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8. LIST OF ABBREVIATIONS - - 374 in 2018 by the National Heritage Institute’s Methodological Centre for Industrial Heritage with contributions from
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cepts of relevance to industrial heritage, criteria for evaluation, methods of research and documentation, and some
key trends in managing industrial heritage.

The present publication applies these general principles to a specific field of activity — water management - and
takes into consideration its specific features:

- it outlines the history and development of water management,

- it presents a basic typology of sites and buildings associated with water management; these often overlap into
other industries and fields of activity such as power engineering and transportation,

- it sets out evaluative criteria for assessing the heritage values of these sites,

- it presents the current situation regarding heritage sites whose origins and functions are connected with water
management,

- it gives practical examples of how these sites are managed,

- it offers general recommendations with regard to the renovation and protection of these heritage sites.

The purpose of this publication is to serve as a guide and a tool for heritage management experts, museum staff,
administrative authorities, investors, architects, designers and owners of water management sites - whether these
sites are legally protected or not.

This guide was produced as a collaborative project by the T. G. Masaryk Water Research Institute, the National
Heritage Institute, the Faculty of Science at Palacky University in Olomouc, the Institute of History at the Czech
Academy of Sciences, and a number of experts and consultants from outside these institutions.
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1. INTRODUCTION TO THE FIELD OF WATER MANAGEMENT

1.1 DEFINITION OF THE TOPIC AND SCOPE OF THIS PUBLICATION

This methodological publication focuses on water management sites/buildings, which it assesses from the per-
spective of heritage management. It offers a basic grounding in the field, a typological overview, and tools for
evaluating water management sites. These sites are defined (see chapter 3) as buildings or technical equipment with
functional structures which perform one or more water management functions. A water management building may
stand separately, or it may form an integrated part of a larger functional entity.

This publication is divided into nine chapters:

- 1. Introduction to the field of water management. This opening chapter defines the topic and scope of the
publication and then presents a brief historical overview of the development of water management, focusing
particularly on the early phases and the specific features of water management in the territory now covered
by the Czech Republic.

- 2. Current state of heritage protection at water management sites in the Czech Republic. This chapter pre-
sents the water management sites and structures that are currently subject to legal heritage protection in the
Czech Republic (around 700 items), both separately standing structures and those that form part of a larger
entity.

- 3. Evaluation of water management sites from the perspective of heritage management. This chapter focuses
on several specific aspects: typological value, value deriving from the technological flow (process), value deriv-
ing from systemic interconnections and functional authenticity.

4, Description and evaluation of selected water management groups and structures. This is the longest chap-
ter in the book, presenting a classification of water management sites (buildings, structures). It is intended to
provide a grounding in the typology of the field, and is divided into six sub-chapters:

4.1. Dams,

4.2. Small water reservoirs,

4.3. Waterways,

4.4, Buildings/structures exploiting hydropower (water wheels, water turbines, hydroelectric power plants),
4.5. Water works (water supply structures),

4.6. Sewerage and water treatment.

Where possible, this chapter gives information on the number of existing examples of the basic types as well
as their oldest surviving representatives in the Czech Republic. It provides illustrative examples of typical
(common) uses of the individual types, and also of exceptional (typologically unique) uses. The chapter also
includes examples of functional complexes and presents comprehensive evaluations of selected sites applying
the set of evaluative criteria presented in chapter 3. Each of the sub-chapters concludes with an overview of the
representatives of the particular segment of water management that are currently legally protected heritage
sites. Water wheels are an exception; the large majority of them are not legally protected in their own right,
but rather as part of larger industrial buildings and sites that fall outside the purview of water management
(e.g. water mills, hammer mills, sawmills, fulling mills, etc.).

INTRODUCTION TO THE FIELD OF WATER MANAGEMENT | 11

5. Examples of the preservation, renovation and new use of water management structures. This chapter
presents examples of how legally protected heritage sites or complexes have been dealt with; some of them
continue to serve their original purpose, while others have been transformed and now have new functions.
Selected examples of various types of buildings and sites also draw attention to the possible problems that
heritage specialists may encounter when protecting industrial heritage sites (e.g. conflicts between the inter-
ests of conservation and functionality). This chapter also summarizes general principles and recommendations
regarding the heritage protection of water management sites.

- 6. Conclusions.

- 7. The Bibliography contains a list of the published and unpublished sources used in the work, as well as
pointing out sources of relevance to those wishing to gain a deeper insight into the field.

8. List of abbreviations.
9. Subject index.

It should be noted that this publication is very brief, considering the breadth of the field it addresses. It does not
address a complete range of topics that are relevant to water management; particularly, it omits spa technology,
alterations to watercourses and amelioration-related structures. Some of the topics frequently encountered by herit-
age specialists could also usefully be addressed in greater detail in separate methodological publications (such as
water wheels and the hydraulic structures associated with them).

1.2 A BRIEF HISTORICAL ACCOUNT OF THE DEVELOPMENT OF WATER
MANAGEMENT

The emergence and development of human civilizations was accompanied by the development of systematic ac-
tivities involving the widely varying exploitation of water sources by society, as well as providing protection against
the potentially destructive effects of water. Humans have pursued a wide range of water exploitation- and manage-
ment-related activities since ancient times. Annual floods were a key aspect in the development of sophisticated
civilizations in Mesopotamia and Egypt. The same floods became symbols of the ambiguous relationship between
humans and water. On the one hand, they manifested the life-giving function of water, yet on the other hand they
demonstrated the destructive force of water as an untamed element. It is a natural human desire to intrude on the
natural order of the world, to shape the world in line with humanity’s own needs and ambitions - and it is likewise
natural that people focused this desire on water as the development of civilization increasingly offered means of
doing so. The ideal was to strike a balance - to achieve a state in which the utility of water was maximized while its
threat to civilization was minimized.

The first man-made hydraulic structures were created in the early phase of the ancient civilizations that lived in
the basins of the Euphrates, Tigris and Nile. They comprised systems of irrigation canals, which channelled water
away from the immediate vicinity of the rivers into previously barren areas, enabling agriculture to develop in these
areas. As these civilizations developed, a more effective form of water management evolved, as isolated projects were
replaced by a more systematic approach. The first historically documented water management plan was commis-
sioned by King Samsu-iluna (who reigned approximately from 1750-1712 BCE), the son of the most famous Baby-
lonian king Hammurabi. The plan incorporated irrigation canals, water supply channels with distribution networks,
the regulation of the Euphrates, the creation of a lake near Babylon, water supply systems for 27 gardens in the city,
a royal bath-house, and the construction of numerous water wheels for tradespeople. The planned structures were
built over a period of 16 years. The early codification of water management reached such levels of detail that ancient
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Mesopotamian kings issued laws stipulating how much water individual farmers could take from the irrigation chan-
nels, and when they were allowed to access the water (Beran, 2006).

Comparable processes also took place in ancient India and China. Dating back to around 2600 BCE are the
remnants of the urban settlement of Mohenjo-daro in the Indus Valley (now Pakistan). The sophisticated terracotta
sewage network, which connected houses with bathrooms and flushing toilets, could certainly not have been built
without water management plans. In China, we know of the plans for the regulation of the Yellow River and the
Yangtze River. These rivers flooded on an almost annual basis, affecting huge areas and drowning thousands of
people. The first emperor of the unified China, Qin Shi Huang (260-210 BCE), launched a number of massive build-
ing projects to create irrigation canals and systems that supplied water to many thousands of square kilometres of
agricultural land. The first reservoirs in China date back to around 2000 BCE. At approximately the same time, fish
were introduced to similar reservoirs, creating proto-modern fish farming systems (Beran, 2006). The first dams are
sometimes said to date back to around 3000 BCE in ancient Egypt, though dams were also being built around the
same time in Mesopotamia and the Middle East. One example is ancient Palestine, where the local Canaanite tribes
addressed water shortages by building small reservoirs to capture rain water (Lemche, 1998).

It was the Romans who perfected the system of water supply in ancient cities. They built huge aqueducts span-
ning entire valleys. The use of water in Roman cities combined utility with aesthetic appeal in the form of ornamental
fountains. The first known aqueduct, the Aqua Appia, was 16.5 kilometres long. It was built in 312 BCE by Appius
Claudius. During the imperial era, Rome had 12 aqueducts supplying a population of around 900,000; they were man-
aged and maintained by 700 employees. Augustus Octavianus Caesar built around 700 public wells, 130 fountains
and 150 aqueducts. He uttered a well-known statement: “The Roman Empire is built on roads and aqueducts. It is
only an aqueduct that can turn a village into a city.” In 97 CE the emperor Nerva appointed the first Roman water
commissioner, the engineer Sextus Julius Frontinus. This “curator aquarum” drew up a plan detailing all the Roman
aqueducts, which had a total length of 404 kilometres, and he also issued the first treatise on water management, De
aquatictus urbae Romae. In order to prevent wastewater from polluting cities, many ancient civilizations elaborated
and implemented sophisticated plans for sewer systems to remove wastewater. The most famous sewer system in the
Roman Empire was the Cloaca Maxima in Rome. It was originally an open channel, but during the imperial era it was
covered over. The Cloaca Maxima was up to three metres wide and four metres deep (Hopkins, 2007).

The subsequent centuries brought turbulent changes in Europe, and the decline of ancient civilization into the
“Dark Ages” also affected the relationship between humans and water. The Roman aqueducts and baths were de-
stroyed by the Goths, Langobards and Vandals. In the absence of aqueducts, the local population had to make do
with wells (often with tainted water) or supplies taken from: rivers and streams. Instead of sewer systems, there
were ditches in the streets. This situation (which is characterized here in general terms, and is thus necessarily
not entirely precise) lasted in Europe for more than a thousand years - a period during which the ChurcHs dogma
encouraged people to view care of their own bodies (and the related health benefits) as a potentially sinful form of
activity, associated with secular “vanity” — which was contrasted with the eternal virtues that existed beyond the
physical world. The consequences of these attitudes included plagues, which killed up to a third of the population
(Bergdolt, 2002). For example, the Bohemian chronicler Kosmas wrote that in 1083 a third of Bohemia’s population
had perished in a plague.

