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BOT schemes as financial model of hydro power projects

by A. Grausam

There is a worldwide trend for governments to encourage involvement of the
private sector in power generation and transmission projects. Due to the long
realization period, high investment, Hydro Power Projects, especially in most
developing countries, face two major problems: unavailable technological know-
how and financial resources. Traditional methods of project development, funding,
management and operation do not fully alleviate these problems. Build-operate-
transfer schemes are the latest methods adopted in the developing infrastructure
projects. This paper outlines the project financing through BOT schemes and briefly
focuses on the factors particularly relevant to Hydro Power Projects.

Introduction

One of the main ideas behind the BOT-approach is to bring private capital into
construction of infrastructure like power plant. The foreign company or the
operating company runs the scheme for a stipulated periods and then, at some point
in the future transfers the facilities to the public sector of the host nation.

The application of BOT Schemes to Hydro Power Projects has been limited,
because many of theseprojects have been large scale for construction and private
financing is not well suited to projects which take many years to complete. But in
the last years, some schemes - special financing models for HPP-projects requiring
advanced technology and high capital investment - have been developed within the
private sector, in some cases with treasury guarantees to secure the financing. One
example for an existing BOT Scheme of HPP - Project is the Birecik Project in the
Republic of Turkey, which will be explained later on.

A further observation is that BOT schemes are enormously complex in terms of the
negotiations and the arrangements that have to be reached by all parties. So what is
also necessary, if you are a party of a BOT - scheme, that you have good lawyers
for negotiating sophisticated contracts of enormous complexity.

As my colleague, Mr. Rudolf Huepfl will present you tomorrow in his lecture, the
investment for the HPP Freudenau, which is located about sixty kilometers
upstream on the Danube from the City of Bratislava near Vienna, amounts to about
1.5 billion dollars. A main part of this investment is necessary for the
measurements of environmental protection. Which means, that HPP project
financing is not only to bring in capital for production of electric energy, but also to
raise funds for reducing the environmental impact associated with such projects.



1 WHAT IS A BOT SCHEME

In general, The principal features of these build operate projects are:

- the project investments are planned, financed, constructed directly or indirectly
by the consortium (often a private consortium and normally acting through a
,,project company");

- they usually involve private sector participation;
- It is limited-recourse-financing, based only on the project risks and project cash

flow. The recourse to project owner is limited;
- The projects are operated and maintained by the consortium for a stipulated

periods, under a concession or franchise, granted by the host government;

- The investment will be repaid by the sale of the products, the facilities are build
for;

- There are normally guarantee of revenue generating either through agreed tariff
formulae and long-term purchase agreements;

- at the end of the concession or franchise period, the facilities will be transferred
to the host government, which itself then becomes responsible for the project's
operation

The concept of build-operate scheme have come to be widely used for a whole
family of methods of private financing for public infrastructure projects.

The main types of build-operate schemes are:

- BOT (Build-Operate-Transfer), where the facility is transferred to the host
government after a certain period;

- BOO (Build-operate-own), where the facility is owned by the consortium;
- BOOM (Build-operate-own and maintain), where the maintenance function and

responsibility is added;
- BOTT (Build-Operate-Transfer-Training),
- ROT (Rehabilitate-Operate-Transfer), where an existing facility is refurbished,

operated and transferred. This is becoming a popular concept for modification
and upgrading of an old power station for many countries (e.g. Philippines,
Malaysia)

- ROL (Rehabilitate-Operate-Leasing) in this case, an existing facility is
refurbished, operated an leased from the consortium for the cooperation period
for operation and maintenance.



2 THE STRUCTURE OF BOT SCHEMES
Traditionally, projects are executed by a consortium made of different parties, who
have varying interests in the projects. The four traditional participants are: the
owner, consultant, constructor and financier. The parties of consortium may not
necessarily be distinct, but could merge into one another.

Private Power Projects can present substantial risks and involve a great deal of
careful development. A comprehensive contractual framework has to be developed
defining the obligations of all parties during construction and operation. The
important agreements for a BOT project are:

- Engineering Procurement Construction Contract (EPC) with contractor
- Power Purchase Agreement (PPA) with utilities
- Fuel Supply Agreement (FSA) with fuel supplier in case of a thermal power plant
- Operation and Maintenance Contract (O&M) with plant operators
- Land Purchase Contract with local /municipal government
- Loan Agreement with Banking Consortia
- Implementation Agreement
- Insurance Contract, and others

In Appendix 1 below shows the elements, generally included in the BOT project
structure, but the role of the participants and the relationships among them vary
from project to project.

3 PROJECT IMPLEMENTATION OF BOT SCHEMES

All project have a life cycle comprising three distinct phases:

- The Project Development Phase, during which activities such as feasibility,
design an preparation of tender documents take place.

- The Project Implementation Phase or construction phase, during which the HPP
is built and commissioned

- The Project Operation Phase, during which the HPP is utilized for the
production of electric energy

During The Project Development Phase, activities such as market study,
feasibility, design, environmental impact assessment (EIA) and preparation of
tender documents take place. A quick method for the project initiator to evaluate
the BOT project, is using a flow charts for the selection of project, especially of
potential BOT project in developing country (see 2nd).



After having worked through the project evaluation flow charts, the necessary steps
required to implement the BOTproject should be carried out. These are:

- Government legislation, which means that the host government commits to
supporting, in the context of the project e.g. compulsory acquisition of land, or
relocation of local inhabitants. There is no chance to realize such a project, if it
does not have the full and committed support of the government of the state in
which it is taking place. The extent of governmental support is, of course, a
matter which lenders will wish to consider carefully before committing
themselves to providing the finance required for the project.

- Concession, provides regulatory framework and guarantees, which gives the
sponsoring consortium the right to build and the right to charge. The concession
agreement is the heart of any BOT-scheme and it is the agreement, which really
characterizes a scheme as a BOT. Essentially it allows the sponsors to undertake
the project and concedes certain rights to them, e.g. land use rights. In this
agreement, there is generally speaking, determine the right to built the plant and
the right to sell the electric energy.

- Construction contract, which may consist of design contract, E&M contract
and civil works contract, in term of Hydro Power Project, should ensure that the
contractors comply with the ground conditions, the repayment procedures and
the liabilities for damages to be imposed on the contractor in the event of delay
or in the event that specific performance requirement are not met. The equipment
suppliers will operate as a subcontractor to the contractor during construction
phase. There are also BOT-schemes in discussion, where, design and
construction companies as well as equipment suppliers are member of the
consortium.

- Project finance, BOT schemes financing are usually made of 75 % debt and 25
% equity. The traditional sources of finance for HPP-Project are export credits,
the medium-term loan syndicated by a group of commercial banks of different
countries or debt and equity issues on the capital markets. The export credits are
normally long term and guaranteed by their government of the state, from which
goods and services are provided to the project.
The lend will look primarily at the debt service ration to ensure that the project
is able to withstand the risks involved. By contrast, the investors will be
interested in the IRR (internal rate of return) offered by the project. The
minimum acceptable rate will depend mainly on the project type and location,
and on the risk sharing arrangements and the investor's opportunity cost of
capital.
According to my experience on projects in China, due to runaway inflation,
foreign exchange restrictions, and strict Government control of electricity prices,
it make investment in China's energy sector a risk that few companies are willing
to take for less the a 20% IRR.

BOT financing requires a combination of detailed risk analysis; economic
analysis - to demonstrate rate of return of the project; and financial analysis - to
demonstrate adequate cash flows. It is a very complex process, and need a
separate workshop to discuss all financial problems in connection with financing



BOT-Schemes, so I have to reduce my comments only on certain problems an
risks involved in BOT-schemes, which I will try to explain later on.

- Operating contract will normally require the operator to run and maintain the
project in conformity with any obligations, the host government has imposed in
the concession agreement. Apart from these requirements, the operating period
should also be an important element in operation contract. Due to the long
realization period, the project sponsors will need a appreciate operating period,
which is long enough for them to recover the cost and to achieve an acceptable
return.

4 SWOT ANALYSIS OF BOT SCHEMES

A brief strengths, weaknesses, opportunities and threats (SWOT) analysis is
undertaken below for BOT-schemes:

Strengths- the build-operate schemes

- Promote direct foreign investment into developing countries.

- Reduce the pressures on government in terms of both financing infrastructure
projects and recurrent expenditure generated by projects.

- Improve the national debt burden and interest payment obligations.
- Increase the commitment from contractors and financiers alike towards the

successful operation of projects.

- Require that the project evaluation are undertaken with increased intensity and
strictness.

- Reduce the chances of and the application of inappropriate technology.

Weaknesses-the build-operate schemes

Are not applicable to all kinds of infrastructure projects.
Usually require high pricing and tariff structures for returns to be attractive or
obtained; thus possibly distorting the existing local pricing structures
Due to devaluation and currency convertibility, revenues normally have to be
generated in hard convertible currencies.
Usually involve the provision of guarantees and extensive legal agreements as a
prerequisite for investment, which may increase the project costs

Opportunities-the build-operate schemes

Act as a vehicle for introducing new technologies rapidly and successfully into
developing countries. f

Provide a good basis for technology transfer and training of local staff.
Create an opening for private sector participation and also the development and
use of emerging markets to fund projects.
Create an incentive for additional capital inflows into a country and reduce
capital flight.



Threats-to build-operate schemes

For BOT schemes, the threat of the facility being run down at the transfer stage
of the scheme exists.
If the schemes are not structured properly, natural resources in developing
countries could be wastefully utilized and depleted by the project promoters.
Political instability and the threat of nationalization sometimes exists and makes
investors cautious about entering into any long-term arrangements on build-
operate schemes.

5 THE PROBLEMS AND RISKS INVOLVED IN BOT-SCHEMES

BOT financing required a detailed risk analysis. For both the host government and
the private parties, it is important that risk allocation has been carefully considered
before the project package is put together. The risks related to the BOT Schemes
may be divided into:

- Political risks are among others, a change in taxation conditions, changes in
requirements for native involvement, and imposition by the host government of
exchange controls. The risk that Government may use actions of this sort to
influence a project will increase construction costs or cause delays. That leads
the private investors often to require high rate of return.

- Construction risks are often associated with the feasibility of the project. It
have to be considered, which technology is behind the project, which local
infrastructure is existent, because no projects are isolated from the environment,
in which it is situated. One common difficulty with HPP is that sites cannot be
located according to choice, many sites are located in isolated areas far from the
population they are intended to serve. In this case there is the need for an
efficient and effective transmission network. The risks of time overruns beyond
the scheduled period of completion is also part of the risks during construction
period.

- Economic risks in BOT project are usually arising from the economic instability
of the project circumstances. The most significant risks in this category are e.g
economic depression in host country, inflation rate above forecast level,
bankruptcy of shareholders and suppliers, which effects the viability of the
project.

- Currency and Foreign Exchange risks, the currency, in which loans are made
available to cover construction cost or other expenditure may be different from
the currency which the project generates. In the case of a HPP, revenues are
most likely to be in local currency.
An important general issue for BOT project is how the sponsors protect
themselves from exchange rate devaluation and from the currency convertibility
risks. If the currency differs, the project company and the lenders are running an
exposure to currency movements, in addition, government agreement on the
amounts and terms under which local currency can be converted to foreign
exchange will also be of importance to the lenders.



- Revenue risk, when the project is completed, the production should be able to
bring the project company sufficient income to meet the debt obligation and to
provide the sponsors with a return on their investment. There are many factors
which may effects revenue shortfall, among them the price and offtake risks,
which may be in form of lower offtake than desired; power prices below
forecasts level; changes in fuel supply price, transportation cost and labor cost.

- Operating risks,, which means, despite completion of the construction,
originally planned the project does not operate, due to the lack of competent
labor force, of spare parts, or general absence of routine maintenance and so on.
One way to minimize the operating risk from breakdown of the plant is to
provide for special completion test, so that the plant meets the specification for
which it was designed. An experienced operator to run the plant is also essential,
the duties of the operator will be set out in the O&M-Agreement (Operation and
Maintenance Agreement).

In Appendix 3, a list of risks and possible solutions is summerized.

In a HPP-scheme, there are a lot of risks additionally to the above mentioned risks,
eg-

- long realization period

- high capital investment required
- sites cannot be located according to choice
- need for effective and efficient transmission network
- land use rights and relocation of local inhabitants
- high environmental sensitivity
- variability of hydrology and uncertainty about energy output
- wide range of technical complexity due to the need of high technical efficiency

leads to technical risk of operation and maintaining

The long realization period required for HPP projects means on the one hand, that
the HPP project will combine the full range of risks, and on the other hand, that the
project company will need a long franchise period for the investment pay-back and
for the achievement of an acceptable return. The low cost of oil and gas and the
high investment required, make large HPP less attractive. But as you can see later
in clause 8, if the parties make the long-term plan and obtain parallel co-financing
through a numbers of commercial bank, as it was done at the Birecik project, they
can also be successful with BOT schemes in Hydro Power Project.

