker/MW. The ratio of mean ava-
ilable power of December to the installed power in thermal powęr plants was 81.4

per cent, whereas in hydro-electric plants it was 96.8 per cent.

Polish public utility hydro-electric plants can be divided into three power group§,

as shown in Table 1 [4] below.
The total number of turbines installed in the public utility hydro-electńc plants

is 264; these are 167 turbines of Franci§ type including 12 larye reversible unitĘ
and 97 Kaplan turbines. The oldest aĘd still operative is a Francis turbine built in
1898 in the §truga hydro-electric plant, of 250 kW power at 14 m head, manufactured
in 1898 by the Schichau works in Elbląg. 158 turbines were installed before 1930, so

they have beęn working for over 55 years.

For comparison, we present the participatton oI hyoro-etectnc plants in the total
power installed in,the system in Poland and in other socialist countries: Romania
Żz.l p"rcent, BulgariażÓ.ąper cent, Czechoslovakia l5.0 per cent, USSR (connected

systems of the south) 9.3 per cent, German Demócratic Republic 7.7 per cent, Poland
6.9 per cent and Hungarr0.8 per cent.
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-, .] :ńer'i;' charactęrize plants whiah flr§ opereting {iiit§ide ttle public utillties.i "':ś :]e proRounced fiiajority are plant§ in whiełr tłre productjon facilities srrch
-- 

"]--1:rns 
ioll§, sa§ymill frame §awi*g maehine§" §tc. are elriven clirełtly by rłłter

-" :\ -,-: lt is estirnated that at present abCIut 150 of §uch plent§ are opęr&ting;
-'- : . :i]e:] are 3fi plants in which the ,"vhol* or B part of the turbine powęr i§
-lłf ] " : irciuctton of the elęctric energy.

3, Possibil§ties of §evel$prmffit of r#ater_Power Engineering
in Fllland up to th€ Y,egr ż$2a

3.1. Prelintimary nemarks

: - j.. be realized that a signilicant nun,lber of new hydro-electric plants will
']]rfl :.:-_;i:ć v;hilę building multi-purpo§e water reservoir§ or §tage§ of fall on
' ,,l'1". l-,-'ll]-J by the need§ of the general water econornics of the country. In tlttręr
łl ,",i; ],ć :,.:ilcing of the majority tlf new hydro-electric plant§ (apart from pumped-
,]1 --,j,: :,:;3r stations which will bę built purely for energy productiCIn rea§ons)
llt. g"]li'-,,; rn building plans of basic watęr ocononrics objects, and therefore it is
,;ilti]Srt:l* ' :.:ermine at present the time of completion of the§e hydro-electric plants.
:l] ,]] :l§:-:.,r:--e of this fact, in the ccnsiderations below, the hydro_electric plants

łł'|"]iiiniil: :::"i: _::obably will be built up to about the year 2020 will be discussed, and
]]|]LLil i**l§:lii::ls x,ill be based on the hitherto carried out research and design work
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both within the scope of power engineerinB and water economics departments.
Development of hydro_electric plants wilt be consideręd with the division into the
following groups:

A. Hydro-electńc plants at low-head stage§ of fall on larger rivers.
B. Low-head hydro-electńc plants at multi-purpose reservoirs.
C. §mall hydro-electric plants.
D. Pumped-storage power stations.

3.2. Hydro+lectric plants at low-head stages of fall on lrrger rivers

With reference to these hydro-electric plants it should be stressed that the group
gncompasses basically hydro_electric plants on the Vistula and Odra rivers and

possibly on the Narew and Bug. rivers, provided that such stages are to be built
during the time under consideration. Hydro-electric plants of this group are charac-

terized by relatively large annual production which may be of significance in the

national fuel and onergy balance. The prirrcipal aim as regards these hydro-electric
plants should be their implementation in the form of compact'cascades with the

power plants in the cascade started and śtopped simultaneously. Owing to the above
it will be possible to increase the installed power of the lrydro-electric plants and,

at the same time, to increase their peak character to such an extent that all the

hydro-electric plants of a given compact cascade will constitute, so to say, a Large

peak power plant centrally controlled depending on temporary needs of the system. '