Of course, the “Dark Ages” in Europe did not involve a complete leap into darkness; knowledge of many of the
achievements of ancient civilizations was preserved by Christian (and also Muslim) scholars and their libraries, and
this knowledge became the basis for future progress. In the territory that is now the Czech Republic, medieval towns
and cities possessed good water supply systems; underground channels brought water (of varying quality) to private
or public fountains. However, towns and cities found it difficult to remove wastewater. This was highly detrimental
to hygiene, and (along with the presence of municipal waste) it was the most significant cause of infectious diseases.
Municipal water supply systems are documented e.g. in the Bohemian town of Zatec (Saaz); the first mention of
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such a system, taking water from the Ohre River, dates from 1386, and a document from 1489 describes the produc-
tion of wooden pipes connected together with wrought iron rings. The city of Brno (Briinn) had three water supply
sources. One took water from the Svratka River below the Puhlik hill (now Denisovy sady), the other channelled
water from the Cimpl hill to the municipal fountain at the vegetable market (Zelny trh) and the city’s lower square,
and the third (known as the Carthusian conduit) supplied water from the large Geisper pond, which was located near
the Carthusian monastery in what is now the city’s Kralovo Pole district (Gottwald et al., 1972).

Hydropower was used to drive water mills - first in the Near East, and later also in Europe. In the second half of
the 3rd century CE there was a large mill in the French city of Arles (Nechleba, 1962). In Bohemia, the first water
mills had been built by the beginning of the 12th century (and according to legends, as early as the 8th century).
The first documented water mill existed by 1100; it is no coincidence that the mill was located near the monastery
in Hradisté nad Jizerou, evidently established by the Benedictine Order. However, water wheels were not only used
for milling grain. Hydropower was also used at sawmills, crushing mills, oil mills, grinding mills and hammer mills.
Milling (and the use of water wheels) grew substantially during the era of Charles IV, who issued a law that provided
support for millers. It was thus during the 16th century that milling (like fish farming in ponds) experienced its
greatest boom in Bohemia (Frajer, 2008).

Many authors consider fish farming in ponds to be the most typically Bohemian phenomenon in the history
of water management. To be more precise, the pre-phase in the development of water management in Bohemia,
Moravia and Habsburg Silesia (the Bohemian Crown Lands, covering the territory of the present-day Czech Republic)
is closely linked with the creation of fishponds, primarily from the 15th-17th centuries. Fishponds were already
a widespread feature during the Middle Ages, and the systematic construction of ponds on the estates of secular
landowners and the Church became common during the reign of the Luxembourgs (1310-1437). Prominent exam-
ples included the construction of ponds in the Pardubice region under the reign of Charles IV - a project which could
not have been implemented without water management plans. Nevertheless, the creation of a more comprehensive
water management system only began in the 16th century, a period associated with several important designers
and builders of large hydraulic structures (including Stépanek Netolicky, Kunat Jr. of Dobienice or Jakub Kréin
of Jel¢any). This system comprised the watercourses (rivers, streams) which supplied water via complex systems
of river weirs, conduits and drainage channels, thus enabling people to control the supply of water into reservoirs
where it was stored. A key difference compared with the situation in the Middle Ages was the removal of the obsta-
cles caused by the fragmented ownership of land. In the medieval era, a single village was often divided among two
or more owners. This made it unviable to build larger-scale hydraulic structures on the estates of the minor nobility,
as changes in the water regime would affect land held by several owners, and this naturally caused difficulties when
attempting to reach agreement on a shared approach. Moreover, watercourses often marked the traditional bounda-
ries between estates. A further obstacle was created by the legal reality of the era; during the Middle Ages, property
was viewed as essentially a temporary asset, as many “owners” in fact only possessed their estates in the form of
a fief or an object of lien, and they had no assurance that the property would be inherited by their children. In such
a situation, investing in earthworks was not viewed as a worthwhile activity.

By the beginning of the Early Modern Era, the situation had changed. The wealthiest aristocratic families now had
a relatively secure hold over extensive assets, and the monarchy had ceded many of its medieval-era land rights to
the aristocracy. It is therefore unsurprising that in the Bohemian Crown Lands during the 16th century, fish farming
in ponds was almost exclusively a form of economic activity pursued by the aristocracy. The specific legal situation
that existed at the end of the 15th century facilitated the rapid creation of large, territorially cohesive estates, whose
owners had adequate assurances that any investments would be sustainable in the longer term. This was an impor-
tant precondition for the creation of large hydraulic structures. Investors had no need to fear becoming embroiled in
disputes if areas of land were submerged or water conduits were built, and their investments were unlikely to lose
their value. The creation of a pond system began with the construction of a weir on a river that served as the sys-



14 | METHODOLOGY FOR CLASSIFICATION AND EVALUATION OF THE INDUSTRIAL HERITAGE - WATER MANAGEMENT

tem’s main water source. The weir raised the water level in the river to the required height, and diverted it from the
main watercourse into a channel which fed it into the ponds. For smaller man-made reservoirs, small streams were
adequate as water sources. Systems of fish farming and distribution became established in the first half of the 16th
century and lasted until the outbreak of the Thirty Years’ War (1618), because this use of the ponds continued to be
a useful form of economic activity. Nevertheless, by the beginning of the 17th century it had become evident that the
golden age of Bohemian fish farming was over, and major new investments were instead directed into other fields of
activity. It became more economically viable to drain the ponds for good and plant grain on the land. Weirs, sluice-
gates, dykes and supply conduits thus gradually succumbed to dereliction. By the late 18th century only a fraction of
the original ponds remained to be drained as part of the Josephine reforms (Vorel, 2007). The only substantial pond
system to survive on a regional basis was in South Bohemia, where the ponds became an important component of
the local identity (Rozko$ny et al., 2015).

PrThe first elements of the water management system in the Bohemian Crown Lands became separated from
each other with the onset of the industrial revolution, as people needed increasing quantities of water for use in
industrial activities. There was an emphasis on the effective exploitation of water, drawing on findings from the
expanding fields of science and medicine. As such, the construction of sewer systems was a characteristic feature of
water management during the 19th century. The development of Prague’s sewer system is associated with the name
of Count Karl Chotek, who during the first half of the 19th century drew on plans produced by his father Johann
Rudolf and created a sewer system in the Bohemian capital. The construction of the system began in the Hradcany
(Prague Castle) district and gradually expanded to cover parts of the Mal4 Strana area and the Old Town, as well
as the district of Na Frantisku. The overall solution of the city sewer system became a topic until the end of the
19. Century. Even later, the water network was finished. The water supply situation in Prague was partially addressed
shortly before the outbreak of the First World War (1914 was the first year in the city’s history that its people were
able to use water that was genuinely safe to drink), and the system was finally completed during the second half of
the 20th century.

The technical achievements of the industrial revolution, and the related attempts to intensify agricultural produc-
tion and increase yields, affected (and sometimes disrupted) the water regime. This led to technically sophisticated
interventions, which were carried out for the purpose of removing surplus water during periods of flooding and
also to irrigate land during dry periods. In this connection we can speak of the first amelioration-related structures.
For example, there are records of drainage ditches created in the 19th century by the municipal authorities in the
South Bohemian town of Podivin on municipally owned meadowlands, or drainage ditches maintained by residents
of Mikul¢ice and Moravska Nova Ves (South Moravia) to improve drainage conditions and channel water away
from the Stupava River (today the Kyjovka River) in periods of flooding. These ditches are marked on indicative
sketches dating from 1827. One project worth mentioning was designed by the Viennese engineer J. Hobohm, who
proposed the creation of a network of ditches in the vicinity of springs in order to slow the flow of water away from
the spring, reduce the force of the current and retain the water within the landscape (Binova, 1992). However, in
practice the opposite trend gained the upper hand; this trend — which was promoted in agricultural textbooks from
the beginning of the 19th century - involved the cultivation of so-called “barren land”. Considerable attention was
thus devoted to draining marshes and carrying out amelioration work. These artificial interventions disrupted the
natural water regime by accelerating the removal of water from the landscape and then returning the water to the
land (a complex and demanding process) for purposes of irrigation during dry periods. In Moravia, it was the Liech-
tenstein estates that undertook the first major and systematic amelioration projects after the middle of the 19th
century. The Schwarzenbergs undertook similar projects at their large South Bohemian estates, as did the Palffy
family in Upper Hungary, today the Z&horie region of Western Slovakia (Vesely, 2017).

The Schwarzenbergs also built a canal for transporting timber, which crosses the watershed between the drain-
age basins of the North Sea and the Black Sea (constructed 1789-1833). By the second half of the 19th century,
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technological progress enabled the construction of artificial waterways all over the world (the Suez Canal, the
Panama Canal). In Central Europe, plans were drawn up for a canal linking the Danube and the Oder (Odra), or for
the Danube-Oder-Elbe (Labe) canal; neither of these were built.

The intensification of industrialization in the Bohemian Crown Lands around the turn of the 20th century cor-
responded with the construction of modern dams. Four centuries after Bohemia’s first man-made reservoir was
built (Jordan, 1492), plans were drawn up to create reservoirs that would supply a number of rapidly expanding
towns and cities. The oldest dam with a brick dam is the Marianske Lazne water reservoir, built between 1894 and
1896. However, the construction proposal has been discussed since 1883. The main reason for building dams was
the occurrence of serious floods during the 1890s. Local groups known as “water associations” were established to
commission experts to produce conceptual solutions. A destructive flood in the valley of the LuZicka Nisa (Lausitzer
NeiBe) in 1897 forced leading political and community figures in the Liberec and Jablonec region of North Bohemia
(Reichenberg and Gablonz - both cities with large majorities of German speakers, which at a time of increasing
national tensions cultivated close links with nearby Germany itself) to employ Otto Intze (1843-1904), a professor
from the technical university in Aachen, to produce a solution (Sauer, 2008). Intze supervised the creation of five
dams, whose design became known as the “Intze type” (Harcov, Bedfichov, Fojtka, Mlynice, M$eno).