6 THE VIEWPOINT OF CONSULTANTS AND ENGINEERS IN A
' BOT-SCHEME

Allocating risk and creating of financial structure take considerable time and
planning. It is important for both public and private participants, to have
appropriate financial and technical consultants.



Take my company as an example, Verbundplan was founded in 1959 as a subsidiary
of Austrian largest utility - the ,,Verbund". Nowadays, Verbundplan consists of 6
special engineering and consulting companies and has about 500 engineers,
economists and other specialist in 25 different fields. This large and experienced
group provides a flexible capability in all major engineering disciplines and project
management. In the meantime, Verbundplan has involved in the Birscik Project in
Turkey, and is responsible for the detail design and the supervision on site during
construction period, and is also assigned to the operation of the plant in the
operation phase.

What is the role of an Engineering Company, like Verbundplan in a BOT-Project?

Verbundplan can offer:

- Services for Owners and Investors as Owner's Engineer, because the
selection of projects, which is on the high level of feasibility and profitability, is
a critical decision for the Sponsor or the Sponsor Group.

- Services for Banks as Independent Technical and/or Environmental
Adviser, because banks are faced with crucial decisions whether or not to
support an BOT-Scheme. In this evaluation process, an Engineering company is
able to provide a full service to assist in negotiation with the various parties and
remove or mitigate risk during construction and operation period

- Services for Governments and Utilities as Technical and/or Economic
Advisor, because one of the key issues from the government's or utility's point
of view is the definition and implementation of a comprehensive pre-qualification
and tendering procedure and methodology

- Services for the constructor as Designer, Site Supervisor and Coordinator,
because in such a complex project it is a mitigation of risk to have experienced
specialists working at the project.

- Services for Operator as Controller and Trainer

The disadvantage of BOT-Schemes for Engineering Companies is, that a successful
conclusion of a project requires initial investment. The Engineering Company starts
their works on the project in an early stage, before contracts were signed, that
means for the developer, he has to bear the investment cost as well as the risks
associated with developing the project. Normally, the concept development of a
HPP-Scheme might need at least two years of work and these costs have to be
compensated by the other parties of the project.

7 A CASE STUDY OF THE HPP BIRECIK PROJECT IN TURKEY

The Birecik - Hydro Power Plant, located on the Euphrates River in Southeast
Turkey, about 30 km north of the Syrian border, belonging to a number of dam
projects on the Euphrates River of Turkish Government for irrigation and power
generation purposes.

Technical Date:



Birecik dam is more than 2,5 km long and consists of earth embankment dams on
the left and right banks of the Euphrates River, as well as a concrete gravity dam
in between. The dam will have a maximum height of 62,5m. Six Francis turbines
with 112 MW each, with a total capacity of 672 MW, will be installed in the
powerhouse. An annual production of electricity of about 2500 GWh is expected.
The whole facility will be ready for operation within 5,5 years,

Project Participants and Project Structures:

The Birecik project is the first major project in Turkey financed through the BOT
model. Like any other BOT projects, it takes a long lead times and construction
periods. About 11 years ago, the first feasibility study was carried out by interested
parties, and till November 1995 the implementation contract was signed with
Turkish Government. The total construction period will take 5,5 years and after an
operation period of 15 years, the facility will be transferred to the Turkish
Government.

To manage the overall controlling and monitoring effectively, an independent
project company- Birecik A.S. was founded and awarded the contract for the
construction, financing and operation of the dam and the power plant (see 4th). All
of the participants in the project are represented in this company. They are:

BtreeikA. 1 *~ f

Design & Planning Verbundplan GmbH (Austria)

Civil Works Philipp Holzmann (Germany)

GAMA A.S. (Turkey)

Strabag AG (Austria)

Turbines Sulzer Hydro GmbH (Germany)

GEC S.A. (France)

Generator GEC S.A. (Belgium)

Electrical Equipment CEGELEC S.A.(France)
CEGELEC S.A.(Belgium)
GAMA A.S. (Turkey)

the Verbundplan GmbH has been involved in this project for many years. In the
meantime, it functions as general project manager in the project company and
provide full support to private investor in terms of their technical, environmental
and contractual concerns. As an important company in the construction consortium,
Verbundplan takes responsibilities not only for design and plan, but also other
engineering and coordinating works.

The contractual relationship between the Project Consortium and other parties
leads to a network of interrelated contracts. There are 54 separate documents in
Birecik project, which took nine years to negotiate. An army of lawyers, have been



involved in creating a legal framework to guides investment by foreign banks and
companies

BOT financing

With a total investment of about 2,3 billion DM, it ranges to the largest single
financed package arranged for a project in Turkey. The Birecik project is financed
with 15% of equity, 61% of Export Credit, 21% of Commercial loan of entirely
Turkish debt and 3% of operating revenues during start-up. The Export Credit
tranches are guaranteed by Hermes of Germany, OeKB of Austria, Ducroire of
Belgium and COFACE of France. The total debt, arranged by a syndicate of about
44 banks out of ten countries, are a packages of Export Credit and commercial
Turkish debt at a ration of 3:1, which made this project attractive to commercial
banks because of the risk diversification among many lenders (see Appendix 5).

8 CONCLUSIONS

Knowing how difficult and risky it can sometimes be for private participation in
power project by means of BOT scheme, particularly in developing countries, and
believing there is still chance for the successful project implementation like the
Birecik Project. I sincerely hope you will be encouraged to continue your efforts to
realize these BOT Hydro Power Project.

Hydro Power development provides not only the best way to produce electricity, it
can also solve problems in different fields, such as navigation problems in case of
run-of-the river plants, ground water management systems and flood control etc.
This makes HPP projects not cheaper, but hydro energy is a clean and renewable
energy and the hydro electric potential worldwide will play a major role to meet the
increased demand in the future.

10



Appendix 1. BOT Structure
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Appendix 2. Project Selection Flow Chart for BOT - Schemes
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Appendix 3. List of Risk and Possible Solutions

Political risk

Construction
risk

Economic risk

Currency risk

Revenue risk

Operating risk

- government undertakings by the means of guarantee
operations

- involvement of government or strong local sponsors
- seeking for parallel commercial co-financing to spread the

risk
- political risk insurance through private insurer

- feasibility study
- experienced contractor
- liquidated damages for time overruns

- economic risk insurance through guarantee operation of
government

- additional subordinated loans or equity from sponsors
- control over expenditure and revenues of project

- matching the currency of the loan to the currency of the
revenues

- government undertakings as to availability of foreign
exchange

- interest rate and currency swap and hedging to prevents
the exchange rate fluctuations

- take or pay contracts
- throughput agreements and production payments
- mechanism for increase of future offtake, e.g. marketing

strategies

- completion test, e.g. trial runs, appreciate warranty
period granted by equipment suppliers

- planned and routine maintenance
- training of local staff for efficient operation and

maintenance
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Appendix 4. Birecik Project Structure

Republic of Turkey

Undersecretariate of
Tresury and Foreign

Trade

Insurers

Independent
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Electric Energy
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Directorate of
State Hydraulic

Works

Operator
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TEAS

Construction Consortium

Hydroelectrical &
Mechanical Consortium Designer

1. Government Guarantee

2. Fund Agreement

3. Water Supply Agreement

4. O & M Contract

5>. Power Purchase Agreement

6. Construction Agreement

7. Loan Agreement

8. Escrow Agreement

9. Consulting Agreement

10. Insurance Contract

11. Shareholders Agreement
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Appendix 5. Financing Structure of Birecik Project

Financing Package Investments
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Application of Pumped Storage Plants

in the Control of the Slovak Power System

and the Possibility of Pumped Storage Plant Ipel'

Exploitation towards the Year 2010

by Vladimir MOKRY and Anton DARMO

1. Introduction

The paper presents results of analysing the application of current pumped storage
plants (PSPs) for the operational control of the Slovak power system (PS) and the
outlook of their implementation up to the year 2010. The review of the need to
construct a week's storage cycle PSP is included. The analysis contained also the
problem of the exploitation of PSPs as control and reserve power sources of the
Slovak PS.

2. Methodology and main results

Chosen methodology, which utilised the principle of load duration, made possible
the review of PSPs1 exploitation in the Slovak PS for the following functions:

• power source to cover the load in the variable range of the daily load curve
(DLC)

• power reserve to cover the failure outages of power plants, that cover the base
load in the PS, mainly nuclear power plant (NPP) units

• control unit for the primary control of frequency and power, and secondary
control of power and voltage control

• storage of electrical energy, that can be used to cover the load during the day or
even week depending on the PSP storage cycle - either daily or weekly storage
cycle. As in the Slovak Republic there is no PSP with weekly storage cycle yet,
these possibilities are rather limited at present.
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To control the system operatively, a dispatcher has at his disposal production
capacities (e.g. power plants). Their output covers DLC. Load behaviour dynamics
demands from the power plant operation corresponding dynamics. As for the
dynamic qualities demanded, hydropower plants (HPPs) and among these mainly
PSPs meet requirements of the Slovak PS. Current PSPs are therefore fully utilized
for this purpose.

The demand of power plant dynamic qualities is in the dispatching practice even
more important for providing dispatcher's power reserve. This is a fast power
reserve, which according to UCPTE should be 5 % of the instantaneous load or
equal to the biggest power unit in the relevant PS. For the Slovak PS this means a
reserve of 440 MW.

This necessary condition for the co-operation of the Slovak PS with UCPTE can
be fulfilled just because PSPs, particularly Cierny Vah, are available in the system.
One can prove that by the following well verified procedure:

Immediately after the power outage in the PS is the missing power replaced by
PSP. Cierny Vah PSP is prepared to replace the power of 440 MW in 5 minutes.
Thus the allowed balance deviation is ensured (UCPTE demands the decrease of
power deficit to maximum 100 MW within 15 minutes after the failure outage
started). Powerful daily storage cycle PSPs that have reservoirs with a sufficient
storage capacity can compensate the mentioned power outage usually no longer
than up to 8 hours. If on the day of failure outage should PSP keep its function as
dispatcher's reserve and regular peaking power source, the power outage should be
replaced not later than after these 8 hours by conventional steam power plants
(CSPPs). The start-up time of such a steam unit is defined by technology
parameters of that unit; cold start takes on average about 8 hours. That all implies
that because of the international agreements planned outages of power units should
be co-ordinated so that in the Slovak PS at least four 110 MW steam units should
be kept as a cold reserve. In case one can not for whatever reason observe this
dispatching reserve in steam units, one must import part of the power (and energy).

The function of fast emergency reserve in the Slovak PS is provided mainly by PSP
Cierny Vah to such an extent, that its utilization for DLC coverage is minimal.
Figures 1 and 2 present Slovak PS load curves and their coverage on November
23rd 1996 and November 28th 1996. In both cases there was a power supply failure
in the NPP EBO. The process of power failure solution can be seen on both
figures. PSPs helped to compensate the power loss in the first place; followed by
CSPPs and partially hydropower plants. On 28th November some units of NPP
EBO took part in power loss compensation.

Such situations occur in connection with the NPP unit failures more often. Failure
outages are usually short. The NPP units EBO - VI No 11 and 12 experienced in
the years 1995 and 1996 considerable failure rates and failure duration, and the
NPP unit EBO - V2 No 31 experienced in November 1996 a longer failure outage.
Such situations would be unresolvable at the present situation of the Slovak PS, but
for the PSP Cierny Vah.
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There are on the average about 8 to 10 such situations in the Slovak PS in one
year. Should the PSP with the weekly storage cycle be available (e.g. PSP IpeF
now under preparation), such power failure outages could be solved by PSPs, with
their possible co-operation with hydrogenerating power plants, e.g. solution by
means of hydropower. In such case it would be unnecessary to activate cold reserve
steam power plants; that would bring pronounced economic and environmental
assets.

In the Slovak PS PSPs act as regulation sources. While covering the load they are
interconnected in the automatic control of frequency and power, their control
power in the primary regulation being thus 5 % of nominal power; 5 % of nominal
power is available in the automatic secondary regulation of power. They control
also the span of DLC variable range by power consumption for pumping, thus
mitigating the biggest load decrease at night hours.

PSPs can considerably control power during the week too, e.g. in a weekly cycle.
By an increased consumption of electricity used for pumping during week-ends they
participate in the steady operation of NPPs, and favourably influence the operation
of CSPPs too. Energy thus accumulated during week-end can cover the peak load
range of the DLC during week-days. Present situation of the Slovak PS allows PSP
Cierny Vah to fulfil this task only to a limited extent. This PSP has to spare most of
the reservoir's volume without using it for load coverage and regulation, because
the accumulated water is reserved for the function of the Slovak PS's power
reserve.

This weekly load curve control should provide PSP with weekly storage cycle
especially designed for this purpose. To fulfil this task for the Slovak PS, PSP Ipel'
is being prepared; its designed capacity 600 MW will be installed in four 150 MW
units.