The cascade may have flow equal to zero, in which case the first stage reservoir

accumulates watęr flowing into the cascade while from the lower balancing stage

a quantity of water determined by the. water right is discharged. ,

Among the objects of this group the hydro-electric plants on the Lower Vistula
cascade [5;6] are the most important ones. Considering the production capacities
exceeding 4000 GWh/a (saving 2.5 million tons of power coal per year) the Lower
Vistula cascade should be an interdepartmental investment project carried into e'ffect

consistently and according to the plan. This was many times postuiated by the

government department of the power industry and the scientific and technical as-

sociations, and recently this proposal was placed among the postulates of the 20th

Congress of Polish Tęchnicians [7]. In Ęebruary 1979 the Presidium of the Cabinet
ordered the department of power industiy to build the whole Lower Vistula cascade

The department set ińmediately about building the second stage of this cascade

including a power plant. The object, which was the second after Włocławek, was

located in Cńchocinek. At the beginning of the eighties the work was stopped due to

economic difliculties. It is expected that the whole Lower Vistula cascade togetlrer

with the existing Włocławek stage will comprise 8 stiges, and their total power will
amount to about 1400 MW. The power ptants of this cagcade will be equipped with

6 bulb turbine sets each, with the power ranging from about 23 to 38 MW and the

turbine runners will have a diameter of 6+7 m. The approximate characteristics of .

hydro-electric plants of the Lower Vistula cascade are specified in Table 2.

I

L
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Table 2

Approximate technical data of hydro-electric plants on the Lower Vistula cascade

\ame of plant

Statical
head

Im]

Total
power

tMw]

Annual
output
[Gwh]

Quantity
of turbi-
ne set§

Ipcs]

Building
order

Remarks

Ę'lszogród 8.0 164 420 6 V (or VI) Building dependent .on the
cornpleting of tbe §cwage
treatmęnt plant for Warsaw

Plmk 6.5 l31 350 6 III

łlocławek 11,3 160 ó50 6 I Existing

clechocinek 8.5 163 4,15 6 II Building interrupted

Sclec Kujawski ,1.8 t9ż 530 § Iv

CbeŁnno 8.0 160 502 6 V'(or YI)

Ęalenie l0.0 2u 660 ó WI

Tczew 9.0 23o 683 6 vIIt

Total 72.1 l4l0 427o 48

On the Upper Vistula a cascade of navigation §tages i§ under con§tru§tion and
;he first newly built power plant§ in this ca§cade (apart from two existing ones)
shoulcl be: a 5 MW power plant at the cxisting Łączany stage, and a 3 MW power
plant at the Niepołomice stage. Thę new hydro-electric plants on the Upper Vistula
;ascadę should be also equippęd with tubular turbine §et§ of 1+3 MW power;
ihe turbine runnęr§ will have cliameters of 2.5+3.5 m.

The same type of power plant should be built at the modernized navigation
stages on the Odra river and at the subsequent stage§ of the Odra waterway, of
which the lrrst to be btrilt will be the stage at Malczyce. A power plań of 6.5 MW
s being designed for this stage.

3.3. Low-beed hydro-electric plants at multi-purpose storrge reservoirs

For hydro-electric plants of this group an important recommendation is to
increase the installed power of such p€ak power stations in places where there exists
a possibility for building below §urge rę§ervoirs. Furthermore (if the head is suf_
iciently high and the capacity of the surge re§ervoir permits) - to install a pump
,;nit in the power plants with a compen§ating power plant to be installed at §urge

-servoir dam. A. classical example of such a §y§tern are the Czorsztyn and Sromowce
Ę'r-zne Hydro-Electric Plants on the, Dunajec river, which are now under con§truc.
:r,on. In the Czorsztyn Hydro-Electric Plant, for the first time iń Poland, two rever-
s,błe Deńaz turbines, each of 45 M,W power, will be installed.
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There are but a few location§ in our eountry wherę large muiti-purpo§e §torage
reservoirs will be rnadę at which peak power planfs of system type might be installed.
In the Vistula rivęr basin thesę ąre Nielvistka and Krasiczyn on thę San river and
Jazowsko or Tylmanowa on the Dunajec riveą whereas in the Odra river basin, the
reservoir Wielki Wrzeszczyn or Pilichowice II on the Bóbr r"lver. All the remaining
mułti-punpose reserveiirs which should be built in our country in order to provide
a suitable amount of watęr for rnunicipalities and indrtstry - will allow installing
power plants with power outprtt§ not exceeding 20 MW, aRd in majority of cases
thesę will be low power plants with orrtputs no higirer than 5 MW.