Besides provincial, district and municipal governments and the socio-economic elites, a key role in the construc-
tion of dams was also played by the above-mentioned “water associations”. The establishment of these groups be-
came possible after the approval of provincial water management legislation in 1870 (for the provinces of Bohemia,
Moravia and Habsburg Silesia) which was based on 1869 legislation applicable throughout the Austro-Hungarian
Monarchy. In general terms, the aim of the water associations (some of them local, others transcending regional
boundaries) was to improve water management within the landscape. They focused particularly on constructing
drainage and irrigation systems in order to increase agricultural yields and stabilize production or to protect land
from flooding; projects implemented for these purposes included the regulation of watercourses and the construc-
tion of dams for flood protection, power generation and water supply. The associations had various names depend-
ing on the main focus of their activities: water associations, amelioration associations, associations for regulation,
dams, water supply systems, etc. The first water association was established in the Céslav region in 1882. Associa-
tions sometimes merged with neighbouring associations if necessary in order to coordinate larger-scale projects.
Statistical data shows that between 1890 and 1939 water associations played a key role in improving water man-
agement systems and facilities. The institutions (and their controlling bodies) not only initiated and organized water
management projects; they also played a role in educating the public and as investors (or as procurers of public
funding). By the mid-1950s, when the water associations formally ceased to operate, there were almost 4,500 of
them in the Czech-speaking part of Czechoslovakia (Pelidek, 2021). Later these activities were brought within the
purview of the State Bureau for Amelioration (Statni melioracni sprava) and then the Bureau for Agriculture and
Water Management (Zemédélska vodohospodérské sprava).

Czechoslovakia’s independence in 1918 had an impact on the construction of dams, as the state took control
over new water management projects via its provincial authorities. Policy shifted to prioritize power generation at
hydroelectric plants - a form of generation that began to establish itself internationally around the turn of the 20th
century. Concrete was increasingly preferred as a building material; for many years earthwork dams were eschewed
in Czechoslovakia as a result of the collapse of a dam in the Jizerské Hory mountains. In the second half of the 20th
century, despite the ideological divide that split the world in two, construction technologies in Czechoslovakia (and
indeed structural design in its entirety) were substantially influenced by international projects in Europe and be-
yond. The disaster at the Vajont dam in ltaly (1963) had a major impact on the perception of dams as a whole. The
dam structure withstood the force of a tsunami caused by a huge landslide into the reservoir; the water overtopped
the dam and destroyed several villages in the valley below, claiming over 2000 lives. In 1997, when Moravia was
hit by catastrophic floods, the events at Vajont influenced the decision to alter the water level at the Sance dam
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above Ostravice, where the right bank of the reservoir is under constant monitoring due to the instability of the
slope above it. The largest number of dams were built in the second half of the 20th century, though these were
often constructed at locations that had already been identified and recommended around the turn of the century.
With a certain degree of exaggeration, we can speak of a golden age of dam-building during the massive economic
boom that followed the end of the Second World War. From 1950 onwards, the newly installed communist regime in
Czechoslovakia used propaganda to promote dams as “great socialist structures”, and “work brigades” (ostensibly
“voluntary” groups of workers and students) were used in the state’s dam-building programme.

Until the mid-20th century, water management structures and infrastructure were built on a “bottom-up” ba-
sis, in response to the needs of municipalities, local agriculture, industry, or flood protection. In most cases, the
local populations were supportive of these projects. The situation changed after the communists seized power in
Czechoslovakia in 1948. Water management was treated as a separate industry, and like all other industries, it was
subject to centralized state control. In 1949 a nationwide water management survey was conducted. Its aim was
to create a comprehensive register of watercourses, hydraulic structures built on them, and the quantities of water
consumed by individual industrial companies. The conclusions of this survey were incorporated into the State Water
Management Plan, which was drawn up in 1954 with support from the Central Bureau for Water Management. The
survey was a major undertaking, and some parts of it are still used today, as well as being reflected in legislative
instruments (e.g. the register and protection of locations that are suitable for surface water accumulation, protected
areas of natural water accumulation, etc.). Other parts of the Plan became subject to ongoing annual updates, creat-
ing a body of documents which helped improve efficiency in water management (water management maps, audits
of water volumes and quality, water management systems control, etc.). Negative aspects of this period included
a rapid increase in water consumption and the drastic neglect of anti-pollution measures - in other words, the per-
ception of water as an inexhaustible natural resource. However, obstacles to new construction projects - such as
private ownership, local community networks, public opinion, and so on - were easy for the communist-era authori-
ties to circumvent. This planned construction of water management facilities, imposed on a “top-down” basis and
sometimes with the use of force, caused dissatisfaction among certain sections of the population, and it also led to
a number of problems that have still not been adequately addressed to this day. One example is the catchment area
around the Svihov reservoir, where there are official restrictions on agricultural and other activities, despite the fact
that the advantages of these restrictions are not felt by local residents, but rather by the inhabitants of Prague, who
benefit from better-quality water.

During the 1970s, water management in Czechoslovakia moved into a new phase of development associated with
a general process of economic and societal stagnation. The previously dynamic growth of public water supply and
sewage systems slowed almost to a complete halt, and new developments were essentially stalled at the planning
stage. Due to the inherent issues with the centrally planned economic system, there was a lack of motivation either
to improve the efficiency of production or to reduce levels of water pollution. Theoretically Czechoslovakia’s water
management system was among the world’s best; its legislation (Government Directive no. 25/75) stipulated that
surface water should be of sufficient quality to enable “normal life by fish of the trout type in watercourses, and by
fish of the carp type in other bodies of water”; the legislation also stipulated that surface water should possess “un-
disrupted self-purifying capability”. In practice, however, the construction of wastewater treatment plants lagged be-
hind, and the state dealt with this situation by granting thousands of exemptions to the ban on releasing wastewater
into watercourses. In the 1980s the economic situation deteriorated to such a level that some construction projects
already underway were halted, and work on them did not resume until the 1990s (e.g. the Dlouhé Strané PSHPP).

The years following the collapse of Czechoslovakia’s communist regime in 1989 brought many changes in the field
of water management. Currently, water management falls within the purview of several ministries of the Czech Re-
public, chief among them the Ministry of the Environment and the Ministry of Agriculture. The Czech Republic’s ac-
cession to the European Union meant that it adopted the relevant EU legislation, which is rooted in the 2000 Water
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Framework Directive. This legislative instrument emphasizes the role of water as an element in the environment. The
principles underlying the directive are not alien to the Czech Republic, and their official adoption is in line with the
previous aspirations of numerous water management experts and hydrobiologists, as set out already in the 1954
State Water Management Plan: retaining water in its natural state, coordination of water management on the basis
of hydrological entities (drainage basins), long-term planning, the use of the best available technologies in industry,
and so on.

With regard to water management infrastructure, this is now substantially more fragmented than was formerly
the case, as facilities have been acquired by municipalities or private owners (including large foreign-owned cor-
porations). The problems associated with this situation have become increasingly evident during recent periods of
drought, when water has become a resource that is a subject of disputes. On a small scale, these disputes may arise
if a householder sinks a deeper well, thus taking water from neighbours. On a large scale, disputes may spill into
international relations, as in the conflict between the Czech Republic and Poland over the expansion of the open-cast
coal mine near the Polish town of Bogatynia.

The current water management situation in the Czech Republic does not enable the construction of strikingly in-
dividual buildings with interesting architecture. However, measures implemented to ensure that water resources are
used more sustainably have brought improvements to the landscape (reducing the area of land given over to mono-
cultures, revitalizing watercourses and networks, accompanying vegetation) as well as aesthetic improvements in ur-
ban areas (green roofs and facades, greenery plantings, park maintenance, the installation of small water features).
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2. THE CURRENT STATE OF HERITAGE PROTECTION AT WATER
MANAGEMENT SITES IN THE CZECH REPUBLIC

The legal protection of industrial heritage (as part of the Czech Republic’s cultural heritage) is currently defined
by Act no. 20/1987 Sh. on state heritage management, which replaced Czechoslovakia’s first heritage protection law
(Act no. 22/1958 Sb. on cultural monuments).

Note: The 1958 Act on cultural monuments introduced the practice of listing in the Central Register of Cultural
Monuments (formerly known as the State Register of Cultural Monuments); this process was delegated to regional
authorities, which collaborated with district authorities and heritage management workers to conduct initial sur-
veys. The 1987 Act on state heritage management transferred responsibility for maintaining the Central Register of
Cultural Monuments to the predecessors of today’s National Heritage Institute. Now, a site or item does not become
a cultural monument by being listed in the register; instead it is declared (or not declared) a cultural monument on
the basis of a decision made by the Ministry of Culture.

The Czech Republic currently has approximately 2,500 cultural monuments, both movable and immovable, which
can be characterized as technical monuments or industrial heritage sites. These monuments include movable and
immovable heritage sites/items associated with industrialization, as well as bridges, structures from the pre-indus-
trial period associated with the storage and processing of agricultural products, water-powered technical structures,
or elements of water supply and management systems.

Of these 2,500 monuments, around 700 are related to water management. These include structures using water
power - i.e. water mills (235), hammer mills (10), mangles (2), fulling mills (2), and hydro power plants (17). The
large number of water mills is a consequence of extensive ethnographic research conducted during the 1960s and
70s, which encompassed production sites that sit on the boundary between ethnographic and technical monuments.

This set of 700 water management-related monuments also includes 382 fountains, which thus make up over half
of the total water management structures listed in the Central Register. This disproportion is due to the art-historical,
architectural and urbanistic values embodied in these fountains; as artistically executed structures situated in promi-
nently visible locations, they represent important elements of the urban fabric in numerous historic cities and towns.