The construction of PSP IpeF should enable a fundamental change in the current
operation of other power plants. This applies mostly to nuclear power plants,
which should operate reliably, and effectively, which means they should produce as
much power as they could. This, however, requires preferably uninterrupted
operation on the nominal power reduced only by the size of regulating power for
the primary regulation of frequency and power in the PS. The point is to let the
nuclear power plant to produce at week-ends power, which would be accumulated
and afterwards utilized to cover the peak load range of the DLC. This is the most
effective possibility of exploiting this accumulated energy.

PSP Ipel' would bring about effective changes in the operation of CSPPs and other
HPPs (including existing PSPs, explicitly PSP Cierny Vah). The change of
operation of these power plants would result from their co-operation with PSP Ipel'
in covering the variable range of the DLC. This conclusion follows from the
analysis of the co-operation of PSP IpeF with other power plants in the Slovak PS
at the variable range of the DLC coverage up to the year 2010.

For the analysis of the year 2010 we used the balance of electricity consumption
prepared within the framework of co-operation with SE a.s., which took place in
the year 1996. SE a.s. made available the data on electricity consumption for the
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analysis used in this paper. Overall domestic consumption of electricity in the year
2010 is expected to reach 40,4 TWh.

To analyse the lines of duration of the variable load range and the lines of
production duration parts of a year that are comparable from the DLCs point of
view were defined. The year was divided into four periods - winter, summer and
two intermediate periods, e.g. spring and autumn. The length of the winter season
and summer season was defined to last 17 weeks, the length of spring and autumn
seasons 9 weeks each, 52 weeks in all. Energy year thus defined begins by winter -
45th to 52nd week of the previous calendar year and winter then continues by the
1st to 9 weeks of the year analyzed; spring lasts from the 10th to the 18th week,
summer from the 19th to the 35th week and the cycle is closed by autumn from
36th week to the 44th week. In these periods complete weeks were analyzed, e.g.
168 values in the first case, and only week-days in the second case, e.g. 120 values
in each week. In the analysis of load coverage by power plants data from SE as.
were used. We have detailed records in our company.

It is expected, that the share of conventional CSPPs in covering the variable load
range of the DLC will in the year 2010 increase by up to 30 % compared to the
year 1996. The share of hydrogenerating power plants (mainly the Vah cascade)
will increase only by about 10 to 15%. The share of PSPs (Cierny Vah, Liptovska
Mara) will increase by 20 to 40 %, depending on whether the PSP Ipel' will be
built or not. In case of the construction of PSP Ipel', PSPs (above all PSP Cierny
Vah) will participate more strongly in covering the variable load range of the DLC
compared to the current situation.

In the year 2010 compared to 1996 variable load range of the DLC will increase
considerably. Power plants, that should be able to cover these variable parts of
electricity consumption, will be thus necessary. One of the prospective power
sources with such capabilities is also PSP Ipel'.

The increased demand on the load covering dynamics announced for the period up
to the year 2010 is confirmed by the DLCs behaviour, and the increase is marked
already from the load approximately 700 MW ; thus the load 1800 MW needs to be
covered by manoeuvrable PSPs, hydrogenerating power plants and peaking steam
power plants. In the week-days 0,8 TWh need to be covered, of which
hydrogenerating power plants will cover 0,3 to 0,4 TWh. At least 0,4 to 0,5 TWh
are left and will have to be covered by PSPs. These, however, make available only
0,07 TWh.

The covering of the variable load range of the DLC is considered in two scenarios.
These scenarios differ one from another in the composition of the power plants
available: the first one (called base scenario) does not include PSP Ipef, the second
assumes, that towards the year 2010 PSP Ipel' will be available.

The coverage of the winter season of 2010 is deficient by 0,91 TWh in the complete
week alternative without PSP IpeF. The summer season's coverage is deficient by
0,7 TWh.

The coverage of the winter season of 2010 in the complete week alternative with
PSP Ipel' is deficient by 0,33 TWh, the summer season's coverage is deficient by
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0,30 TWh. The construction of PSP IpeF would enable to utilize PSP Cierny Vah to
cover the variable load. This would win in winter as well as in the summer season
0,31 TWh, which would compensate the deficit in covering the variable load range.

As PSP Ipel' is not available yet, the analysis of the current co-operation of power
plants at the covering of the variable load range of the DLC started from PSPs
currently in operation and their function in the period from November 1995 to
October 1996.

3. Conclusion

• PSPs in the Slovak PS fulfil following fundamental functions:

- covering of the variable load range of the DLC

- power reserve needed to cover failure outages of power plants used for the
base load in the PS, mainly NPP units

- regulation source for the primary control of frequency and power, and
secondary control of power and voltage control

- storage of electrical energy, that can be conserved in the process of load
coverage during the day or even week depending on the PSP storage cycle -
either daily or weekly storage cycle.

PSPs fulfil these functions within the range of designed technical parameters and
from this point of view they differ in importance. PSP Cierny Vah has an
installed capacity sufficient to fulfil the task of power reserve for the biggest
unit, e.g. 440 MW. It has for this purpose excellent dynamic characteristics and
parameters. Considering the accumulation volume of the reservoir blocked for
the coverage of failure outages, its time availability for covering the variable
load range of the DLC is limited and from the accumulation point of view it can
be used for the daily storage cycle only. All these functions could be
accomplished fully by

the designed PSP Ipel' with weekly storage cycle and installed capacity of 600
MW. Its construction would fundamentally change the control and operation of
the Slovak PS.

As for the current situation, most failure outages of the nuclear power plant
units take a short time. Parameters of PSP Cierny Vah manage to cover them
with the exception of those lasting longer. These longer failure outages must be
later covered by the power plants currently being in cold reserve. Without PSP
Cierny Vah and at current operational conditions of the Slovak PS, one could
not cover these failure outages by domestic power plants. The 440 MW capacity
singled out in PSP Cierny Vah as a reserve for failure outage coverage results
in the minimum participation of PSP Cierny Vah at covering the variable load
range of the DLC.
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Examples from the analysis demonstrate, that PSP Cierny Vah is used mainly to
cover the peak portion of the DLC's variable load range, to compensate nightly
drops and favourably influences variable load range of the DLC by narrowing it.

• To cover failure outages lasting more than 8 hours one has to put into operation
power plants, that stand by as a cold reserve. Current situation can be improved
by the construction of new power plants. In this paper the alternative assuming
the construction of PSP was considered.

• The analysis based on the base scenario for the electricity consumption in the
year 2010 and its coverage confirmed, that the basic conditions permitting the
participation of the Slovak PS in the interconnected UCPTE system will not be
satisfied. This scenario, however, expects PSP Cierny Vah as the only pumped
storage plant of the required capacity operating in the Slovak PS in that period;
this PSP, however, is of daily storage cycle type only.

• The analysis of the alternative assuming the construction of PSP Ipel' as a
control and reserve power plant for the Slovak PS confirmed, that the electricity
consumption will be satisfactorily covered. The construction of the PSP of a
capacity 600 MW with a weekly storage cycle will create conditions for the
definitive linking of the Slovak PS to that of UCPTE.

• The construction of the PSP IpeF creates new technical and economic conditions
for the optimization of function of the other power plants included in the Slovak
PS, and thus for the PS as a whole. These conditions mean the co-operation of
PSP Ipel' with other power plants not only as a power reserve and power
control, it will co-operate also in the coverage of the DLC's variable load range
from the point of view of the daily or weekly electric power storage cycle,
utilizing pumping operation of the PSP.

• Results gained from the work aimed at the improvement of the operational
control of the Slovak PS confirmed, that the exploitation of the PSP with a
weekly storage cycle is of great importance for the optimum and reliable
operation of the NPPs and other power plants, mainly CSPPs, and thus for the
marked reduction of the negative environmental impact.

• The problems of PSP should be dealt with continuously within the framework of
the research project "The Importance of PSP Ipel' for NPP Mochovce Operation
and for the Operative Control of the Slovak PS". The results should be thus
more precisely defined and will form a basis for the final decision on further
steps of power plant investments.
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List of Abbreviations:

PS

DLC

NPP

CSPP

NPP EBO VI

NPP EBO V2

HPP

PSP

SE a.s.

UCPTE

Power system

Daily load curve

Nuclear power plant

Conventional steam power plant

Nuclear power plant Jaslovske
Bohunice

unit No 1

Nuclear power plant Jaslovske
Bohunice

unit No 2

Hydropower plant

Pumped storage plant

Slovak Power Company, j.s.c.

Union for the Co-ordination of
Production and Transmission of
Electricity

Summary

Application of Pumped Storage Plants in the Control of
the Slovak Power System and the Possibility of Pumped
Storage Plant Ipel' Exploitation towards the Year 2010
The paper deals with the exploitation of the pumped storage plants for the control
of the Slovak power system. For that purpose current utilization of pumped
storage plants currently in operation was analyzed from the point of view of their
part in the operational control of the Slovak power system. The aim of this analysis
was to exploit knowledge gained so far for the future outlook up to the year 2010,
including the evaluation of the need to construct pumped storage plant Ipel' with a
weekly storage cycle.
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Use of Hydroenergetic Potential of Streams from the

Aspect of Nature Conservation on the Example of North

Slovakia

by Miroslav ZONTAG

We live in the period that forces us to revalue our previous ways of using
natural sources. Adjective ecological have been slowly becoming unthinkingly a
part of our life. It is very often used in the connection with energetics, change of
fuel base, or orientation on alternative energy sources among which undoubtedly
belongs energy of water streams. The question is whether term ecological is correct
and if yes to what extend? Presently on the very beginning, it is necessary to make
clear what the correct meaning of the term ecological is? The term is derived from
the word ecology that is a biological science dealing with the relations between
organisms and their environment and, also, Organisms mutually. Water plants using
potential of water stream for the purpose of energy production are generally
considered as exclusively ecological constructions because they do not produce
waste and do not pollute the environment. However, we forgot the long line of
effects on environment that comes out when constructing and working dams. Water
stream is from the ecological point of view a very complex and fragile system of
mutual ties. In case that just one tie is somehow affected, it usually causes a serious
damage to the ecosystem. The ecosystem may be destroyed completely, or, in better
case, transformed to a different type that is for the original ecological conditions
artificial and from the ecological aspect not wanted. If talking about the use of
water stream potential, it is uncorrected to analyze only the hydrotechnical
parameters limiting use of stream for energy production, but all the components of
the ecosystem including chemo-physical factors of stream, natural selfpurification
of water, quality of riparian and aquatic vegetation, aquatic animal communities,
and animals partly dependent on water environment, but also the function of the
stream in supraregional system of migratory routes and other elements of ecological
stability. In the equal portion, it is also necessary to take into consideration limits
coming from these aspects. Surely, due to this, useness of hydropotential
significantly decreases, in many cases it becomes subjectless. Nevertheless, only
this way of thinking can be really considered as ecological.

Decentralized production of water energy can be gained efficiently, and
small hydroelectric power stations (SHEPS)—may play an important role, for
instance, for private sector where these offer higher efficiency and independence
from national energy system. However, not respecting limits of the natural
environment causes serious damages to ecosystems, usually unrecoverable.
Consequently, positive valuation of energy gained from SHEPS as energy
ecologically pure is misleading and one-sided. Working such power stations causes
serious negative interferences to the natural environment of stream and effects
primarily the biotic parts of the ecosystem. The most sensitive and, therefore, also
the most affected group of water fauna are fishes. Therefore, I will use this
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systematic group as an example to explain negative effects of constructing and
using of SHEPS.

Weir SHEPS

It is commonly known that any transverse constructions damming water
stream divide its habitats on the hydrologically different small parts, whereby this
fact hardens its recolonization not just by the original species, but also by the
unoriginal species of aquatic fauna. This reality is underlined mainly in
submontaneous and montaneous stream sections so called ,,brown trout zone" and
,,grayling zone." The most representative species of these zones - Trout (Salmo
trutta morpha fario) and Grayling (Thymallus thymallus) change their sites for
reproduction purposes and move themselves upstream in to higher elevation
sections and their tributaries. So do other fish species such as Danubian Salmon
(Hucho hucho), reophilic species of family Cyprinidae (Nase Carp - Chondrostoma
nasus, Vimba - Vimba vimba, Dace - Leuciscus ssp., Barbel - Barbus barbus). In
the essence, they are just local migrations of populations that are, however,
overlapped. Just this moment of complexity of stream ecosystem is extremely
important (for instance, connection Orava - upper Vah). Mutual population
overlaps within fish community increase genetic fitness of the populations, creating
individuals with higher fitness, on the environmental factors and wider their
ecological niche, of course up to the certain borders. Adaptability of individuals is
increased. Damming stream by impoundable elements as stoplog weir, regulation of
bank, and homogenization of river bottom change the natural character of river or
brook. It changes the swift flow river environment (lotic) on a slow flow stream
(lenitic) close to the stagnant waters. This important moment when original swift
current stream sections are removed, significantly damages the stream ecosystem.