Larger power plants in this group, in which the pump unit can be used, will be
equipped with 2-+3 reversible turbines of Francis or Deriaa type, depending on the
head which can bę obtaine<t. Power output§ elf these turbines will rang* from a dclzerr
or so to several dozens of Mw.

3.4. §młl! hydro-elcctric plsnt§ [7§l

In consequence of recommendations of resolution No t9ź/81 of the Council of
Ministęrs dated 7th September, 1981, on devolopmeut of small water powbr plants,
a specilication was worked out of small hydro-electric plants - of output not exceeding

5000 kW --- in the respective provinces that could be commissioned vyithin the period
2CI0$-ż020, based on the existing dams or those built for othcr than energy production
purpo§e§ [9]. The above specifllcations comprise 1026 plants of total power outpilt
óf 205 MlV and annual output on the order of nearly 10CI0 GlWh. It is assumęd that
these srnall hydro-electric plants will be built by investors of 3 ecłrnor*tic sectors,
i.e. the §tate, co-opęrative and private sęctors.

, §tructures and implenrentation of the complete electromechanical equipment
needed for thęse hydrąelectric plants have been developed within the governmental
resęarch and development program PR.-8 [10j.

At present there are tens of snnall hydro-electric plants trndęr, constrłrction, and
a significłnt numbgr of thern nrakes use of Francis tlrrbines left thęre from former
mills, sawmills ancl factory power stations.

3-5. Pumped_storsg€ power plank [2"3,7,11]

As it has been already,mentioned in the introductioll, & consequcnt and planned
building of pumped-storage power plants is a necessity ańsing from a need for
ensuring 

"safe 
and correct operation of ttre whole national ęlectric power system

as well ąs economical and complying with international agreement§ exclmnge of
€nergy with neighbouring countries, and especially in the prospeet of connectlng
Poland's ołvn nuclear power stations to the §ystem in the nearęst future. In order to
correctly plan the deveiopment of the dornestic productive base. one has to'take
into account also the dynamic properties of the system such as its ad_iusta'oility,
suitable qtlantity of intervention power and permaneRt warranty of quality of the
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:,;,, supphed. To meet these requirements, the sy§tem should have a relatively
i- !:are - of the order of I0_12oń - in the peak power of the'pumped-storage
, :: statioll§, and a certain part of these stations should be outside the "static

'. 

-; , :alance of the system" §uch as e,g. the pumped-storage power plant Dinorwic
:::_:nd. In modern electric power systems purnped-storage power stations are

- : ; :rrantor's of safe and correct operation of these §y§tems.
l,:.:: lIom the three existing pumped-§torage power plants there is the Młoty
: ł. \IW Power Plant under constructionn its building, howevern having been

, :..:.:;J for several years. It is anticipated that this power plant will be put into
",:-l] ]] in L994. Reversible Francis turbines with runners of 4375 mm diarneter,
", --.:; speed of 333.3 s-1 will be installed there. The maximum net head in the

: :: :,5ration will bę 270.50 m. The above turbines together with ball valves
::_:: :;ameter 3200) witrl be imported within the scope of Częchosiovak-Japanese

," :Ę:::]On,
, ::3sent the problern of selection of the sequence of constructing the next, - _;}-11l Lrlę Pt(,UlEItt (Jl §§l§ULIUrr Ul tltę §ęqu§Iruę UI L:ou§tru§trng lfię nęxl

*:Ę:-i:orage power stations is studięd, with the following power stations taken
. . - ,.leration:

' ,;.s',ka of power up to 1000 MW with the lower reservoir on the San river;
" : _.].,, ol power on the order of 1000 MW for which the Vistula Lagoon will
: : ] ]ń i: ręServolr;