Classifying these water management-related monuments into the six categories used in this publication, their
representation (both as individual monuments and as component parts of larger complexes) is as follows:

- dams (13);

- small reservoir-type structures: around 40 ponds, either as individual monuments or as component parts of
larger complexes, e.g., the Rozmberk pond system (others also form part of castle/chateau complexes and their
parks, etc.);

- watercourses (or structures for transporting water or goods): around 80 monuments, including aqueducts,
weirs, docks/quays, locks, mill-races, retention facilities, canals, etc.;

- structures forming part of water management systems: approximately 175 monuments, of which the most
commonly represented types are water treatment plants (35, including railway water towers), water towers/
tanks (58), wells (around 60), plus other structures/complexes, all represented by less than 10 monuments
(water supply conduits, water supply networks, cisterns, sources, pumps, small wells, deacidification stations
at water treatment plants);

- structures related to sewerage and water treatment: a wastewater treatment plant (1), a sewer network
(1, Slavonice).

THE CURRENT STATE OF HERITAGE PROTECTION AT WATER MANAGEMENT SITES IN THE CZECH REPUBLIC | 19

Besides the above-listed monuments, the following structures are also related to water management (each re-
presented by less than 10 monuments): fish reservoirs, water sources/springs (in connection with spa facilities),
pumping stations, water cranes. A larger group consists of ditches, channels, swimming pools, reservoirs, fountains,
ornamental fountains and cascades that are protected as part of the grounds of castles/chateaux and monasteries.

The UNESCO World Heritage List includes the following complexes in the Czech Republic which also incorporate
water management-related structures:

- Erzgebirge / Krusnohofi Mining Region (joint nomination - Germany / Czech Republic), including hydraulic
structures for ore mining and processing (e.g., the Horni Blatn Water Ditch);

- Landscape for Breeding and Training of Ceremonial Carriage Horses at Kladruby nad Labem, including a water
tower and engine-house (2019);

- Lednice-Valtice Cultural Landscape, including structures at the Lednice chateau - a water works, an aqueduct,
a small hydro power plant, a quay, a fountain, and two ponds - the Chateau Pond and the Rose Pond (1996);

- Gardens and Castle at KroméFiz (1998) with three ponds in the castle garden (Long Pond, Wild Pond, Chotek
Pond) and the Trout Ponds in the Pleasure Garden; Historic Centre of Prague (including Prihonice Castle,
1992); HolaSovice Historic Village (1998); Historic Centre of Tel¢ (1992) including the pond system.

Czech sites currently on the indicative list for inscription on the World Heritage List are an old wastewater tre-
atment plant in Bubene¢ (Prague) and the Trebon fish-pond heritage complex. Water management-related sites
also form part of heritage-protected areas. Examples include the above-mentioned water ditches in the protected
landscape zones of the Krusnohofi region (which were associated with ore mining and processing), as well as the
Ostrava-Vitkovice urban heritage zone (covering an area shaped by heavy industry, housing schemes and social
infrastructure, and also including elevated water tanks that were built to serve industrial facilities and the newly
constructed town). Many heritage reservations and urban heritage zones in the historic centres of towns and cities
include fragments of the earliest water management systems (water towers, fountains) as well as more recently
built structures related to water management or watercourse regulation (e.g., for purposes of navigation or power
generation). Village and landscape heritage zones include structures such as wells, mill-races, reservoirs, ponds, pre-
-industrial production facilities using hydro power, etc.

The protection of water management-related sites and structures in the Czech Republic faces an obstacle in the
form of the current, somewhat one-sided approach taken by heritage management professionals; generally, the prio-
ritized values are artistic, architectural or ethnographic. For this reason, the Central Register of Cultural Monuments
contains numerous examples of fountains (due to their artistic value), water towers (for their architectural and
urbanistic value, and in some cases due to their having been designed by prominent architects such as Jan Kotéra
or Josef Go&ar), or water mills (for their ethnographic value). Other types of water management-related sites and
structures tend to feature in the Register only in small numbers, and in isolation (i.e., without acknowledging the
connection with the water system of which they form a part, and without which they would cease to be significant).

The main problem facing legally protected water management-related sites and structures is the fact that taken
in their entirety, they do not represent an overview of the various types of water management sites/structures that
exist or of the key phases in the historical development of these sites/structures. This publication devotes a substan-
tial amount of space to a typology of water management sites/structures and their historical development; it will
thus help to rectify the imbalance in the protection granted to the individual types.

A further aspect of heritage values that is analyzed and discussed in detail within this publication - though it
has not yet been adequately reflected in the legal protection granted to relevant sites and structures - is the under-
standing of water management sites/structures as integral parts of a larger entity (system), whether on the local,
regional, national or international level (especially with reference to canal systems).
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3. EVALUATION OF WATER MANAGEMENT SITES FROM
THE PERSPECTIVE OF HERITAGE MANAGEMENT

3.1 THE APPROACH TO THE EVALUATION OF INDUSTRIAL HERITAGE IN OTHER
COUNTRIES

Industrial heritage comprises an extensive set of physical remains encompassing practically all forms of human
activity in the fields of production (and resource extraction), transportation (including communications) and stor-
age, spanning a lengthy historical period. The purpose of heritage management is to record, document and evaluate
these remains, and when they are adjudged to be of exceptional value, to protect them.

The principles applied to the evaluation of industrial heritage from the perspective of heritage management have
evolved over the course of time into an international consensus of opinion, which is presented in the specialist lit-
erature and in internationally accepted documents (see Matéj and Ryskové, 2018).

The differences in how individual countries deal with their industrial heritage are rooted in the degree of knowl-
edge that has been attained (not all typological categories have been systematically documented and evaluated
in all countries), as well as in each society’s approach to the values identified. Exceptional sites, structures and
technical equipment do not enjoy the same level and type of legal protection in all countries, and there are also
differences in the degree to which the protected values are respected. In practice, we can witness a wide spectrum
of approaches, ranging from full respect for identified values (including the unique atmosphere of the location, the
genius loci) to the partial or complete suppression of these values as a consequence of a failure to understand the
original functions and typological values represented by a particular site/structure, or due to inappropriate creative
ambitions which lead to the deliberate (subjectively perceived) alteration of original architectural forms.

Fig. 3.1: Augsburg (Germany), water management system: 1 - the Hochablass (high drain) weir is a retention facility for most of the city’s canals,
the weir as it is now dates from 1911-1912 with the exception of some elements that have been replaced; 2 - the canals of the River Lech were
first mentioned in 1276, they supplied water to craft production sites, powered water wheels and later water turbines; 3 - Galgenblass (culvert)

- the most important intersection of watercourses, enabling drinking water and non-drinking water to be kept separate from each other; 4 - the
Red Gate water works - a set of three water towers with a pumping station, which supplied the city with water from 1416 and is considered
Central Europe’s oldest known water supply system, its pumping engines remained in operation until 1880; 5 - the lower waterworks, operational
from around 1500; 6 - the Vogeltor waterworks, dating from 1538, in 1774 the wall tower was converted into a water tower; 7-9 - a set of three
monumental fountains topped with bronze statues and sculptural groups: the August Fountain (1594, no. 7), the Mercury Fountain (1599, no. 8)
and the Hercules Fountain (1602, no. 9); 10 - the municipal slaughterhouse (1609) featuring the innovative use of water drawn from a canal that
passes through the building in order to cool meat and dispose of waste material; 11 - waterworks at the Hochablass weir, marking the beginning of
the city’s modern water supply system (1879-1880); 12 - power plant on the municipal stream - built in 1873 originally as a cotton spinning mill
(the largest spinning mill in Germany at the time); 13 - power plant on the factory mill-race, opened in 1885 originally as a power source for a yarn
spinning mill, still in operation today; 14 - Singold power plant, opened in 1887 as a power source for a yarn spinning mill; 15 - Wolfzahnau
power plant (1901), built for a cotton spinning mill, with a huge flywheel that was displayed at the Paris World Expo; 16 - Gersthofen power plant
on the Lech canal, opened in 1901; 17 - power plant dating from 1904, originally to supply power to an engineering works, machinery (no fonger
functioning) from 1923 has been preserved, the plant is still in operation with modern machinery; 18 - Landweid power plant on the Lech canal,
opened in 1907, originally to supply power to a factory and later also for the public power network, today it houses a museum devoted to the River
Lech; 19 - power plant (1920) on the Wertach canal, which in addition to producing electricity was also designed to reduce the risk of flooding,

it was originally built to supply power to the public transport system; 20 - power plant (1922) built to supply a cotton spinning mill, the turbine
and generator dating from 1922 are still in operation; 21 - Meitingen power plant (1922), the city’s only hydro power plant still in operation

using its complete original machinery; 22 - the “ice canal” built for the 1972 Olympic Games, the first man-made whitewater canoe course, still in
use. Diagram by Radek Mianec, 2021 (modified according to: Das Augsburger Wassermanagement-System. Available at: https;//wassersystem-
augsburg.de/de/interaktive-karte).
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Fig. 3.2: Augsburg (Germany), water
management system: (A, C) water towers
at the Red Gate, (B) Gersthofen power
plant on the Lech canal: (D, E) Hochablass
weir. Photograph (A, C, D, E) by Michaela
Ryskovd, 2019 and (B) by Radek Bachan,
2022.
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We can witness a general shift away from the protection of individual sites or structures (detached from the overall
context of technological flows and functional complexes) and towards the protection of entire systems. This trend is re-
flected in (and also influences) the selection of successful candidates for inscription on the UNESCO World Heritage List.
A model example from the field of water management is the successful nomination of the water management system
of the city of Augsburg (2019). This system evolved in successive phases over the course of eight centuries (beginning
in the 14th century). It comprises a network of canals, water towers from the 15th-17th centuries (including pumping
stations), a water-cooled slaughterhouse, a set of three monumental fountains, and functioning hydro power plants.
The technological innovations associated with the operation of this system meant that Augsburg ranked among the
pioneers in the development of hydraulic engineering. The system’s value lies in the combination of elements from the
earlier phases of development (which are no longer functional but have been preserved) with fully functional hydraulic
structures and hydroelectric power plants dating from the late 19th century and the first half of the 20th century. The
system thus offers a comprehensive insight into the importance of water for the development of cities, incorporating
not only issues connected with the (drinking) water supply, but also the importance of water for economic develop-
ment, embodied in the use of water to power production facilities in the pre-industrial and industrial eras.