In this connection, it is also needed to mention increased sedimentation of
detritus, which is normally taken downstream by the water, that consequently
changes water quality. Water euthrophisation, increased income of nutriments
mainly nitrogen and phosphorus causes enormous growth of the blue-green alga
populations (Aphanizomenon flos-aquae, Anabena flos-aquae, Microcystis ssp.,
etc.), visible as the water bloom, and other types of water vegetation. Increased
growth of the water bloom connected to fertilizer and manure rinsing markedly
changes the water quality. The change of chemo-physical characteristics of water,
for example, pH amplitudes, often lethal, or change of chemical contents of water,
morning oxygen deficiency just above the dam sector causes the retreat of original
species mainly fishes. Whole complex of organisms from bacteria, algae,
hydromacrophyta, to vertebrates, and riparian forests including forb and herb layers
react very sensitively upon the changes of physical parameters of water. Stream
damming causes sedimentation of particles of abiotic and biotic origin leading, in
the final effect, to establishment of mud cover within the stream section. Gravel-
stony bottom is covered up by the layer of organic detritus and mud eliminating
water oxygen for oxidation processes (30-40 % of total O2 capacity). Such
environment becomes hardly tolerable for typical oxyphilic aquatic species. Reophil
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- litophilic fish species requiring stony-gravel bottom loose their foraging and
spawning places, and are forced to look for new ones.

Artificially created environment with changed parameters better fits the
requirements of other ecological guilds of fishes (limnophilic species). This state is
dangerous from the aspect of population explosion of limnophilic species (for
instance: Perch, Common Pike, Pike Perch, Grass Carp, Asp, etc.), which are very
aggressive toward the original sets of species and their niche requirements in the
river ecosystem. Frequently, paradox rises up when original species are also present
in the dam ecosystem, nonetheless, they are mainly the big solitary individuals
purely ichtyofagous (mainly Trouts and Danube Salmons). It is not wanted due to
cyclic artificial recolonization of habitats by the original plant fish species because
these are decimated to a great extend and in a short time.

Stoplog weir in stream proposes a serious element of genofond barrier
causing isolation of the fish populations and impossibility of genofond
improvement. This phenomenon causes total stopping of upstream migration of
aquatic organisms, or fish removal from long river sections, for example, after
heavy storms causing extreme water flow. Fishes are flown downstream under dam
sector in the form of ichtyodift on the one hand, on the other hand actively. Stoplog
weir causes not naturally high densities of fish populations that would like to
overcome the barrier and spread upstream. Once concentrating predator species, it
means an abnormally high densities of fishes in fish community. Individuals, mainly
trouts with strong territorial behavior fight with each other to drive the members of
the different populations (which are aggressors for them) out of their territories.
Forming of the natural structure of fish community of a certain stream depends
upon stream character, its heterogeneity, and constellation of other factors directly
effecting survivorship and other demographic parameters of the original fish
species, which are primarily habitat - food - shelters. After construction of
hydroelectric power station, not considering its size, aquatic animals are forced to
readapt on a new scale of environmental conditions, however, with varied results
mainly negative. Stream regulation above and under dam and complete change or
destruction of original stream parameters causes destruction of spawning places and
habitats and, also, decline of food abundance. The final effect of stream
fragmentation and river training in connection with river pollution is decline in
numbers or absence of several small fish species (e.g. rare presence of Streber,
Stone Gudgeon, and Kessler's Gudgeon, or population declines of Minnow,
Common Sculpin, and Carpathian Sculpin). This is not just problem of Slovak
rivers and brooks. From most of European rivers, several big migratory species
(Sturgeons, Great Sturgeons, Atlantic Sturgeons, Sea Trouts, but also Huchens, or
, e.g. Vimbas) gone due to the similar reasons.

As building SHEPS of so called ,,derivational type", the biggest problem is
removal of a part of stream water from stream recipient. At the present, it is getting
even greater importance because discharge rates of streams have been decreasing
(if taken some connections with the geological substrate of our streams). The
situation in north Slovak streams is getting worse except the low discharge rates
also by the effect of other human factors that are visible in lower parts of our
rivers, under urban agglomerations, under industrial zones, etc. Whereas upper
stream sections are negatively influenced by badly designed and conducted
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reclamations, stream trainings, deforestation of large forest tracts in northern
Slovakia that together with spring-catchment plants in spring areas led toward
extreme dehydratation of spring areas. These not correctly considered activities
caused swift discharge, discharge rate amplitudes, and total low water discharge in
alluvial channel. This in its consequences led toward deteriorating of life conditions
of varied aquatic organisms (the most significantly it can be seen on fishes and
crustaceans). Some fish species gone from their original habitats, others declined in
numbers. For such conditions removal of a part of stream water to diversion
channel may cause a catastrophe to the ecosystem.

The fundamental problem when fulfilling ecological conditions and goals if
SHEPS construction is to set so called ,,sanitary discharge rate" in the values that
are able to cover optimal life conditions of aquatic organisms and in the same time
their habitats will remain close to the original ones (water column, shelters, food
availability, oxygen concentration, water temperature have to be preserved
sufficiently). Currently, it is recommended for north Slovakian streams to set the
sanitary discharge rates on the levels 210-270 days water, maximumly on 300 day
water, depending on discharge rate amplitudes, discharge volume, degree of
ecological state, and human pressure. It is sorrowful that in the past there were
several unthoughtful decisions of the state water management organs especially in
the questions concerning acceptable values of sanitary discharge rates for
derivational type of SHEPS.

As an example we can take SHEPS Bohunka in the parish Biely Potok,
district Ruzomberok. In 1991, intake of surface water for SHEPS Bohunka was
permitted, and the edge value was stated on the level of 364 days water in the
permit. After five years of observing ecosystem with considerable amount of water
removed, it is possible to prove a serious damages on biological stability of the
ecosystem and its autoregulation ability to the extreme that a section about 500 m
in length is almost fishless. Older individuals were absent totally, and similarly the
typical species for the brown trout zone following Fric (1872). Schneider (1994)
states that already several research centers in the Czech Republic come out with
results, which may be generalized for submontaneous streams (including Slovakian
streams), where fish families Salmonidae and Thymallidae are dominant, that
discharge rate Q355 and lower lasting longer than 21 days causes breaks in
biological stability of streams significantly and negatively effecting the productivity
and live conditions of fishes. It has negative effects on stream natural
selfpurification ability, too.

A serious effects of working SHEPS, mainly the derivational type, on
environment were also described by the fisheries experts. For instance, as far as in
1985 Demars found out evident change in hydrofauna biodiversity, mainly in
presence of trout (Salmo trutta morpha fario) in streams in the central France.
Lusk & Halacka (1994) found in a section of Oslava river (south Moravia) between
backwater sector and water outflow from SHEPS to alluvial channel significantly
lower abundance and biomass of fish community. Within trout streams (Ticha,
Orlice, Moravice, and Podolsky potok), the abundance of fish community was for
about 25-60 % lower in comparison with sections not affected by SHEPS
constructions, while biomass values were lower for about 12-30 %. This reality
indicates that the abundance of bigger individuals mainly trouts declined. Within
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Oslava river where the fish community has barbel zone character (Fric 1872), they
also found lower values of abundances and biomass in the section under backwater
sector where the abundance values reached only 32 % and biomass values 47 % of
the stream section not affected by working SHEPS. In addition, Muzik (1994)
found decline in abundance for 37 %, respectively 40 % in Lubochnianka river in
case of trout as a result of working SHEPS in the years 1993-1994. All up to date
observations dealing with effects of lower discharge values on fish community have
clearly shown lower abundance and biomass values in fish populations. According
to Stipek (1997), these values goes up to 60-90 % in brown trout rivers. Due to the
fact that discharge rates affects the most significantly the water depth and current
rate, which are the most important factors influencing fish presence, working
SHEPS has clearly negative effects upon fish community structure (not only on fish
communities) and fish colonization of streams affected by changes in hydrological
regime. Marked damages happen in the spawning periods and through early
ontogenetic stages of fishes from egg, through eleutembryos, protopterygiolarvaes
to fry. This fact is also proved by other experts (Hartvich 1993, 1994, Poupi 1992).

Taking the part of discharge rate, derivational type of SHEPS in the same
amount lowers stream ability to design its riparian channel. This aspect is very
important. After spring and autumn maximal water flows when large amount of
organic and inorganic materials are removed and flown downstream, stream gets
encroached by sand, mud, detritus, etc. After maximum water flows, water column
decreases causing water overwarming that is lethal for many species of micro and
macro zoobenthos. This causes lower food supply for the organisms of the higher
trophic levels.

Lower discharge rates in derivational type of SHEPS supports decreasing of
natural water selfpurification ability through a line of complicated trophic level, the
stream is not able to eliminate efficiently the remaining pollution by slop water from
settlement agglomerations (for example, SHEPS in Revuca, SHEPS in Studeny
potok, SHEPS Maly Cepcin, SHEPS in Turiec, etc.).

Let's go back to the above mentioned problem with SHEPS Bohunka. The
state permit in 1991, similarly as others from the previous times, does not have to
necessarily be just a picture of unprofessionalism when giving such permits, but
also the reality that the subject of constructing and working SHEPS and its
character did not enable to uncover all the effects on stream ecosystem. This first
objective knowledge concerning negative effects was gained after several project
realizations of this construction type in Slovakian streams. In that time, it was more
and more difficult to stand against the strengthening pressure from the sides of
other investors. In many cases, it is needed to revise the given permits that is
hitting considerable resistance of involved companies and, also, legislation barriers.
Due to this, the unfavorable conditions within affected streams are still lasting, and
often they get even worse because of not keeping the set management rules by the
water management organs.

In the present time, almost one third of fish species belong to varied
categories of endangered animals. Therefore, in the connection with the affected
quantitative structure of fish populations, conservation of out fish genofond, mainly
the species included in the Red Data Book of the Slovak Republic, have gotten
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forward among the public interests at the largest scale. It is surely not necessary to
mention that one of the most endangered fish species is the Danubian Salmon
(Hucho hucho) spread as the Palearctic endemit of submontaneous stream zone of
Danube. In this connection, I would like to mention Dr. Holcik's saying heard at a
seminar dedicated to 30. anniversary of the National Natural Reserve Turiec that
there are only 43 km of streams with the common presence of this fish species in
Slovakia. Furthermore, there was mentioned a hypothesis when the last queen of
our waters would be caught or would vanish (2017) if the human pressure is in
about the current intentions. It is impossible to get rid of the fear regarding survival
of the species as we witness several investment projects focused on energy use of
north Slovakian rivers - Orava, upper Vah, Turiec, Revuca, Kysuca, and Poprad
that are the typical natural habitats of the species.

For sure nobody deny the national state interests to use alternative energy
sources. From the view of state nature conservation it is, in contrast, to preserve
our greatest natural values such as the mentioned Danubian Salmon. Species
conservation cannot, however, be effective without conservation of its natural
habitats. This fact have already been pointed out on the international ichthyologist
seminar (only countries with the presence of Danubian Salmon) held near Zwe
Zwiesel, Germany, in 1988. The outcome of the seminar was in the resolution for
genofond conservation of Danubian Salmon. On this forum experts wanted to
points out that there are no state borders in fish conservation, therefore it may only
be conducted under assumption of the fast development of the ecological way of
thinking in the field of national economical management. The pronounced statement
that if Danubian Salmon is to be preserved for the future generations, it is
necessary to exclude any negative human activities from the natural habitats and
their close areas. Consequently, we should seriously think whether it is a good idea
to use a hydroenergetic potential, for instance, of Vah river around Ruzomberok
where is present presumably one of the most abundant and stable Danubian Salmon
populations in central Europe. Five SHEPS are planned only for the section
Ruzomberok - Kralovany, mainly with the local value for supraregional
biocorridors. Therefore, Slovakia has to understand and decide what is more
important from the aspect of the global national state interest - whether to produce
several MWh of electric energy or preserve valuable natural values whose loss
would be impossible to assume or calculate and ,what is the most important, would
be never repeatable and replaceable. Definitely, it would not be very reasonable
argument for interference to the river ecosystem when the reason for it is in
constructing power stations which will not have and will not be able to have greater
than regional importance for the energy supply.

The water plants that bring only insignificant amount of electric energy to
the Slovak national network, and in the same time they are significantly
destabilization elements for natural environment, so arguments for them are not
well-founded. We can state that in our situation SHEPS by their energy
contribution for the whole energetic balance do not have greater value, so their
existence in the broader scale is not needed. According to Stipek (1997), the
energetic supply of 1200 SHEPS is not almost 1,5 % of the total electric energy
production. In Slovakia, the values are similar (more than 2000 SHEPS are going
to be built with the total capacity 300 MWh according to the plants) so that it is
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really insignificant in comparison with uncountable damages on the natural
environment.