.^,ź :; 1500 MW power with the lower,reservoir on the Dunajec river below
:- ,:, :his power plant will probably operate in the weekly compensation cycle;

i ., : -. :,i I] of 750 MW power for which the existing reservoir of the Rożnów
" :, ] :-] on the Dunajec river will constitute the lower reservoir;
: ,]:-:-,iice II of power on the ordęr of 700 MW, on the Bóbr river.-l: ;.-:l;e rvill depend on constnrctional, hydrotechnical and also system con-

4. Preferred Types and Designs of Water Turbines

_: :c concluded based on the above considerations which types of water
.,,: ;:ost suitable for the conditions in Poland and should be given special

: -: :olh the research and development work and in the pre-design studies.
j " ::-,'blem connected concerns the scope of production of individual turbine

-.: lomestic industry.
- _ :.:rbines are the most important group ol Watęr turbines necessary for
-: -," j]il-€lectric plants. They should be considęręd in two sub-groups, namely,]

L, ,ll, ",, : .*::ines for stages on the Vistula and Odra rivers, and tubular turbines
,*, ; .::l power plants. As regards bulb turbines for the Lower Vistula cascade,

|ll ]]l]::,-: l,: .:.:: of this cascade is 42 pieces, it should be borne in minci that within
]l . :,t ; : ::eparations for building the hydro-electric plant in Ciechocirrek, steps
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have been taken in order to start production of turbines in thę ZAMECH Mechanical
Works in Elbląg, in co-operation with a consortium of foreign firms, whereas produc-
tion of generators for these turbines has been offered by DOLMEL in Wrocław. The
remaining low-head stages on the Upper Vistula and Odra ńvers will be equipped
wltn tuDuEr turDmes"ol 3+-l+ m crameter, the number of which within the prospect
considered here is estimated to be about 20 pcs. Turbinó se$ for these hydro-electric
plants should also be manufactured in the above mentioned works. To ensure a pcs-
sibly correct and fast implementation and operation of thi§ type of turbine sets one
should postulate construction of the first power plants at the existing water stage§, e.g;

at theŁączany weir on thę Upper Vistula. For this power plant the first turbine sets

this type, which will be of middle size, should be manufactured.
Tubular turbines for small water power plants are manufactured at the

Industry Repair Works in Gdańsk. It has been assumed based on [10] that the a

- vertical tubular turbines, type Z,

-- vertical, bell type turbines with open inflow.
For very low heads of the order of 1.5-:4.0 m "Energoprojekt" has worked

a design for installing bell turbines in concrete siphon pits.
For larger rnedium-head hydro-electric plants up to about 25 m head, K

turbines will be installed, whereas in places where it is nęcessary to use'pump
with heads over 30 m - reversible Deriaz turbines or reversible Francis turbines
be used. It is assumed that the demand for this type of turbines in the periocl
sidęred will amount to a dozen or so machines. For small water power plants t

DOZAMET works produce vertical Kaplan turbines for open pits łvith runner d
ters from t 550 to 2300 mm. These turbines for very low heads can be installed
siphon pits.

Application of imported reversible Francis turbines has been adopted in
pumped-storage power stations based on very good operation experience gai
in power plant§ at Solina, Żydowo, Żamowiec and Porąbka-Żar. Most likely in
considered period the demand for these turbines, including the power plant at M
will arnount to 15 sets.

For the smallest installed powers in small hydro-electric plants - from a few
several dozen kW, i.e, such where the problem of turbine efflciency is not taken
account - a seńes of 5 sizes of cross-flow turbines also called Banki-Michell turbi
has been worked out in our country. Turbines of this type are manufactured by
Power Industry Repair Works in Gdańsk.

Governors for small water turbines are made in two verslons, namety
-hydraulie by the Industrial Automatics Works in Ostrów Wielkopolski, and
-hydraulic - by the Institute of Autom'atics of Energy Systems in Gdarisk
-operation with the Power Industry Repair Works in Gdańsk.

Concltiding these considęrations - attention should also be paid to the
of extending scientilic - research work cqncerning:

-- solutions and operation of tubular turbines,
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- -',estigations of rever§ible turbines, especially within the scope of problems
. :,-_:,cted with fatigue effects in selected elements of machines,
, 

' orking out an<l irnpiernenting in the turbine design and construction offices
* ],:.3 methods of cornputer-aided design,

.:alr,sis of thę nece§§ary scope of modernizing those hydio-electric plants in
\:],- -]:e rłhich have beęn working for over 50 years.