A similar concept is found in proposals for the protection of systems incorporating hydraulic structures and
buildings supplying hydroelectric power to industrial customers and municipalities; this is typical of the industrial
heritage of Norway, which is closely associated with hydroelectric power and water transportation. The Vemork and
Saheim hydroelectric power plants (and the protection granted to them) are presented in Chapter 5.

Central European water management systems are represented by the Erzgebirge / Krusnohori Mining Region,
which includes structures and landscape remnants connected with ore mining and processing, as well as hydraulic
structures which were used in these processes (inscribed on the UNESCO World Heritage List in 2019; see also
Chapters 2 and 5).

Although attention partially remains focused on specific types of structures (particularly those that represent the
most “visible” components of water management systems, such as elevated water tanks), internationally there is
a clear tendency towards incorporating these structures into wider-ranging systems and evaluating them as part of
these systems.

3.2 THE APPROACH TO THE EVALUATION OF INDUSTRIAL HERITAGE
IN THE CZECH REPUBLIC

In 2018, the National Heritage Institute’s Methodological Centre for Industrial Heritage published the Methodol-
ogy for the Evaluation and Protection of Industrial Heritage from the Perspective of Heritage Management in order
to define a unified concept and approach to the field. The publication set out to define the key terms and evaluative
criteria as well as presenting the ways in which industrial heritage can be managed (Matg&j and Ry3kova, 2018).

In order to determine heritage value, it is essential to assess the individual values of each assessed item - both
from the perspective of traditional evaluative categories applied to monuments and also considering the specific
nature and features of industrial heritage.

Traditional heritage values are the following (these may acquire new dimensions in connection with industrial
heritage):

- art-historical value,
- architectural value,
- urbanistic value,

- value deriving from age.
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Among the most important types of values that are specific to industrial heritage are the following:
- historical value (in the sense of positive or negative information);

- typological value - deriving from the site’s or structure’s role in the typological development of the industry/
field; a key task is to identify typical representatives, unique representatives, and the first and last representa-
tives of a particular course of development; typological value also includes the value of emblems and symbols
from a particular industry/field, the value of a model solution, or a repeatedly used module;

- value deriving from the technological flow (process), i.e. the process beginning with the raw materials and
ending with the final product (including the role of individual steps within this flow as part of the complete
production cycle and related technological flows); an item (structure, building) that is unimportant when
viewed in isolation may be valuable due to having played a key role in a technological flow that has survived
in its entirety;

- value deriving from systemic and technological interconnections - the item is thus viewed within its broader
context, comprising mutually interlinked and interacting flows of raw materials, products and related trans-
portation systems that transcend the boundaries of the site, region, or even country;

- the technical value of individual pieces of equipment and technological complexes;

- value deriving from authenticity in relation to industrial heritage, in relation to individual categories - the
authenticity of the volume, form, function or production process, including the definition of “last working
day” authenticity, i.e. the preservation of a structure/site in the same condition as when it was last used for its
intended purpose, thus bringing its process of development to a close;

- value deriving from the atmosphere of the location (genius loci), in this case from the industrial environment
(Matgj and Ryskova, 2018).

By taking into consideration the above-listed values, it is possible to achieve a comprehensive assessment of the
value of an item (building, structure, machine, technical equipment) and a complex (industrial complex, agglomera-
tion, linear structure, etc.). This in turn facilitates the objective selection of the most important representatives of in-
dividual industries or fields. A qualified assessment of values should lead to the selection of genuinely representative
examples that are worthy of heritage protection, as well as helping to prevent their values from being suppressed or
obliterated. The higher the value, the less potentially damaging interference should occur. The lower the value, the
greater the scope for modernization or modifications connected with conversion for new uses.

From this perspective, it is possible to formulate four ways of dealing with industrial heritage:

- preservation of the original function (the ideal solution, even at the cost of necessary compromises arising from
changing requirements for performance or safety);

- preservation of an authentic operation in the form of a museum exhibit, for the most important physical
remains; the extreme form of this is the preservation of “conserved information” from the last working day;

- the physical relocation (transfer) of a structure or part of it, if it is not possible to preserve it at its original
location (most commonly in connection with the musealization of machinery and technical equipment);

- conversion - possibilities for new use if the original function has been lost.

3.3. APPROACHING THE EVALUATION OF WATER MANAGEMENT SITES

The methodology for the identification of potential heritage values of water management sites (structures) and
the evaluation of their importance for heritage management, preservation and protection is drawn from the general
methodology presented by Matéj and Ryskové (2018), which is outlined above in Chapter 3.1.
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When selecting a set of evaluative criteria with relevance to water management sites (structures), the authors
have taken into consideration the specific features of the various types of water management sites dealt with in
this publication. The importance of each of the various values may differ depending on the type of site or functional
entity being evaluated. A typical feature of water management sites in general (as a consequence of their nature and
expected functions) is the fact that they only rarely operate (perform their function) independently, without any
interconnections to other water management sites. For this reason, it is very important to identify these intercon-
nections, describe them, and assess their importance within the framework of a larger or smaller functional entity
(complex). A separate building or structure may not be particularly exceptional in its own right, but when viewed
as part of a wider functional entity, it may contribute to a unique concept or solution. For example, the individual
components of water supply or water treatment systems may be standardized designs (produced in series), but
a system such as this may represent a unique entity (this uniqueness may consist in the adaptation of a solution to
the specific conditions of a particular location). The opposite is also true, of course: it may happen that an otherwise
standardized functional entity incorporates a particular building or structure that is in some way unique.

Water management buildings/structures

Buildings or technical equipment with functional structures performing one or more water management func-
tions (water supply, anti-flood protection, water accumulation, water transportation, etc.). A water management
building/structure may stand separately, or it may form part of a larger functional entity (e.g. a weir with/without
a hydroelectric power plant, a small reservoir, a retention facility, a cistern, a dam, etc.).

Functional entities

Complexes of water management buildings/structures with one or more functions, which are functionally inter-
connected on the local, regional, national or international level. Individual buildings/structures may have their own
functions or a set of functions, which they perform by means of the equipment inside them, or they may exist in
close conjunction with other buildings/structures, enabling the function to be performed at a higher level (in terms
of area or volume) or enabling other functions to be performed by other types of buildings/structures within the
framework of the functional entity (complex). Examples include a dam with a hydroelectric power plant or a water
supply draw-off, a weir with a head-race and a hydroelectric power plant, a complete water supply system (a reser-
voir, a draw-off facility, a water treatment plant, conduits, water retention facilities, etc.), the Vitava River Cascade
(a series of nine hydraulic structures and related structures), a canal with locks (gates and chambers), boat eleva-
tors, and hydroelectric power plants.

Evaluative criteria

The expert perspectives applied to the evaluation of a particular water management building/structure or func-
tional entity in connection with the identification of its potential importance as a heritage site. Each evaluative cri-
terion is defined via a description of the values that are considered when evaluating the site, i.e., evaluating whether
and to what extent the site embodies those values. This can be expressed via a categorization of the criterion in
question. Each criterion may also assume a different degree of importance (weighting) in the overall evaluation of
a particular water management building/structure.

The text below presents a set of evaluative criteria that are decisive for identifying potential heritage values in
water management-related buildings/structures and functional entities. The criteria are listed here in descending
order of their importance within the process of evaluation.
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In accordance with the general methodology presented by Maté&j and Ryskova (2018), the most important task is
to identify the unique nature, or on the other hand the typical nature (i.e. the extent to which it is a representative
example of its type), of the evaluated site within the overall typological development of the particular type under
consideration - in both the national and international context, if possible (see also Féhl, n.d.). The value of unique-
ness is already mentioned in work by Radové (1987). The degree of uniqueness grows in direct proportion to the
decreasing number of similar representatives of the same type. Likewise, Douet (2018) states that when evaluating
water management sites as representatives of cultural heritage (on both the national and international levels), it is
essential to identify major historical milestones in order to be able to recognize outstanding and representative sites
with potential heritage value. Douet ranks this as the most important criterion for water management-type heritage
sites — and indeed its importance is also paramount when evaluating representatives of other industries. Particular
emphasis is placed on evaluating the parameters of the structural and technological aspects of the site, i.e., the
structural and technological solutions that are applied. Other criteria of key importance for water management sites
are the values deriving from the technological flow (process) and systemic interconnections, which are of particular
relevance in the case of functional entities. As these play a crucial role in water management infrastructure, it is
essential to describe and explain the links between individual buildings/structures on all levels of functionality.
A functional entity frequently represents either a unique solution (e.g., a series of dams) or a standardized solution
(e.g., in the case of wastewater treatment plants).

With regard to authenticity, the heritage value of water management sites derives not only from the traditional
concept of authentic volumes, materials or forms; a further crucial consideration is the degree to which the original
functions of buildings/structures and technical equipment have been preserved.

3.3.1 TYPOLOGICAL VALUE

When applying this criterion, it is essential to be aware of the overall course of typological development of the
evaluated type, including key milestones, typical representatives and unique sites (Fig. 3.3). Additionally, it is advan-
tageous to be aware of the number of existing structures of the given type, if such information is accessible - e.g., if
an acceptable number of examples exists to enable assessment. For each type of water management structure, it is
necessary to correctly identify and describe the characteristics which define it from the perspective of its typologi-
cal development and which are essential for evaluating its importance. The typological development of the types of
water management structures dealt with in this publication forms the subject of Chapter 4.