Eventually, SHEPS construction should be oriented on the already markedly
affected streams by other kind of human activities, especially suitable are the
profiles in which similar constructions have already been, and it is possible to
reconstruct them without greater damages, respectively to use already existing
barriers in the stream. Here, suitably oriented construction of SHEPS may have
some positive gain for environment in the form of revitalization with the purpose to
mild the existed damages (building absenting fish passes, planting and regenerating
of riparian vegetation, etc.) Often, creating environment of new quality, however,
in this case secondary and unoriginal, is misleadingly becoming the argument for
construction of new water plants.

On this place, it is good to mention big water plants, which have more
significant energy supply for the whole energetic balance in Slovakia. Even though
their construction causes unrepeatable damages to the natural environment, they
secondarily create a new artificial habitats , often interesting for nature
conservation. A good example is Orava dam that has important habitats for
waterfowl and is trying to be accepted among the important bird areas in Europe.
To what extend it can stand as one of the arguments for constructing dams that is
to transform the original landscapes with the purpose to create a new ones, is really
discussing. The primary goal is still in conservation of the original landscape
structures with its unreplaceable role for ecostabilization function and
autoregulation process. In this meaning, the national state interests from the views
of economist and ecologist should be put together in harmony.
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ECOLOGICAL ASPECTS OF THE HYDRO POWER
INDUSTRY

AND POSSIBLE MEANS TO IMPROVE ECOLOGICAL
CONDITIONS OF WATER RESERVOIRS

by Alexander CHAIKA

Being the most concentrated restorable source of ecologically clean product, i. e.
Electric energy hydropower generation plants take a special place in the power
sector as a whole. Hydropower generating plants (HPP) do not pollute air, besides,
they are not direct sources of soil pollution. For a long period they have been
considered the most environmental-friendly power generating technology, thus
indirectly reducing environmental impact of industry and fuel extraction. But in the
recent years ecological impact of hydropower structures became a focal point of
specialists and population. And this attention is proportionally rendered of the
power industry as a whole, as it is the main user of hydropower generating
structures; other users and consumers of water supply scheme are neglected.

Any kind of economic activity causes some impact on the environment. This report
may be rendered as an attempt to analyse a hydropower generating structure as a
multitask water management scheme and thus its impact should be viewed as that of
one of water users.

In particular, viewed as water utilising structures, HPPs' environmental impact is
rather small.

As shown by operation practice, HPPs may pollute water with turbine oil, which
may result from systematic and emergency pollution due to turbine fault. Normal
operation procedure provides for collection, storage and re-generation of used oil.
But leakage still occur. Operating rules allow 200 g of oil per day (6 kg per month)
for one unit. Taking into account the above allowed leakage figures and actual unit
discharge PK (permissible concentration) = 0/01 mg per liter (Water protection
rules...) is never reached in practice. During the last few years there exists a higher
need for repairs, blade, bushing and runner sealing assemblies have been upgraded,
which subsequently reduces oil leakage. But (providing high reliability of HPP
equipment) occasional faults (damage of runner bushing or blade flange fitting,
etc.) when the scope of pollution may reach several tones, may still occur.

Despite protection measures taken, the young fish may get pumped into and killed
in the turbine, but this impact is much less in comparison, for example, with
pumping stations and suction dredges.

Investigations showed damages to animal plankton due to local cavitation on the
blade edges, but due to the fact that water discharged through turbines is saturated
with air, animal plankton losses are restored in equivalent scope.
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All other impacts of HPPs as a part of water management scheme are indirect.

Due to versatile impact of reservoirs and dynamic processes developed,
hydrotechnical engineering causes different changes of natural conditions and
processes. Only during the last years (beginning from 1970's) these processes have
been comprehensively investigated and thoroughly analyzed.

Reservoirs flood big land, forest and agricultural areas. Areas neighbouring
reservoir borders may flooded and swamped, beside hydrology of the river flooded,
they also affect small rivers located in the reservoir impact zone, in any case they
change hydrobiology and chemical conditions of water flow; in case there is a
source of environmental pollution, there is a catastrophic change in climate,
landscape, animal and plant life of the reservoir itself and neighbouring areas,
sometimes this may also cause tectonic changes (high seismic instability). The latter
is mainly a feature of mountain reservoirs.

Construction of a reservoir may flood archaeological monuments, that is why
according to the existing rules money is allocated for preliminary site
investigations, which is often the only source of finance for such large-scale
investigations, this has been realised during construction of the Dnieper cascade
and (it should be noted separately) during construction of Dniester power
generating scheme.

Construction of reservoirs change water flow velocity, wave, thermal and icing
conditions. Cascade reservoirs change water discharge conditions, which, in each
reservoir and especially in the upstream part (which is at the same time an afterbay
of the plants situated upstream) are determined by the operating mode of the plant
and are very unstable.

Flows play an important role in forming chemical and biological reservoir status.
They facilitate water exchange between the water area of the reservoir itself and
shallow areas with upper water-plants. This exchange allows biogenes, micro-
elements and other substances (including polluters) being carried to planted areas,
thus realising purification properties of the latter.

Reduction of flow velocity results in sediment of weighted and dissolved particles
and their accumulation in the bottom sediment layer. This process is becoming more
evident due to increase of the impact of antropogene factors such as: accumulation
of polluters coming with industrial and municipal sewage water, discharge water
from agricultural areas and etc.

On the other hand decrease of water flow velocity causes sediment of water,
improves its transparency and colour, decreases mineral and bacterial content of the
same. But these processes may take place only with stable and allowable impact of
antropogene factors, when dissolution of dirty water with relatively clean flood
water is able to support self-purification property of a reservoir.

Construction of big water storage schemes radically changes wind and wave
conditions of the river. In downstream deep parts of the biggest reservoirs
(Kremenchug, Kanev) waves may reach 3.5 - 4 m with frequency of 2.5-3
seconds. Wave and wind processes result in bank erosion, but at the same time they
improve local water exchange.
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Construction of cascade water storage schemes could not but affect the character
of air circulation above the reservoirs and neighbouring areas. Investigations on
Kremenchug reservoir showed that above the open area and near the banks wind
velocity increased by 30%, higher wind, also have been detected higher wind
frequency.

Thermal conditions of the river also changed: it takes logger for the water to be
heated in spring and cooled in autumn. Meteorological stations detect a tendency
for equal day and night temperature and general local (though small) increase of
average annual temperature. No doubt this all results in the change of various
natural conditions: sprawning-grounds, distribution of grass cover, species and
distribution of fish loss of optimal sprawning periods.

For moderate climate zones water exchange in reservoirs is a serious problem.
Character of water exchange processes is very important, especially for reservoirs
situated in industrially-developed and densely-populated regions, where rivers carry
polluters and biogens. With intensive water exchange characteristic of rivers and
small ponds with running water (reservoirs of small HPPs) water and dissolved
particles are transported while with reduced water exchange water and particles are
accumulated and are causing troubles to natural environment. Water exchange
defines reservoir ability for self-purification, physical and chemical properties of
water and consequently, life conditions of water organisms and reservoir flora and
fauna development. For moderate climate zone 10 day water exchange rate is the
maximum value, if it is higher water becomes overgrown. This process is
accelerated by accumulation of biogens (nitrogen and phosphorus) and other toxic
elements, which is a characteristic feature for the whole Dnieper cascade water
storage scheme. Leading role here plays the change of sewage water content, the
impact of the latter being increased as the reservoir is emptied. That is why
increased water exchange at high content of polluted water will not be able to
improve hydromechanical and hydrobiological condition of reservoir.

The main negative factor of hydraulic scheme construction are consequences of
flooding of land areas, which vary depending on different storage volumes and
location (in mountain or plain area). At the present time there do not exist well-
grounded methods of economic analysis of these processes.

Economic feasibility of the results, including environmental protection activity, is a
problem mainly unsolved. One of limiting reasons for this is the impossibility asses
real costs and results. Various authorities are obviously not interested in investing
money or being responsible for results, which are often secondary and may be fully
obvious only in decades.

In the recent years a question has been risen about reduction of reservoir levels in
order to return back to agriculture flooded areas, this task requires thorough study
and grounding/ as it is impossible to solve it apart from a number of problems:
alternative solutions (dam construction), reconstruction of irrigation areas,
possibility to use soil with high content of harmful substances, the problem should
not also be treated apart from the use of water resource of the river Dnieper, and,
naturally, apart from reconstruction of the water supply scheme.
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Given our present situation the most complicated task will no doubt be to solve the
problem of stabilisation and consequent reduction of outer antropogen factor
influence. Attempts to solve this problem of reservoirs by changing operation
modes of reservoirs themselves, without deep knowledge about all internal
processes can give radically opposite result, as the outcome of any of the ways to
reduce reservoir level or increase water exchange rate by regular discharges may be
a concentration of contaminants.

In the recent years in Ukraine water consumption per one unit of any product
increased. This allowed the State water management committee to assume the
following increase of water consumption as of 2000: industry more than two-fold
increase, agriculture - 1.8, irrigation three-fold, which allowed to assume general
deficiency of water resources as of 2000 4 km3, by 2005 - 5km3.

Such a disproportion is largely explained by insufficient grounding of the existing
water consumption regulations, non-construction of water purification structures
and closed-cycle water technologies, absence of accounting of water utilisation
from sources and forced water resource control according to the wishes of water
consumers. Water has practically been free resource.

Increase of water consumption caused a pro rata increase of polluted non-
purificated discharges. Implementation of sewage water purification technologies
and multi-cycle water systems is not being performed satisfactory. In industry
where prevailing are concentrated sewage discharges it is absolutely impossible
from the point of view of ecology and economy, since costs of purification of
sewage water for repeated industrial use are much lower than purification costs in
accordance with PK (permissible concentration) to discharge them into rivers and
commonly used reservoirs.

This results in great national and social losses and are still not assessed in terms of
quantity. Requirement for efficient economy have not been supported legally and
have not made industry utilities to invest money in environment-friendly resource-
saving technology.

Today two directions of environmental protection activity aimed at restoration of
ecological balance are pre-planned: one of them is construction of environmental
protection structures and reconstruction of the existing industrial utilities and the
other is preventing the antropogen process development by efficient resources
utilisation. If second direction means stopping construction of obviously
environmental dangerous industries, is likely to start the forst is practically an
unsolved problem as it requires large-scale capital investments. The cost of water
purification structures is about 20 - 30% of the cost of main industrial structures.

Besides industry being a concentrated source of water pollution, it is a problem to
overcome distributed water polluters - drainage water from agricultural areas. The
problem of polluted drainage water in agriculture is directly connected with the
scope of water consumption. At last it has become clear that all irrigation works in
the nearest 10-15 years have to be focused on existing irrigation schemes upgrade
and improvement of irrigation technology. Existing irrigation causes damages to
fertile Ukrainian chernozem. There is a need for new equipment for undersurface
dispersion irrigation, requiring 5 - 6 times less water.
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According to scientific assessments at the present time in Ukraine non-feasible
irrigation uses about 4 km3 of water which equals to water deficiency throughout
the country.

According to the analysis of the problem of sanitary and hydrobiological condition
of the Dnieper river, made by Ukrainian scientists it is obvious that before
proposing some critical measure on reducing reservoir levels of their liquidation it
is necessary to implement measures affecting not only on the condition of reservoirs
by themselves, but also small and medium-scale Dnieper tributaries, condition of
which is even more dangerous. These measures, their efficiency being confirmed by
the world experience and reflected in the existing regulations and investigation
results, are not met. These measures are also efficient for agriculture.

In this way for a long period of time and in full discord with the existing
regulations the area of agricultural land has been increased at the expense of forest
areas and forest belts. Protective zones along river and reservoir banks have been
destroyed. At the beginning of 60's there has been a period when both our and
foreign «scientists» considered that forest belts reduce underground water level.
Forests in fact control underground water and humidity accumulation, in fact it is a
«green irrigation» method. Aforestation prevents fertilisers and chemical protection
substances for agricultural plants from getting into rivers together with drainage
water; in addition a slight decrease of agricultural land at the expense of forests and
forest belts will be fully compensated by increase of fertility. In reservoir-affected
areas forests control swamping and flooding, as well as overdrying. Restoration of
afforestations will positively affect the state of atmosphere.

It is possible to reduce flooding effect of reservoirs by their correct operation.
Designs of hydraulic schemes include construction of special underwater channels
in shallow places, which would prevent pestilence of fish; but as the rule they have
never been constructed. Even today it is not a big problem to make them using
suction dredges, and being constructed correctly they can facilitate formation of
local flows.