References

ł Hoffmann, M. Hoffmanm, Kataster technicznych zasobów sił woilnych w Polsce: opracowanie
:_. Polskiego Komitetu Światowej Konferencji Energetycznej (Cadastrai survey of technicat water
:-:curc€s in Poland - worked out for the Polish Committee of the World Energy Conference).
:BSiPBW'HYDROPROJEKT" Warszawa 1961.
\{. Hoffmann, Wplyw rozwiązań kanstrukcy,jnych i wykonawstwa turbin wodnych na ich ilyspozycyj-
-:śĆ ruchową (Influence ofstructural solutions and execution ofwater turbines on their operation
:, ailability). Prace IMP, no 67-68, l975.
\{. Hoffmann, Elektrolvnie pompowe w krajowym syslemie elektraenergetycznym (Pumped-storage
:.r*,er stations in the polish electric power system). General report in the materials of the conferenee of
::e Assor:iation of the Polish Electrical Engineers on Purnped-storage power stations, Kosza|in 1970,
\{, Hoffmann, Elektrownie woilne w krajowym systemie elektroenergetycznym w powiązaniu
: programem lłlsła" {Hydto plants in the Polish electric power system in connection with the
'\':stula program"). Przegląd Elektrotechniczny no 1, l981,
\{, Hoffmann, Kaskaila Dolnej Wsly jako najbałilziej wielozadaniowa inwestycja w gospodarce
:.;lodowej Polsłi (The Lower Vistula cascade as the most multipurpose investment in the national
].L)nomy in Poland). General report in the proceedings of a conlerence of the Association of the
P:_sh Electrical Engineers, Tclruń Division, Toruń 1978.
i Falbą B. Rudnicki, Ekonomiczne problemy regulacji mocy w krajowym systełnie elektroenerge.
.::r.int (Economic problems of power regulation in thę Polish electric power system). Biuletyn

::_.:spu Techniczno-Ekonomicznego i BHP w Energetyce, no 3/4, 1983.

'. ]' j - XX Kongres Techników Polskich ,,Uchwała i wntosxl tt Zespolu Problemowego Energta-
,!i-:l'o-Surowce" Chief Technlcal Organization - 20th Uongre§s of the Polish Technicians:
i:l:.:lion and Conclusions of the II Topical Section "Energy-Fucls-Raw Mateńals"), October 1982.
',l H.'ffmann, Padstawowe założenia dla rozwoju malej energetyki wodnej i wynikające z nich
l :|r.€ do standaryzacji turbozespołów dla tych elektrowni {Basic assumptions for the development
:i ,,--,ij water power engineering and the resulting directives for standard'ization of turbine sets for
::u|ć :tJ*,ęr plants). Prace lMP no 83-84, 1983.
_ :;§,9P _Energoprojekt'", Studium terenowe małych elektrowni wodnych na terenie Polski, cz, l-IV
; ,:,,: investigations of small hydro-electric plants in ,Poland, part I-IV). Warsaw t982-84.
,:,S ?: -Energoprojekt", MateriaĘ do progr'amu kralowej produkcji turbozespołów dla MEW
ill,. :.::iis for the program of production of turbine §et§ for small hydro-electric plants). Warsaw 1984.
,,; :: eksploatacyjna polskich elektrowni pompowych oraz ich funkcja regulacyjna w krajowym

,i,^... energetycznym {Operation analysi§ of the Polish pumped-§torage power stations and their
,:,il-_-:".-:n function in the national electric power systern). Department of ,ltydro-Engineering of
-ril -:1;:ntcal University of Gdańsk, Gdańsk 1984.