A structure can be deemed to have an exceptional character if it embodies one of the parameters listed below;
it is necessary to assess both structural characteristics (e.g., a dam wall structure, the structural part of a weir) and
technological characteristics (e.g., the closure mechanisms of the bottom outlets, dam wall segments), as well as
the methods used. The uniqueness of a structure can be assessed within various contexts, ranging from the local to
the international:

- the first structure of its type,

- the oldest surviving structure of its type,

- the only surviving structure of its type,

- exceptional parameters (both structural and technological),

- exceptional structural solutions/use of a particular technology,

- exceptional occurrence within the Czech Republic/internationally.
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Fig. 3.3: Bfezovd aqueduct no. 1: (A) aqueduct supply valve; (B) gate valve chamber; (C) entrance to the Holé hory 2 water tank; cast iron fong-

distance aqueduct for drinking water (57 km), preserved in its original form with the exception of the addition of a remote control system to
operate the machinery. Photograph (A, B) by Miriam Dzurdkovd, 2018 and (C) by David Honek, 2019.

A typical representative of a particular type of structure will display the characteristic features of its type, and (in an
ideal case) its current condition will be good or adequate - i.e., the structure and its technologies will be completely
preserved and functional (preserving the authenticity of both function and form). A typical representative can be
identified e.g., by evaluating similarities - i.e., comparing a set of structures on the basis of selected features. This
will identify a group of similar structures, from which it is then possible to select a representative of the group. In
order to apply this method, it is necessary to have access to data on the characteristics of structures of the given
type; this has been the case e.g., in the evaluation of dams in the Czech Republic for purposes of heritage protection
conducted by Spana et al. (2021).

3.3.2 VALUE DERIVING FROM THE TECHNOLOGICAL FLOW (PROCESS)

The notion of technological flow is connected with the existence of functional entities (complexes). A structure
may form part of a larger or smaller functional entity with one or more defined functions. An evaluated structure
may be responsible for a complete phase in the technological flow (a dam; a water treatment plant; a weir), or it
may represent the technological flow in its entirety (a dam with a hydroelectric power plant; a retention facility with
an aqueduct and a water treatment plant; a weir with a lock), or it may form part of a wider-ranging complex rep-
resenting a technological flow (e.g. the series of dams making up the Vltava River Cascade; a drinking water supply
system as shown in (Fig. 3.4; a canal system). According to UNESCO (2016), the technological flow (i.e., the func-
tional interconnection of individual structures) is a fundamental and characteristic attribute of the heritage of water
management, which made a major contribution to the development of modern “network cities” (drinking water sup-
plies, drainage/sewer systems, wastewater treatment, canal systems). It should also be taken into consideration that
a structure may in the past have formed part of a technological flow (e.g., a water tower or similar retention facility),
but nowadays it no longer performs its original function or has been converted for new use - yet nevertheless it may
embody numerous other heritage values.



28 | METHODOLOGY FOR CLASSIFICATION AND EVALUATION OF THE INDUSTRIAL HERITAGE - WATER MANAGEMENT

— Legend
\_H.I ®  water treatmant plant (WTP)
SLEZSKA HARTA A

@  small hydro power plant (SHPP)
p B water withdrawal point

e aqueduct route - left bank (1958) | —|
s squeduct route - right bank (1955)
s BqUedUCt route (1962)

F e aqueduct route - Bruntal (1970)
s aqueduet route (1977)

WTP Hradec
nad Moravici
e

Slezska Harta Resorvoir

SHPP Slezskd Harta 5% Moravice drainage basin

C

Krutberk Reservair
SHPP Krulberk
I""\.

Fig. 3.4: Ostrava area aqueduct (Opava branch) - an example of a wider-ranging technological flow system; this complete system can be
subdivided into three main functional entities which are mutually interconnected; the individual functional entities comprise structures which in
their own right represent complete phases in the technological flow or the technological flow in its entirety (a dam with a small hydroelectric power
plant, a water treatment plant, a fong-distance aqueduct, a weir with a hydroelectric power plant). Diagram by David Honek, 2021.

3.3.3 VALUE DERIVING FROM SYSTEMIC INTERCONNECTIONS

When considering this value, a water management site is viewed as a technological entity in the wider context, i.e.
in terms of its interconnections with other industries, transportation or power engineering systems. It is not defined
(or delineated) in spatial terms; a water management site may have systemic interconnections at various levels, from
the local up to the international level. Examples of systemic interconnections include mills, sawmills, water-powered
hammer mills (Fig. 3.5; transportation canals, Fig. 3.6, 4.113-4.119), etc.

3.3.4 VALUE DERIVING FROM AUTHENTICITY

The value of authenticity expresses the degree to which a site has been preserved in its original state, viewed from
a number of perspectives. The original state may be defined as the state at the time of building or when the site
first became operational. However, it may also be decided that a certain phase in a site’s represents a more valuable
state - e.g., a remodelling or modernization which undisputedly enhanced the quality of a structure compared to its
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Fig. 3.5: System of the Radimér mill-race, with 14 mills and 9 small hydroelectric power plants - current situation (the course of the mifl-race has
partially survived as a landscape remnant); an example of a wider-ranging technological flow system consisting of the mill-race and control devices
(sluice-gates, channels for water wheels), small reservoirs to aid water accumulation in the mill-race, water wheels (not preserved) with systemic
connections to the technologies used in water mills, which themselves represent a complete phase in the technological flow. Diagram by David
Honek, 2020.

Fig. 3.6: Danube-Odra (Oder)-Labe (Elbe) canal (planned but not built). In 1908-1912 the Bysticka dam was built as a source of water for the
planned canal. Another existing element of the planned system is the Polish port of Kozle on the Odra River. Photograph by Michaela Ryskood, 2018.

state when originally built. A deeper analysis of water management sites should particularly take into consideration
the following:

authenticity of function,

- value of the new use (if the original function has not been retained),
- authenticity of technical equipment,
- authenticity of technological solutions,
- authenticity of form,
- authenticity of material (the degree to which the original structure has been preserved).
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In the case of authenticity of function, we assess a structure’s functional continuity and its degree of authenticity
- i.e., whether the evaluated structure serves its original purpose (or whether this original purpose has since been
expanded or altered), whether it is still operational (or in a condition making it potentially operational), or whether
the structure now performs an entirely new function (i.e. the original function is absent). One of the ways in which
water management structures differ from other types of industrial heritage structures is that many of them still serve
their original purpose, or will have to continue serving this original purpose even if they are identified as having he-
ritage value. This is typically the case with structures used to collect and treat wastewater; it is rare for this function
to be moved to a different location if the original structures are no longer adequate to serve their original purpose.
Regular ongoing maintenance, renovation and modernization are an integral part of these structures’ character
(Douet, 2018); this is also acknowledged by Hughes (1996) in his study of canals as world heritage sites, as well as
by the Nara Document on Authenticity (ICOMOS, 1994). Such cases are examples of “continuity through change”
(Coulls, 1999); the cited text focuses on the cultural heritage of railways, but the same principle can also be applied
to water management structures.

Even if a structure’s function changes, the new use may nevertheless bring substantial (or even exceptional)
added value from the perspective of heritage protection.

Evaluating the authenticity of technical equipment involves assessing the extent to which the original equip-
ment has been preserved and documenting which changes (replacements) have been made due to repairs. This is
connected with the authenticity of technological solutions - i.e., whether repairs and reconstructions of individual
parts of the structure or equipment have been conducted using original technological solutions (tools, methods,
technological processes).

In water management structures, it is usually the case that technological equipment has to be replaced and
modernized if the structure is to retain its functionality and enable safe operation. All functional components are
thus subject to regular maintenance, which usually applies new technologies and materials to ensure that the
goals outlined above are achieved. Technologies and equipment that no longer serve their original purpose can be
decommissioned but retained on site (in situ) as examples of older technological phases in the development of the
structure or site. In the case of hydroelectric power plants, when necessary modernization is carried out in order to
increase output, an ideal solution is to retain at least one element of the original machinery in situ.

When assessing authenticity of form, the current situation is compared with the original architectural or techni-
cal design (plans) and the situation immediately after the structure was built. Deviations from the original form may
have been a consequence of subsequent modifications made in order to enhance safety (e.g., the addition of earth
to the masonry-built Maridnské Lazné dam after the structure’s height was raised) or the expansion of a structu-
re’s functionality (e.g. the subsequent addition of a hydroelectric power plant at an existing hydraulic structure, as
when a power plant was later incorporated into the main structure of the Kruzberk HS).