It is possible to improve sanitary, biological and hydraulic condition of reservoirs
and limit water overgrowing by implementing the following set of measures:

- limitation of poorly purified and non-organic discharges in these reservoirs by
implementing purification structures;

- construction of accumulating reservoirs for sewage water planted with plants-
biological accumulators with consequent periodic removal of these plants; use of
purificated water for irrigation;

- limitation of biogens coming with agricultural drainage water;
- annual removal of water plants in shallow places of reservoirs;
- removal of silt (cleaning of the bottom) where technically possible;
- aeration of reservoirs or their parts, especially shallow areas, including

recreation areas;
- controlled development of flora and fauna of reservoirs and neighbouring

territories; it has been discovered that plant-eating fish has useful impact as
biological purificatiors;
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- processing of seston (weighted plankton and remains of organisms) and water
plants to get different products (forage additions for animals, albumino-vitamin
additions, chlorophyll and carotene paste, pharmaceutical materials and forage
yeast).

Development of silt removal technology is a very sharp problem especially for
particular areas of Kiev reservoir contaminated with radwaste.

All these measures are expensive in terms of costs but in any case should be
performed as they will facilitate stabilisation hydro-chemical and hydro-biological
condition of the Dnieper reservoirs.

Once again should be stressed a problem of concentration - dissolution of sewage
water. Reduction of reservoir levels without simultaneous measures aimed at
decrease of non-purificated sewage water volume can negatively affect self-
purification properties of reservoirs and further jeopardise their ecological
condition. This problem also requires thorough study.

It is practically impossible to investigate or at least collect basic cost estimation
data for implementation of the whole above set of measures aimed at environmental
protection as well as to make quantitative assessment of their efficiency, moreover
their simultaneous implementation is impossible and their effect will be developing
over a big period of time and not only in water environment. This work may be
performed within the financing of national program involving big scientific,
designing and operation teams.
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SK97K0327
Preparation and Realization of HPP Zilina

by Frantisek CIZIK

I. Introduction
Considerations of prominent specialists in the world rarely agree in the opinion that a
human potential and affluence of energy at a reasonable price are and will be a decisive
factor for further development of mankind. Availability and a price of energy will
determine its future standard of living. Thus every society pays maximum attention to a
problem of supply with fuels and energies. A decision on energetic strategy of a state is a
decision on an economic stability. Availability of resources, their economic
advantageousness while not exceeding ecological barriers must be provided. A goal is to
determine economic rules and conditions for management with energies, to affect
distribution of resources in order to increase their economic and ecological efficiency
within a legal framework for a market economy. A goal is required to introduce programs
which affect distribution of revenues to the subjects of power economy directed by a state
whereas the electric energy price is determined by a state.

The government of the Slovak Republic in its policy statement declared, among others, to
deal with an increase in utilization of hydro power being renewed permanently, to speed up
construction of HPP Zilina. The Constitution of the Slovak Republic in its section 4 states
the following: mineral wealth, underground water, natural medicinal sources and water
flows are in the ownership of the Slovak Republic. Respecting the Act No. 119/96 of the
National Council of the Slovak Republic on licensing attendance and prepared acts on
power management (on licenses), the water management structures with power utilization
beneficial to the public are in the ownership of a state or a town during the whole time of
their construction and operation. A national wealth becomes a wealth only if it is used. To
support utilization, when approving the power concept, a goal was set, especially for
agricultural and economy departments, in the point B/5 of a Resolution of the government
of the Slovak Republic No.562/93 to solve completely preparation, construction and
operation of water management projects with a power utilization from the point of
legislation so that an increase in utilization of hydraulic power became entrepreneurially
interesting even at the mentioned conditions. No substantial progress has been reached in
solving this very demanding task (participated by the company limited by shares).

It is a fact that a power potential of water management projects does not meet the
requirements of power engineering in ensuring electricity consumption even if it is fully
used. With about 20% share in production, it covers the needs for regulating capacity and
regulating operation for the electric system of the Slovak Republic to a substantial extent,
especially after connection to an electric system of the Western Europe UCPTE. A
technical design of a water power project Zilina with a dispatching control from a
dispatching centre of SE a.s - Vodne elektrarne o.z. in Trendin, it enables its participation
in regulating needs of the electric system. Thus it is required to consider the objectivity of a
myth that only nuclear power plants are a solution to all needs of an electric system, that
resources are required to finance the heating sector and that it is necessary to wait some
time with a development of utilization of a hydropower potential.
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The offers from abroad in a phase of preparation of a hydro power project Zilina presented
its delivery date within four years without participation of domestic organizations in its
realization. At that time, due to an effect of fully new conditions for construction of large
hydro power projects - first of all a settlement referring to the rights of property with the
owners and providing a large amount of funds - a company limited by shares with a
specialized name Vodne dielo Zilina (Hydro Power Project Zilina) (VDZ a.s.) was
established, the founders of which claimed that they can accept and meet the offer of a
short delivery date from abroad and substantially more profitable from the point of view of
finance. A construction of the hydro power project at the end of the first quarter of 1997 is
shifted into a position in which the conditions for meeting the aforementioned delivery date
are getting into a real shape step by step.

II. Goals of a Territorial Decision
A decision on location of a construction of the Hydro Power Project Zilina was issued by
the Regional Office for Environmental Protection in Zilina on February 8, 1994. The
issuance of it was preceded by assessment of impact of the hydro power project on
environment by El A methodology (Environmental Impact Assessment) despite the fact that
the Act No. 127/94 of the National Council of the Slovak Republic on impact assessment
became valid only after issuing the territorial decision. After a survey of the site affected by
the construction, discussions with residents of the villages affected by the construction and
respective authorities of government, a null variant (not to construct the project) was
assessed with two final variants of a design of the hydro power project. A complex
assessment including offenses on an environment from the past is an assumption for total
improvement of a present state. The results of this highly evaluated assessment entitled the
Ministry of Environment Protection of the Slovak Republic to issue a positive stand point
to the construction of the hydro power project. The requirements resulting from the stand
point on impact assessment of the hydro power project on environment represent first of all
to build a substitute biocorridor, stabilize land slides of Dubefi, provide liquidation of
uncontrolled wastes in an inundation and in the areas affected by the construction, in
cooperation with the regional authorities to participate actively in building public utilities
in the affected villages (waterpiping, sewerage, introduction of gas) and to provide a
complex monitoring of the area of interest of the hydro power project Zilina.

Large constructions cause troubles to inhabitants in the area affected by the construction
especially during extensive building activities. Also for this reason, it is usual that within a
construction of a hydro power project designed for power utilization, the requirements of
the affected area which are not directly related to power production are also dealt with as
related investments (which could also be dealt with separately). Such as protection of the
area against floods, adjustment of outflow rates, creating conditions for shipping, urban
design of the affected area, waterpipings, sewerage, introduction of gas, recreation, etc.

The tasks specified in a decision on location of the construction are regularly checked by
regional and local authorities. Reports on a course of meeting the conditions have been
positive so far and problems are solved among respective participants to satisfaction of
those involved.
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HI. Building Part
Basic data:
Water reservoir

- reservoir length 7.2 km
- reservoir width 250 - 600 m
- total volume of the reservoir 17.9 mil. cu.m.
- live storage of the reservoir 8.0 mil. cu.m.
- water level fluctuations in operation 1,7 m
- max. water level elevation 352.0 m a. s. 1.
- reservoir dam - max. height 15,0 m, dam crest width 6.0 m, it is sealed with a

film joined to an underground wall
- water flows in the river Vah in Mojs:

Qlr average = 95.6 cu.m.s"1, Q100 = 2140 cu.m.s"1

Q100pm=i490cu.m.s"1

Q1000pm=1690cu.m.s"1

pm = after modification of influence of Lipt.Mara and Orava hydro power
projects.

The Vah river deepening

- the Vah river channel bottom deepening within a range from
0.0 to 9.0 m

- the river channel bottom width 45.0 m
- the changed river channel meets the requirements for shipping.

At present, after issuance of a territorial decision, Vodne dielo Zilina company limited by
shares with its founders Vodohospodarska vystavba s.p., Slovenske elektrarne a.s. - VET
o.z., Povodie Vahu Piesfany, s.p. and Vahostav Zilina a.s. gained the first partial building
permit for a hydrnode of the hydro power project on September 27, 1994. Consequently,
after handing over the site, the major supplier of the construction Vahostav Zilina a.s.
started with a building job. Since that date, the time for construction of the hydro power
project stated in a construction schedule for 4 years has started, i.e. the project will be
finished in October 1998.

At the beginning, the investor's and its maker's (its fiduciary Vodohospodarska vystavba
s.p.) activities were aimed at issuance of building permits step by step. It was especially the
work with settlement referring to the rights of property which belongs to the most
demanding work in preparation of the construction so far. Unsettled proprietary conditions
in the area of concern neglected in the past, uncertain competencies, still require an
excessive effort to provide land for the construction. First of all due to this reason, a phase
construction and issuing building permits step by step so that there was a harmony with
possibilities to purchase lands and also a schedule of a course of construction and
consequent commissioning of capacities were agreed upon. A construction of a
hydroelectric power plant and a weir started in the first phase and then deepenings of the
Vah river downflow the hydronode and the right hand bank of the Vah river.

Construction of family houses for relocation of inhabitants living in a flood plain is a
separate chapter. A construction of 140 family houses including 112 in a fully new village
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Nova Mojsova Lucka, 25 family houses in Rosinky and 3 family houses in Mojs are of
concern. A large amount of negotiations about technical details and details referring to the
property rights with respective displaced people (e.g. a house type selection out of more
than 20 types) had to be held before the actual construction. The following rule of
construction was accepted - for a house in a flood plain, one house in a place of relocation
with certain financial limitations (e.g. co-ownership with VDZ a.s. in a new house). This
very sensitive process took longer time than we had expected initially and due to this
reason relatively short period of time remained for the actual construction.

At present, nearly all of the building permits for the whole complex of the hydro power
project have been issued except a part of the left hand dam (a temporary conflict in moving
those relocated people), changes in the upper end of a reservoir and a demolition work -
houses of relocated people.

At the beginning of the construction, the investor had troubles with financing in the whole
first year of its course. At this time, the major supplier of the construction Vahostav a.s.
Zilina was helping to overcome the troubles by short time loans and thus to ensure a
continuous progress in compliance with the basic dates of the construction schedule. The
construction financing was, after considering different variants, finally settled in a form of
a state guarantee for a foreign credit for the hydro power projects Gabcikovo, Zilina and the
tank reservoir Tichy potok for Vodohospodarska vystavba s.p. Bratislava. The new
relationships between VDZ a.s. and VV §.p. (Vodohospodarska vystavba s.p.) resulting
from the foregoing are covered by a separate contract.

The hydro power project status of construction 2 and 1/2 years since the beginning of the
construction (at the end of the first quarter of 1997).
The major supplier of the construction Vahostav a.s. Zilina keeps the schedule of the
construction, both the date and objective performance of the crucial objects. 2,380 thous.
cu.m. of soil out of the total amount of 3,200 thous. cu.m. are built in the right hand dam of
the reservoir; 1,700 thous. cu.m. out of 2,900 thous. cu.m. are dug out from the deepening
of the Vah river; 193 thous. cu.m. out of the total amount of 220 thous. cu.m. of concrete
are built into the hydronode.

Relocation
Rosinky. The construction of 25 family houses is finished, a process of handing them over
to the relocated people from the flood plain in Hrus"tiny is taking place.

Nova Mojsova Lucka. The construction of 112 family houses is about to be finished,
technical facilities of the village (roads, electric lines, waterpiping, sewerage, telephone,
cable TV) are finished.

Mojs. 3 family houses are being built by the supplier.

The building job is in the stage which gives an assumption for putting the first machine
(TGI.) into a test operation by the end of 1997 and thus also finishing the construction in
October 1998.
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IV. Technological Part
Basic data:
The hydroelectric power plant

- two Kaplan turbines, turbine wheel diameter 4,800 mm, turbine absorption
capacity 2x160 cu.m.s"1, average turbine head 24.1 m

- total designed capacity 62 MW
- yearly production 173 GWh of electricity, mostly a peak one
- power output into 110 kV switchgear.

Weir
- three weir fields 3x12.0 m wide
- damming height of a segment 11.4 m, of a flap 3.3 m, total height of the gate 14.7

m, hydraulically controlled.