59



60 M, Hoffmann

§tan obecny i perspektyruy rozwojowe hydroenergetyki w Polsce
,ś szczr;gólńym uwzględnieniem zapotrzebowania na turbiny wodne

streszczenie

Skromny potencjał energetyczny polskich rzek, który wliczając rzeki nadające się.dla małych

elektrowni wodnych wynosi 13,3 TWh rocznie, oiaz niska sterowalność systemu elektroenergetycznego
w Polsce pociągają za sobą koniecznośc budowania elektrowni wodnych jako elektrowni szczytowych
mających ułatwić sterowanie §y§temem i zapewnić jego niezakłóconą'praę. Przewiduje się, że do

roku 2020 elektrownie te Ędą rozwijane w na§tępujących czterech grupach:
I _ elektrownie wodne niskospadowe na stopniach wodnych zbudowanych na WiŚle l Odrze:

Il - elektrownie wodne średniospadowe budowane nad dużymi wielozadaniowymi zbiornikami
wodnymi;

III - małe elektrownie wodne;
IV _ elektrownie pompowe potrzebne dla zapewnienia prawidłowej i bezpiecznej pracy systemu

elektroenergetycznego oraz regulacji wymiany energii z sąsiednimi krajami.
W grupie I będą stosowane głównie duże i średnie turbiny rurowe, w grupie Il - turbiny Kaplana

albo, tam edzie Ędzie potrzebny zespół pognpowy, odwracalne turbiny Deriaza lub Francisa. W grupie III

Ędą wykorzy§tywane różne wersje rurowych turbin Kaplana oraz turbiny przepływowe.

W końcowej części referatu przedstawiono główne tematy prac badawczych mających na celu za-

pewnienie dalszego rozwoju elektrowni wodnych w Polsce.
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Hrnreuuree cocTofraxe rr flepcnerTf,Bril palBrrTnfl 1nApo9nepneTrrltn B fIoJIbIIIe c oco6bnr ]

}oIóToM Tp€6oBaHnft oTHocRTeJIbHo rnsporyŃIrH

pelrorrłe

Crpounufi oHepreT{qecruń norerĘłał noJlbcl(ux pęr, xoropnfi, BrJuoqa' peI(H npuroAHui a.nr

MaUIhrx rfiApogJrexrpocrarłquż, cocTaBrreT l3,3 Tnrq B roA, a Tal(xe Hrł3I(a' ynpaBnreMocTb 3nexTpe
ggepreTlrqecKoż cucreurr n flollure cnoco6crryror geo6xoAxIrłocrn cTpoeHn, rlApoglerrpocrarłqrfr
Kar nrxoBblx gJrerTpocTa§qlfi, notrorrrroulłx o6.nerqrrr ynpaBr€rr}re cucrerrłofi u o6ecne.rrłD eó H+

rosrvryućxrrro pa6ory. flpegycuarplBaeTcr, tłTo B nepno.Ą xo 2O20 roĄa 3TH 3JrerTpocTaHurłł 6yayr
pa3Bl{BaTbcff B cneAyIoĘI{x qeTblpex rpynfiax:

- Hn3roxanopnblę r}rgpo9llęrTpocTarrqllil Ha BoArnbtx cTyneHflx rra Buclę u Oape; ,

- cpę.&Helraflopuble rłApo9JlerTpocTaHĘilfi co3AaBaeMble rra 6eperax BoAIrLrx F3epByapoB
npeAHa3HaqeHnr;

- MźLnhIe rrrApo3JIeKTpocTaHu[Ił;

- Hacocnhre 3neKTpocTaHIIun, neo6xoArrMble.&J1, pdecnerexnx nparulruofi u 6esonacgofi

3JrerTpo3xepreTtłqecxoź cucTeMhl, a TaKxe p€ryr}rpoBanl{x o6uerła orreprxefi c coce.ąytol]tuMl,r cTpanaMr-

B rpynne t 6yłyr np[MenrTbc, B ocHoBHoM 6oarurłe n cpeAHrłe nprMoToqnbre ryp6rrrłu, r
[I - ryp6rłłu Karunrra.u.lu, TaM, r.ąe 6y.uer neo6xoAnu rłacocrłrrfi arperaT, oTBpaTilMbIe

Ąeprłaia nrIrł @pexcuca. B rpyune III 6yayr ilcnoJlb3oBblBaTbc, pa3JIIłltHbIe 8rr.Ę6l [prnoTotłfiblx
Kannana, a Tarxe npoToqHble rypbrrHH.

B lar1roqurelrtofi qacrr peQefira npeAcTaBr€Hbr ocHoBHbIe TeM§I llcc.lreAoBaTęllbcrnx

cnyxarĄr,tx o§ecueqenrrro Aalureftrrrero pa3BETIł, r}r.Ępo9JlexTpocraxqufi n flo.nrrue.