Authenticity of material involves the preservation of the original materials that were used when the structure was
built. As in the case of technical equipment, material has to be regularly renovated and/or replaced if parts subjected
to loading incur heavy wear and tear.
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Nadrila - Jevikovice,

Fig. 3.7: The JeviSovice dam (1884-1896) is one of the two oldest masonry-built dams in the Czech Republic. The
authenticity of form has been disrupted by modifications to the crest of the dam and the addition of an engine room
containing the control mechanisms for the bottom outlets. Historical postcard, collection of Michaela Ryskovd. Photograph
by Michaela Ryskood, 2020.
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Fig. 3.8: Bystficka dam (1908-1912). In 2004-2005 the dam
wall underwent a complete reconstruction in order to enhance
anti-flood protection and increase safety during extreme flooding
events. An injection tunnel was built within the wall, the injection
tunnel was reinforced, a new drainage and water removal
system was created, the reservoir-facing cladding and bottom
outlets were reconstructed, the dam crest was modified, etc. One
of the requirements stipulated by heritage experts was the need
to retain the original quarried stone cladding - a characteristic
feature of the original structure, instead of its proposed
replacement by prefabricated concrete. Section pre-reconstruction
(A) and post-reconstruction (B): 1 - stone cladding, 2 - clay layer,
3 - internal masonry, 4 - concrete foundation, 5 - unsorted earth
material, 6 - anchor bores, 7 - entrance tunnel, 8 - injection
tunnel. Diagram by Radek Misanec, 2021 (modified according to:
PMO, 2019). Photograph by Michaela Ryskovd, 2019.
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Fig. 3.9: Water towers: (A) Pizen, late Gothic water masonry water tower, first documented in 1532. The Classicist pumping station (right) was
built using stone from the city’s demolished Prague Gate. The Gothic-inspired shape of the roof evidently dates from 1845, when the tower was
raised as part of a reconstruction project carried out by the contractor Kristian Lexa. In 1843 the upper level of the tower contained a copper tank
with a volume of 2.7 m®. The pumping station was equipped with a metal-plated water wheel and a three-cylinder pump; it drew water from the
river. The entrance portal, added during the 19th century, was originally from a house in the city (Hlusickood 2003). (B) Tabor, the Renaissance
tower, with its sgraffito inscriptions and arched gables, was built after a fire in 1559. The town was supplied with water from the Jordan valley
reservoir (1492); below the dam there was a pumping station with a wooden pump driven by a water wheel, which pumped water into a tower

that supplied the municipal fountains (Véora 1913). Today the building houses a gallery. Photograph (A) by Alena Boroocood, 2020 and (B) by Eva
Dvordkovd.
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3.3.5 ARCHITECTURAL VALUE

Architectural quality is a traditional criterion for assessment when evaluating heritage value. It involves the as-
sessment of whether a structure is a typical representative of a particular style, movement or period or whether it
goes beyond these parameters, whether the structure consists of an agglomeration of multiple phases of high-quali-
ty structural development or whether it comprises an original core accompanied by later additions. Value is added if
the design or construction involved important architects, designers or building contractors of the era.

In the case of water management structures, the situation is highly variable; many types are technical structures
without architectural form (ponds, small reservoirs, modern water supply and treatment facilities). By contrast,
there are also structures which were considered important and prominent at the time of construction, and in such
cases their architectural quality often reflects this societal perception. In many cases, structures of high architectural
quality were designed by prominent contemporary architects: the Haj hydro power plant in Trestina was designed
by the architect Bohuslav Fuchs and Josef Stépanek, the hydro power plant in Spalov was designed by Emil Kralicek,
the Zelena Liska water works with water tower in Prague by Jan Kotéra, a water tower in Lazné Bohdane¢ by Josef
Gocér, the Podoli water works in Prague and the Podébrady power plant by Antonin Engel, and so on.

Besides the architectural design of water management structures, a further important aspect is the civil engineer
and the contractor that built the structure. An example of this is the Lanna company, which during the 19th century
and the first half of the 20th century built many important water management structures, among them the locks on
the Labe River at Mélnik and Nymburk, the weirs on the Labe at Mifejovice and Kostelec (including a hydro power
plant) and on the Vitava River at Hluboka, the lock chambers on the lateral canal at Ho¥in and the Vitava at Stvanice
in Prague, etc. The company also worked on the construction of the oldest concrete dams in the Czech Republic, at
Vranov and Brezova (Zakavec, 1936). She also participated in the construction of the oldest concrete dams Vranov
and Brezové (Zakavec, 1936).
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Fig. 3.10: Former pumping stations: (A) Opava, (B) Brno. The appearance of this former steam-powered pumping station is characteristic
of this type of building. It was a single-floor structure with a gable roof and windows incorporating semicircular upper sections.
Photograph (A) by Alena Borovcood and (B) by Michaela Ryskovd, 2021.
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Most s elekirdrnou laferdiniho kandiu v Hefing.

Fig. 3.11: Hofin, lock chambers, bridge and power plant on the Vrariany-Hofin lateral canal. Historical postcard,
collection of Michaela Ryskovd.

Fig. 3.12: Vienna-Nussdorf (Austria), bridge above a lock. The architecture of the lock, including the bridge and technical
buildings (1894-1899), was designed by architect Otto Wagner (taken from: Wagner, 1910).

Fig. 3.13: Nymburk, a Secession water
tower dating from 1904, designed

by the architect Osvald Polivka and
the engineer Jan Vladimir Hrdsky.
Photograph by Michaela Ryskood,
2018.
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Fig. 3.14: Fojtka ( 1904-1906, A) and Harcov ( 1902- 1904 B) dams, featuring a Historicist (pastiche) architectural style, were built as part of
a flood protection project on the LuZickd Nisa. Photograph by Michaela Ryskood, 2021.

Fig. 3.15: Trestina, Hdj hydroelectric
power plant (1922-1923) designed by
architects Bohuslav Fuchs and Josef
Stépdnek. Its function is expressed

in its architectural fanguage: the
architectural efements depict the
energy contained in the water and

its transformation and concentration.
Photograph by Viktor Mdcha, 2019.
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Fig. 3.16: The Vrchlice dam (1966-1970), punctuated by the control blocks at the dam crest, contrasting with the
monumental outward-facing surface of the dam. Photograph by Viktor Mdcha, 2020.
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Fig. 3.17: Podébrady, weir and hydroelectric power plant, the complex features a unified architectural style and was designed
by the architect Antonin Engel. Photograph by Viktor Mdcha, 2019.
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Fig. 3.18: Vitkov-Podhradi, water treatment plant, cycle of reliefs ‘Water in our Life’ by the sculptor Vincenc Makovsky. Photograph by Roman
Polések, 2019.

3.3.6 ARTISTIC-HISTORICAL VALUE

The artistic-historical value of a structure is evaluated on the basis of its decorative artistic elements (glasswork,
ironwork, ornamental railings, glass bricks, ceramic elements, light metal features — water spouts, weathervanes
etc.) and artistic detailing (masonry details, wall cladding, stucco, sgraffito, special plasterwork, glass mosaics, ce-
ramic wall and floor tiles) or art works.

The incorporation of art works into water management structures was a typical feature of large-scale projects in
the second half of the 20th century. Initially these works were in a realistic style, but during the 1960s a preference
emerged for freer depictions, often including landscape elements and poetic allusions. The works in this new style
expressed the importance of water to life. The works in this new style expressed the importance of water to life.
Among the first works of this type were reliefs by Vincenc Makovsky on the facade of the water treatment plant in
Vitkov-Podhradi (Borovcova, 2011). Others included works at the DaleSice power plant, the Pfiseénice dam, or the
power plant at the Nové Mlyny reservoir (Lacina and Halas, 2017).

All works of art that have survived at water management structures should be respected as manifestations of
the era when they were created, as well as forming an integral part of the structure and its wider vicinity. The art-
historical evaluation of these works is a subject for separate research as well as a topic of ongoing discussion among
experts (Skiebska, 2020).
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Fig. 3.19: Znojmo, water retention facility with two reinforced concrete circular tanks, built in 1949-1950 to
a design by Vilém Lorenz. The window on the street-facing side features glasswork entitled ‘Alfegory of the —
River Dyje’, made from glass of various types and textures and created to a 1950 design by Vojtéch Kubasta Fig. 3.20: Orlik hydroelectric power plant, the sculptural group ‘The Creation of Electrical Energy’ by L. Novdk and J. Svojanovsky,
(Stard, 2007). Photograph by Michaela Ryskovd, 2020. 1958-1963 (Sochy a mésta, 2021) and a mosaic in the entrance hall. Photograph by Viktor Mdcha, 2021.



44 | METHODOLOGY FOR CLASSIFICATION AND EVALUATION OF THE INDUSTRIAL HERITAGE - WATER MANAGEMENT

Fig. 3.21: Dlouhé Stréné PSHPP- (A) aerial photograph; (B) upper reserovoir; an example of upper and lower reservoirs with controversial landscape/
urbanistic value and a substantial impact on the appearance of the location. The upper reservoir has had a major impact on the panorama of

the High Jeseniky mountains due to the removal of the hill’s original summit, which has been levelled. Photograph by (A) Jan Héll, 1994, (B) by
Michaela Ryskood, 2019.

3.3.7 LANDCAPE/URBANISTIC VALUE

This criterion involves the way in which a structure or building fits into the surrounding landscape - including
its impact on the landscape and the transformation of the landscape due to subsequent construction (e.g. the con-
centration of industrial sites along a mill-race). The evaluation focuses on how the structure fits into the landscape,
and how it affects the landscape:

- as a dominant landmark,

- as part of a panorama,

- creating identity for a city or place,

- as a landscape-forming element (the degree to which it is incorporated into its wider environment).

In a methodological publication focusing on the identification of urbanistic values, Ku¢a (2015) notes that “the
concept of a dominant structural landmark has a neutral value. Besides positive landmarks, there are also nega-
tive landmarks - disruptive structures which detract from the historic panorama of a settlement or from impor-
tant, stabilized visual relations.” Kuéa also emphasizes that it is only possible to speak of a structure’s urbanistic
value if this value is positive. In a revised definition of the concept of urbanistic value, the Institute for Territorial
Development (2018) states that “[t/he subject of evaluation is primarily the urbanistic configuration of a territory,
vistas, sight-lines and visually related areas (e.g. green horizons), [..] the presence of greenery and the quality of
the environment as a place where time can comfortably be spent. In wider contexts, it involves not only the value
of the urban structure of individual settlements that has developed over a lengthy period, but also the relations
with the values of the surrounding landscape, as well as the value of the landscape itself, as it has been created
and cultivated by long-term human activity.”

Douet (2018), in a comparative study for TICCIH focusing on water management structures as part of the world
cultural heritage, states that it is particularly challenging to assess the importance of (for example) dams - not only
because they are numerous, technically diverse and multifunctional, but also because their impact on the landscape
(both above and below the dam) is perceived in varying ways. Opinions on the impact of these structures on the
landscape differ substantially, especially in the case of larger structures or functional entities. A typical example is
the Dlouhé Stran& PSHPP (Fig. 3.21), which is a major landscape-forming feature and a part of the panorama.
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Fig. 3.22: Mélnik, confluence of the Labe, Vitava and the Vrariany-Horin lateral canal, view from the Mélnik chateau.
Historical postcard, collection of Michaela Ryskovd.