The complete technological part of the hydronode (hydroelectric power plant + weir) is
provided by the consortium ABB/VOEST ALPINE. Both the preparation and realization of
work in the construction are carried out in compliance with the signed contract and
according to a schedule of a progress of work which is evaluated regularly and respective
changes are dealt with efficiently without affecting the final dates. By the end of the first
quarter of 1997, the gate guides were built into the lower and partially into the upper waters
and a damming crane was assembled at the outflows from the hydroelectric power plant.
Parts of the segments of the gates in the first and second fields were assembled in the weir.
An assembly crane required for installation of generators and turbines is operational on an
assembly block. The stator of the first generator is finished, the turbine wheel of the first
Kaplan turbine is fitted in a shaft. Other technological parts are delivered according to the
schedule and there is an assumption to rotate the first set by the end of 1997.
Kaplan turbine.
A proof of guaranteed parameters of the turbine designed in the offer of VOEST ALPINE
was carried out according to the signed contract on a model at VOEST ALPINE MCE test
laboratories in Linz. A model measurement was carried out on a model of a turbine wheel
of Kplan turbine with diameter 350 mm. All of the measurements were carried out
according to a valid methodology IEC 995 and proved the parameters stated in the offer
with a reserve.
Some other basic data:

- emphasized efficiency ETA-W = 94.74%
- max. turbine rate of flow Qmax =160 cu.m.s"1

- min. turbine rate of flow Qmin = 50 cu.m.s'1

- average turbine head H = 24.1 m
- max. turbine capacity Pmax = 38.1 MW
- turbine runaway speed npmax = 400 rpm

Generator.
SAV 600/115/40 type ABB synchronous generator of a classical design is used which
meets all of the requirements specified in the project. Some of the basic technical
parameters of the generator:

- nominal apparent power P = 41.5 MVA
' - nominal voltage U = 10.5 kV ± 5%

- synchronous speed ns. = 150 rpm
- runaway speed np. = 400 rpm
- critical speed nk. = 480 rpm
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- power factor cos 9 = 0.85
- external stator diameter 7,600 mm
- internal stator diameter 5,968 mm
- total stator weight 60,000 kg
- external rotor rim diameter 5,470 mm
- weight of a rotor with a shaft 140,000 kg
- moment of inertia GD2 = 3,040 t.sq.m.
- stator and rotor insulation F class
- generator overload within a nominal capacity range

110% - 150% 12 minutes up to
2 minutes

- efficiency at a nominal voltage, frequency with mechanical, ventilation and
additional losses including the loss in an excitation system at 50% up to 100% of
the nominal capacity

97.33% up to 97.88%

V. Preparation of Putting the Objects into Operation
Based on articles and a statute, the Vodne dielo Zilina company limited by shares provides
work for preparation, construction and operation through its founders primarily.
Operation of objects of a water management part of the hydro power project will be
provided by Povodie Vahu s.p. Pie§fany and that of objects of a power part by Slovenske
elektrarne a.s. - o.z. Vodne elektrarne Trenfiin. Technical means for dispatching control
from Trencin are covered by a delivery of the hydro power project Zilina construction.
Negotiations on drafts of contracts for the a.m. work are being held at present.

VI. Conclusion
The main goal of an entrepreneurial association of power engineering institutions and water
management institutions in a form of establishment of the Vodne dielo Zilina company
limited by shares was to overcome controversial jurisdictional issues in mutual
relationships. Solving the differences in social missions of these institutions and
eliminating prevailing departmental approaches, there was an effort to reach unification of
forces, capacities and a capital to create a joint program of construction of hydro power
projects with energy utilization within mutual interests, economic possibilities and needs of
stock holders in the company limited by shares in the first step of construction of the Hydro
Power Project Zilina while respecting the interests of the whole society expressed in the
policy statement of the Slovak Republic, economization and profit, utilization of capacities
of domestic suppliers, monitoring and utilization of beneficial relations with foreign
partners to achieve better, insufficient so far, utilization of primary permanently renewable
power resources for a society in creating job opportunities for our industry and civil
engineering.

The results achieved in finishing the preparation and in realization of the Hydro Power
Project Zilina proved advantageousness of such approach even if an increasing presence of
eccentric competing interests should be mentioned. Integration of mutual interests within
the established company limited by shares means to create equal conditions for all of the
partners and not a power liquidation of specificities, specialties and individualities, both of
value and legal ones. To integrate does not only mean to join a new covenant but also to
create it together. A natural process of self-saving of subjects does not have to lead to
disintegration but also to searching for new forms of cooperation.
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Hydro power projects with power utilization must be built in such places in which there are
suitable conditions for their operation created by the nature on a stream. Their power
contribution is, as a rule, a contribution for the whole electric system. The part beneficial to
the public is a contribution for the region affected by the construction. During the
construction, they offer jobs not only, but especially, for the residents of the region affected
by the construction but also for workers in cement works, brickworks, steel works, and
other kinds of industries providing supplies for the construction, industry of services.
Changes in legislation supporting construction of hydro power projects with power
utilization, purchasing system and electric energy prices remain still unsolved. Energy
prices are distorted compared to relations in western market economies and do not allow
either reproduction of a production base or gain and pay back the credits and compound
interest. An additional idea of the state about financing the part of hydro power projects
with power utilization beneficial to the public from resources gained in operation of the
built objects without any form of easement of taxation and charges shifts a return of
invested resources behind a border of an entrepreneurial interest.
An economic efficiency of investment in the whole power engineering and thus also in
hydro power engineering shows up only in far-away periods of time. Thus the model of
financing the power-plant engineering development cannot be solved successfully from the
point of view of a short period of time but taking into account a long-term development
and a long continuous period of preparation and construction of power-plant objects.
Construction of hydro power projects with power utilization does not bring fast profits for
investors. Thus the model of financing the power-plant engineering development cannot be
solved successfully from the point of view of a short period of time but taking into account
a long-term development and a long continuous period of preparation and construction of
power-plant objects. But it is an investment which does not bring troubles with a product,
electric energy.
A look at programs of development of a further use of hydropower potential of streams in
the states of Europe is not affected by a lack of interest but vice versa by a considerable
support of a state for entrepreneuring entities even at a relative abundance of electric
energy in a domestic market.
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FREUDENAU HPP

Ecological Measures and Groundwater Management

By R. Huepfl and R. Kobzina - Renner

Donaukraft, the power utility developing the Danube in Austria together with its engineering
company Verbundplan-Danube Hydro Austria realize a new multipurpose dam in the city of
Vienna in using not only technical proficiency with particular concern for environmental aspects
but also significant steps to integrate various interested parties and scientists in the project.

Rudolf J.P. Huepfl a water management engineer is marketing director of
DKE/Danube Hydro Austria, Roswitha Kobzina-Renner is environmental manager
with Donaukraft and serves as senior environmental and landscaping engineer on the
Freudenau hydro scheme project.

INTRODUCTION

Freudenau HPP, the ongoing low head dam project on the Austrian Danube stands not so
much for its 172 MW or the future 1037 GWh/year in electricity generation like the other
dams of Donaukraft, than for the care which has been taken in its overall design concept
and its particular concern for environmental aspects including urban development
principles for the Austrian capital Vienna. Based on the many discussions following
heavy public opposition in the early 1980s, when Donaukraft started with the realization
of the Hainburg project, the technical team in cooperation with the Municipality of
Vienna started an interactive and integrative planning process with the aim of developing
generally accepted ways to construct run-of-river power plants which answers to
technical, sociological and ecological demands. The laid down principles guides the
project during all phases from design and construction up to operation. The site has been
declared an open one by the owner, which means the population has been invited to
follow the works by regular visits or from public look-outs. Besides that, for the first time
the authorities have not only set up a technical but also an ecological site control board
which monitor all stages of construction work.

ENVIRONMENTAL PLANNING PROCESS

Following heavy public opposition to plans for the construction of a dam at Hainburg in
the early 1980s the Federal Government of Austria set up an Ecology Commission. Based
on the recommended fundamental ideas about a dam in Vienna by this commission an
Advisory Board was installed by the Commission for City Development. This Board
advised Donaukraft and the City of Vienna to undertake a three level competition
including intensive citizens participation. Furthermore, based on proposals by the Board
an international panel (Danube Jury) headed by Prof. Sieverts, Darmstadt, Germany was
installed. To assist the panel, the Working Group Danube Area was created by the City of
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Vienna and Donaukraft. The working Group itself consisted of ten task groups, such as
city planning, landscaping, organization of the competition, water engineering, ecology,
citizen participation a.s.o. including experts from administration, Donaukraft and
independent consultants.
These three groups (Advisory Board, Danube Jury and Working Group Danube Area)
together with the Chamber of Architects and Engineers agreed mutually on the frame and
conditions for an international competition. The general concept, so far unique in Austria,
opened the competition for three groups

open class all peoples living, working or studying in Vienna
parallel class all experts being no registered consultants (engineer)
consultant class registered engineers including interdisciplinary experts

in the three areas of competition the Danubian area, the riparian landscape and the site
area. The first phase was concluded in March 1987. Whereas the levels Danubian area
and riparian landscape were continued in an expert opinion process, the hydro power site
went into a second stage competition. Both phases were combined with citizen
participation like open comments, polls, exhibition of the proposals and site visits. In the
first phase 4000 and the second phase 6000 citizens made written comments which were
considered during the decision process. For the site area 19 proposals in the consultant
class and 13 in the parallel class were submitted in the first phase. In January 1988 the
Danube Jury selected the proposal of the Wimmer-Schwarz-Hansjakob group of
companies for the site area and agreed on a guide project for the reservoir area which
included many proposals from the participants since no proposal satisfied the Jury totally
for this area.
Although the Environmental Act ( Umweltvertraglichkeitspriifungsgesetz, UVP-Gesetz)
became law only by 1993, Donaukraft prepared an Environmental Impact Statement
(EIS) voluntarily by February 1989. In 1990 the relevant Austrian authority (Ministry for
Agriculture and Forestry) asked the University of Soil Cultivation and Engineering (Uni
BOKU), Vienna to review this EIS. The university submitted its findings in an
Environmental Impact Assessment (EIA) detailed into several scientific fields, namely :
Water engineering and hydrology, Water conservation and sanitary engineering,
Limnology, Water quality and fish ecology, Land planning, Traffic planning, Inland
navigation, Landscape architecture and ecology, Botany, Zoology and finally
Climatology. The interdisciplinary expert team of the university however expressed in its
EIA some proposals adding to the submitted project. In considering this proposals there
would be no ecological - technical reason not to realize the project. Based on this positive
result Donaukraft intensified its information campaign towards the local authorities and
population by means of print media, radio and TV spots, direct information through staff
members in the streets, at events and by a telephone service. The activities culminated in
a referendum which took place from 14 to 16 May 1991 showing 72 per cent of voters in
favor of the scheme. With the approval by the relevant authorities to construct the power
scheme, not only the usual control instruments were established but also an ecological
monitoring site commission, working in the fields of forestry and limnology. Donaukraft

44



reinforced the ecological monitoring team with a biologist to complete the team in
consideration of terrestrial aspects.
Besides the official instruments Donaukraft installed an interdisciplinary expert team
from different universities to advise Donaukraft in ecological relevant disciplines during
detailed planning and construction.
Regular meetings with the inter-university expert group and site visits of the monitoring
commission lead to interactive results for design and their translation into action. Good
results were obtained in the renaturation of former technical straight river banks and with
protecting measures to local conditions such as regional and timely protected areas for
riparian swallows and amphibian. Furthermore site roads and sealing walls were adapted
when the commission found local habitat of sand lizards. Additionally, scientific work in
many fields at different universities was contracted but also inspired by the permission of
construction; its instructions and its ideas.

WATER MANAGEMENT CONCEPT

The construction of Freudenau HPP within the city of Vienna and its subsequent
installation of an adequate sealing system along the river banks would have changed
drastically the groundwater flow in the area and without preventive measures the
groundwater quality. To simulate groundwater flow within the project area in the
backwater a two dimensional ground water model was developed by Donaukraft's
engineering company Danube Hydro Austria (jointly owned with Verbundplan). The
project area (about 25 km2 in size) demanding for a sound and field proof ground water
management and monitoring system is located on two districts of Vienna, which form an
island between the Danube river and the Danube canal. After impoundment the reservoir
water level will increase by 8.3 m at the dam site and 2.8 m (at the branching out of the
Danube canal) at upstream. The sealing walls have to prevent not only flooding of
basements in the densely populated area but also to avoid direct infiltration of pollutants
into the ground water. In order to keep the ground water regime in a predefined dynamic
state a fully automated management system, assisted by on-line water quality
measurements including a biomonitoring system was installed. The outline of the concept
allows for an early warning system for ground water management.
The realization of the recharging system added more than 12 mil. USD to the construction
costs of Freudenau HPP and has been honored with a nomination to the Austrian State
Price for Consulting 1995.

By-pass creek for ecological measures

Based on first ideas to create a by-pass creek for canoeing the sport facility has been
dropped in favor of an ecological tributary which functions also as a fish pass. To
surmount the head of about 8 m a creek system some 800 m in length branching into
several arms and including a pool system for migratory fish is foreseen. The success of
the pool system will be monitored automatically. Preparatory scientific analysis revealed
the existence of 51 different fish species in the project area of which 49 species live in the
main river. The results are based on a total of 1022 single tests and about 28 000 fish

45



PAGE -4

catched during a period of 3 years. The flow in the by-pass will vary between 1.8 and 3.6
mVsec according to the natural flow conditions in the Danube. The water supply of the
fish pool system will be a minimum of 0.5 mVsec. However, to allow for second hand
natural morphologic structures in the by-pass creek at certain events a bed forming flow
of about 7 mVsec will be released in combination with artificial bed load recharge.

Near-natural contouring within an urban landscape

The interactive planning process as described above led to solutions integrating demands
from various laws and recognized ecological principles. Whereas the Conservation Code
of Vienna asks only for certain areas or single elements to be protected but the Federal
Water Code demands for a general protection of the environment especially the
ecological capacity of the effected river system i.e. the Danube and its tributaries. When
the design process started the river banks showed all kinds of landscape next to each
other. Protected areas such as the Toter Grund ( a remaining dead water branch with
riverain wood ) or the Prater ( a historic park with elements of a former flood plain forest
) alternated with industrial ruins along the river banks forming the old river port of
Vienna ( bombed out or abandoned oil storages, hangars and other industrial plants ) and
antropogen formed parts with multifunctional signification such as restaurants, fisher
huts, wharves, pedestrian greenways; all of them superimposed by the Vienna flood
control scheme. The back water design concentrated on two principles. Recreation of
ecological interesting zones manly on the left bank and urban planned areas on the right
bank. Following this principle the right bank is formed by activity driven infrastructure
such as restaurants, a big hotel, marinas, wharves for tourist ships, promenades and
bicycle lanes, a Buddhist temple with monastery completed with city parks. Several new
bridges over the river will lead to the recreational area on the left bank. The former
technical straight left bank with groynes undergoes major changes into irregular
contouring. Along this bank various elements of river landscape guided by ecologists are
recreated. Typical river islands, peninsulas, shallow waters, bays and beaches are
contoured with local bed material to allow for a maximum of shore line. This riparian
zone, the transitional area from water to land, plays the ecological most active part. The
extension of this ecotone not only balances the loss offish breeding grounds but creates a
series of different habitat for water related fauna and flora. As far as possible, the
planning concept takes care for natural succession. Special care was given to existing old
trees which influenced local infrastructure measures in a way that they could be
preserved. If the new reservoir level will not allow for their future living conditions they
were short term protected by means of fine landfill material. Once they die because of
standing water the natural regeneration will close the gap and keep the existing tree belt
in its actual appearance. The dead wood will remain at place to allow for colonization
with organism.

GROUND WATER MODELING

In 1986 Donaukraft embarked for extensive groundwater measurements. Up to now, 101
groundwater and 11 surface water gauges are regularly monitored and interpreted. The
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values for 1987 to 1991 have been used for determination of relation between river levels
and groundwater levels. The Danube water levels of 1965 to 1993 at Reichsbriicke had
been used for interpretation of river flow and further statistical analysis. The results
showed characteristic levels at mean flow with higher water levels in spring time and
maximum levels in summer, low levels in autumn and winter, marked floods in summer
but also in winter and no floods in September. The simulation of the instationary
groundwater flow was crucial for the development of the mathematical model. All data
from borings for the gauges but also the complete data bank for underground data of the
municipality have been integrated into the model. Short pumping tests were made at some
groundwater gauges in addition to the already existing pumping tests. The model has
been corrected with rain gauge data from two stations within the model area. The first
automatically calibration took place in 1989, with the data of 1987 only. First results
concentrated on the balance between the river and the aquifer and the placing of the
future wells. From 1989 to 1993 a pilot test, where all situations could be tested was run.
When Donaukraft applied for the concession the model was reviewed and more data
added. For the data set of 1987 to 1991 the model was used to simulate and optimize the
planned groundwater management system. The essential task was to determine the
distance between the well pairs also in relation to their capacity, extreme levels were
recorded and optimized and special attention was given to investigate on the best intervals
for the operation of the pumps including the total pumping time to guaranty the flow
balance. From August 1994 to May 1995 a trial run, monitored by the relevant
authorities, showed the success of the system and good agreement between the measured
results and the mathematical model. Once, fully impounded the hydro power scheme will
operate 21 pairs of wells. To allow for full flexibility 13 more sites for wells have been
retained. The management system became operational according to schedule with the first
part impoundment in the reservoir by March 1996.

Prater

The imponding of the Freudenau backwater reservoir allows for direct water supply to
counteract the lowering groundwater level in the Prater woods of Vienna, an important
green lunge of the city. To revitalize the dryingout dead water branches of the Danube in
the Prater area, four more wells which supply these old arms through direct recharging
were installed. The automatic working pumping stations are connected to the
computerized on-line model. This means, that pumping periods, direction of water flow
(out of the Danube or back into the river) and the quantity follow the observed and
simulated behavior of the groundwater flow as registered and calibrated in the situation
without power station. The model however takes into consideration to recharge the
aquifer during low flow conditions and avoids high ground water levels during floods in
the Danube. The limits are set not only by the ecological demand for the riparian
woodland but also by the existing foundation levels of the many garden houses to avoid
flooding of basements. Therefore it is planned to raise the annual mean level by about
0.30 m. The maximum recorded recharged ground water level so far was 1.40 m above
natural low water level. The intention of the recharging system is not to push back the
ecological system into the riparian ecosystem which prevailed before 1875, the year of
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the regulation of the Danube in Vienna, but to allow for vitality and longevity of the
typical riparian trees and the ecological characteristic of the Vienna Prater.

WATER QUALITY MONITORING

Ground water quality monitoring is assured by means of three on-line monitoring
stations, located 4.3 km, 7.29 km and 11.48 km upstream of the dam. Additionally
another three monitoring station for river water themselves located 11.48 km, 17.59 km
and 28.13 km upstream control the water as far upstream as to the dam at Greifenstein
HPP. The analytical program integrates furthermore about 299 groundwater wells and 87
surface water sampling stations throughout the water management area of the Freudenau
HPP. The results obtained in the on-line stations are registered at site in a local computer
but also lodged into a central computer which operates the system for recharging
operations and controls the alarm levels. The following on-line measured parameters have
been defined for being representative for the river and ground water:
Physical parameters such as pH-value, redoxpotential, electrical conductivity,
temperature and the spectral absorbtium coefficient
Chemical parameters such as oxygen, dissolved organic carbon, ammonium and total
hydrocarbons.
Additionally, one station is equipped with a dynamic daphnia test and frequent regular
filtered and unfiltered water samples are taken in two automatic sampling units.
An intensive program for water quality monitoring started in 1989. The test run for the
system started in August 1994 and lasted about 18 months. During this test, integrated
mix samples were prepared for detailed physical, chemical and microbiological analyses
according to a specific time routine. The results obtained served as basis for the threshold
values (recharging discontinuance limit) and that they could serve as an efficient early
warning system. Since these threshold values as well as the real time concentrations are
rather low the commercially available instrumentation had to be adapted and modified to
accomplish the analytical needs. Once an alarm is given, the collected samples are not
only analyzed in more detail but due to the physical, chemical and microbiological
parameters found in connection with geographical and time occurrence of the
contamination plume we are confident to locate exactly the polluter. On the other hand
the alarm system is connected to a number of national and regional accident emergency
alarm warning offices and services to allow for clean up and remedial measures.
Additionally all abstraction wells of the management system which recorded overshoot
threshold values are flushed automatically to avoid any infiltration of toxic substances
into the aquifer.

BIOMONITORING

It is widely known that pollution events tends to be rapid in onset and vanish almost
quickly., The biological monitoring system is designed to provide an information
feedback loop from the river ecosystem to indicate that a pollution event has occurred. In
adding biomonitoring to physical and chemical sensors a rapid response in a broad band
indication of anomalous water quality is given. The pollution might be of biocidal organic
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•r inorganic reason. Donaukraft decided to install the 'Dynamic Daphnia Test', a very
ensitive, automatic biomonitoring system for continuos water quality control. In this test
le swimming behavior of 24 hours old healthy water fleas (Daphnia magna) kept in situ
iver waters are continuously monitored by means of infra red light sensors. If a
ontamination in the river occurs the normal behavior pattern of the animal tend to
hange ( hyper or low activity ). Predetermined measuring cycles ( 15 min. ) detect such
lehavioral changes via the mentioned optical sensors and set dynamic alarm which in
heir turn shut down the operation of the installed ground water system. The
>iomonitoring alarm system works in parallel to the installed on line quality monitoring
ystem of bank filtered ground water in the other stations.

IABITAT MONITORING

3ased on limnological investigations configuration of existing or former existing sand
>anks including their sediment fraction were adapted to the situation after imponding to
lllow for re vital ization of the river ecosystem. The development of the ecosystem in all
•elevant structures in the bank area including the by-pass creek are to be monitored in
defined sequences as long as the concession for the Freudenau HPP exists. If negative
-esults of the measures reveal, the project owner is asked to adjust the situation in
;ooperation with relevant scientists. There are ongoing discussions between various
experts how far the created ecological measures are to be maintained or left for a
successional process.

STATUS OF THE FREUDENAU PROJECT

On the Freudenau site all activities follow the planned construction schedule. The first
unit will start generation in October 1997 after 60 months of construction time. The full
operational water level in the reservoir will be established in October 1997. In the
reservoir area environmental and landscaping activities concentrate on the western parts
between Vienna and the upstream dam at Greifenstein. Within the City of Vienna all civil
works along the banks are near completion, only recultivation in some areas remain to be
executed early 1997. As the last of three bridges, the six lane highway bridge of the ,,Sud-
Ost Tangente" will be lifted hydraulically by 1.80 m in mid 1997. Some additional
projects, not included in the hydropower project and initiated by the City Administration
such as a new marina will be completed in accordance with the imponding schedule.
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PRESENT STATE OF HYDRO POWER DEVELOPMENT IN AUSTRIA

The Austrian electricity supply is based on a combination of hydro and thermal production with
the main contribution coming from hydro power. About 70 % of the total Austrian electricity
demand is covered by hydro power. Thus Austria ranks second after Norway (almost 100 %
share of hydro power) in Europe. Due to its location in the Alps, Austria has an exploitable
hydro power potential of approx. 56 TWh/a (including small plants and renewals) of which
only about 70 % is being used at the moment. Thus there is quite a remarkable potential that is
still to be exploited mainly in Tyrol and along the Danube east of Vienna. Yet, even though the
positive sides of this pollutant-free domestic energy source that guarantees autarchy through
its continuous renewability are generally known and acknowledged, we are no longer in the
Seventies when everbody was enthusiastic about further hydro power exploitation. The fact
that the further exploitation of hydro power is on the back burner nowadays is primarily due to
its high costs. Production costs from new plants are no longer justifiable by themselves. They
have to be seen in the context of a generating park with old run-of-river power stations which
due to their long life time and low capital costs are able to produce at 25 - 30 g/kWh
(generating costs for the Danube power station Freudenau would amount to 110 g/kWh in the
first year of operation). In addition, hydro power has to compete more and more with thermal
power. Thanks to new technologies to increase efficiency through the use of gas turbines in
combined cycle or gas and steam power stations, production from thermal power stations is
noticeably cheaper today. Investments for such plants in series production only amount to a
fraction of the costs of new hydro power stations. In addition, prices for gas and oil, and thus
generating costs for electricity, are still at a low level. Electricity produced by nuclear power
stations is presently even cheaper and thus it is not surprising that Austrian utilities hesitate to
invest in new hydro power projects especially in view of the forthcoming liberalisation and
opening of electricity markets within the European Union. Therefore they mainly concentrate
on improving the efficiency of old plants (e.g. increasing rated discharge, head or turbine
efficiency), mostly in the course of routine renewals. Even though authorised, new projects are
not undertaken at the moment merely on grounds of economic efficiency.

In order to stimulate the further exploitation of hydro power, fuel costs for oil and gas would
have to be noticeably raised at simultaneous reduction of costs for hydro power plants. From
the strictly technical point of view, cost reductions - even when reducing safety and availability
requirements - are of minor importance. Hydro power plants can never be produced in series
production and at the same time they are multi-purpose plants serving - apart from electricity
generation - also for improving conditions for navigation, bed stabilisation ( on the Danube),
ground water management, flood prevention, drinking water supply and infrastructure. Thus
they are important for the national economy and environmental protection measures account
for up to 30 % of total plant costs. Accompanying ecological measures are nowadays an
absolute must in state-of-the-art power station planning and they have to be paid for. Attempts
to reduce the costs should be directed towards cost sharing in view of the plant's multiple
advantages: those who draw advantage from the plant should also participate in the financing.
So far financial contribution was only made by the Federal Government for the improvement of
conditions for navigation on the Danube. In the case of the power station Freudenau the
Republic of Austria provided for ATS 1.5 billion, for previous plants the contribution
amounted to some 30 % of total costs. In case of the joint venture Wolfsthal-Bratislava on the
border between Austria and the Slovak Republic a group of Slovakian and Austrian experts
fixed the cost ratios for energy, navigation and other uses at 50 : 30 : 20.
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