3.3.8 HISTORICAL VALUE

This criterion encompasses a broad spectrum of parameters depending on the context - local history, the history
of the industry or field, the history of technology, cultural history etc., including direct connections with historical
figures and events of relevance to the structure. Historical value may be positive or negative.

Considering water management on an international level, Douet (2018) notes that a fundamental/universal topic
is the way in which towns and cities dealt with the urban sanitary crisis that accompanied the process of industria-
lization. The concentration of residents and industrial facilities in growing industrial towns and cities overwhelmed
the traditional systems of water supply and waste disposal. Urban settlements, especially their poorer districts,
suffered from diseases transmitted by tainted water (cholera, typhus). The growing mortality rate and the collapse
of existing systems were overcome thanks to a range of technical, scientific and administrative changes introduced
during the 19th century and in the early 20th century.

3.3.9 VALUE DERIVING FROM AGE

The traces of external influences and human activities are manifested in a certain degree of wear and tear. In the
case of water management structures, this includes wear and tear caused by the action of flowing water. In view of
the regular maintenance and repairs undertaken at water management infrastructure sites, these traces of the pa-
ssage of time can only be found sporadically or in parts of the structure that are not essential for their functionality.
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Fig. 3.23: Bethlehem (USA), pumping
station. America adopted European
Early Modern-era systems of water
supply (16th-17th centuries)

based on the principle of remote
gravitational supply, using pumps
driven by water wheels. The

oldest water pumping station in

the USA was built in 1754 for the
town of Bethlehem, established

by immigrants from the Moravian
community. The water was pumped
from a source to a water tower, from
where it flowed gravitationally into
five cisterns and tanks. The building
in the photograph functioned as

a pumping station until 1832.
(Douet, 2018). Photograph by
Michaela Ryskovd, 2018.

3.3.10 RECOMMENDATIONS FOR EVALUATION

The evaluation of water management structures and their functional entities must be conducted from various
perspectives, applying the evaluative criteria described above. As has already been stated, the key tasks are to
situate the particular structure within the context of the overall typological development of the particular type, to
identify the architectural/structural and technological values and functional interconnections, and to assess the
value derived from authenticity (within the highly diverse scope of these structures) while taking into consideration
traditional heritage values (criteria). In order to arrive at an objective evaluation, it is therefore necessary to be
aware of the historical context and typological development of a particular type of structure, both in the national
and international context.

When selecting typical representatives for potential heritage protection with regard to the typological develo-
pment of a particular type of water management structure, it is desirable to conduct an evaluation of the largest
possible number of buildings of the particular type within a defined hydrological or territorial scope (drainage basin,
region, country). Besides evaluating the above-listed criteria, the assessment must also focus on the structural con-
dition of the site, including a description of all reconstructions and modifications undertaken since it was first built.

In order to achieve a higher degree of objectivity in the evaluation and subsequent comparison, the evaluating
expert may decide to categorize the individual evaluative criteria. The appendices to this publication include a draft
evaluation form, which has been tested at selected water management structures in the drainage basins of the Svi-
tava, Moravice, Upper Morava, Plou¢nice, and in the Caslav region (Dzurékova et al., 2020, 2021; Pavelkova et al.,
2021). Collections of annotated maps accompanied by the result of the evaluations of the selected water manage-
ment sites are available at: https://heis.vuv.cz/data/webmap/datovesady/projekty/vhobjekty/).
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Fig. 3.24: Prague-Bubened, old wastewater
treatment plant. This treatment plant, designed
by Wilfiam H. Lindley in 1894, is one of the most
important European examples of a solution to
the problem of wastewater - an issue faced by
rapidly growing industrial cities towards the
end of the 19th century. For more information
see Chapter 4.6. Drainage/sewerage and water
treatment. Photograph by Viktor Mdacha, 2020.
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4. DESCRIPTION AND EVALUATION OF SELECTED WATER
MANAGEMENT GROUPS AND STRUCTURES

4.1 DAMS

“A dam is an impoundment structure damming a watercourse and its valley and creating a reservoir. Adam is
formed by a wall barrier and functional facilities (outlets, spillways, intakes, etc.) that can be located directly in
the dam or in separate structures. In a narrower sense, the term dam can also refer to the impoundment structure
itself (the wall)” (Riha, 2006). In 1928, the International Commission on Large Dams (ICOLD), which provides a fo-
rum for the exchange of knowledge and experience in the field of dam engineering, was established. The ICOLD has
introduced criteria according to which a large dam is any dam above 15 m in height measured from the foundation
to the crest or any dam between 5 to 15 m in height which has the storage capacity of the reservoir over 3 million m3
(ICOLD, 2021).

“The purpose of any dam is always to create a reserooir. The rise of water by a dam is sometimes used to obtain
hydraulic head for the energy use of water or for the gravitational transportation of water through pipelines. A res-
ervoir may serve any water management purpose or multiple purposes simulftaneously. The purpose of a reserooir
has a decisive influence on the design of dam facilities (functional, flow control structures). The selected design
and dimensions of spillway, outlet and intake structures correspond to the required function of the dam (increase
in flow rate, flood discharge, minimal outflow discharge, etc.) and of the reservoir at each possible water level. The
water level varies significantly over time according to the reserooir function and depending on the hydrological
conditions” (BroZa et al., 1987).

Note: “Another type of an impoundment structure is a weir. Unlike a dam, its purpose is not to create a reserooir
but only to increase the depth of water in the watercourse, for example, for sailing, facilitating water intake from
the river, obtaining hydraulic head, etc. A weir basin is usually not used to regulate the outflow, therefore it has
a constant or only slightly variable water level height during normal operation. The height of a weir is usually
small compared to a dam” (Broza et al., 1987).

Definitions of basic terms (Fig. 4.1, Fig. 4.2):

- dam body (wall) - impoundment structure made of natural or artificial materials,
- downstream face,
- upstream face,
- crest - the highest part of a dam body;

- functional structures - the required function of every dam is ensured by functional structures which are some-
times also called dam facilities. Dam functional structures include:

- outlets,
- safety spillway,
- intake structures;

- reservoir (submerged area) - area that is inundated by water with the maximum water level in the reservoir.
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Fig. 4.1. Definitions of basic terms - the Kruzberk dam (1948-1955). Photograph by Radek Bachan, 2021.
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Fig. 4.2: Definitions of basic terms - the Krugberk dam (1948-1955). Photograph by Radek Bachan, 2021.
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4.1.1 HISTORY OF DAMS

The construction of dams has accompanied the entire history of mankind since the appearance of the oldest civi-
lizations in Mesopotamia and the Middle East, which dates back to 3000 BC. Among important dam builders were
the Romans, who built dams of various construction types using various materials (Charles et al., 2011).

The construction of large dams in the Czech Republic was preceded by the construction of dams and reservoirs as-
sociated mainly with the construction of ponds in the 15th and 16th centuries, these were mainly built in the South
Bohemian and Pardubice regions and had already begun to be constructed in the 11th and 12th centuries. One of
the oldest retention basins in the Czech lands is Macha Lake which was built in 1366 (Kolka, 2003) and, in 1367,
the dam of Dvoristé Pond was built. The first waterworks reservoir in the Czech territory was the Jordan reservoir
which consists of an 18 m high dam built in 1492 and which was used to supply the town of Tabor with drinking
water. Alongside fish farming, reservoirs were also built for mining and, later on, for the metallurgical industry (Broza
et al., 2005).

The construction of dams and modern dam engineering dates back to the end of the 19th century when the
primary impulse for the construction of dams was the extensive flooding in the 1890s. At that time, in the area of
Europe and the Czech Republic, mainly masonry dams (e.g. Jevi$ovice, 1897; Marianské Lazné, 1896; Kamenicka,
1904; Harcov, 1904; Pafizov, 1913; Les Kralovstvi, 1919; Pastviny, 1938; Husinec, 1939, etc., and the last masonry
dams in our country, Pastviny, 1938 and Husinec, 1939) were built. At the beginning of the 20th century, when
our country belonged to the Austro-Hungarian Empire, hydraulic structures were built as part of comprehensive
measures to reduce the destructive effects of floods. Apart from the provincial, district and municipal authorities
and socio-economic elites, an important initiating, organisational and investor role in the construction of dams was
played by the so-called water cooperatives. Their foundation was enabled by provincial water laws of 1870. Water
cooperatives approached leading experts for their projects, such as Professor Otto Intze or A.R. Harlacher. In the first
third of the 20th century, dams based on the Intze principle, designed by Professor Otto Intze from Aachen, were
being built in the Czech Republic as part of flood mitigation measures in the North Bohemian mountain areas. The
water cooperatives formally ceased their activities only in the mid-1950s when they already had no influence on the
construction of dams (BroZa et al., 2005), (Pelisek, 2021).

Later on, mainly concrete dams were built (e.g., Bfezové, 1934; Vranov, 1936; Brno, 1940). The massive construc-
tion of concrete dams dates back mainly to the 1950s. The largest concrete dams were built on the Vltava River:
Slapy, 1957; Lipno I, 1960; or Orlik 1963. With the development of the society and economy, the need to provide suf-
ficient water for the population and industry was also increasing. Therefore, the biggest expansion of dam construc-
tion took place between the 1960s to 1980s (Fig. 4.3). The preparation of these constructions was transferred from
individuals to state-owned enterprises (e.g., Hydroprojekt) responsible for preparing, projecting and constructing
dams. Thus, the process involves the role of an investor, designer, supplier and supervisor. Important personalities
and experts in the field could be found at all levels of preparation but the role of individuals and the role of signifi-
cant builders ceased to exist. New construction designs, new materials and procedures were being applied in order
to achieve economic solutions and to meet the needs of the growing industry, agriculture and population. Efforts to
save cement and the depletion of profiles suitable for the construction of concrete dams led, from the late 1960s,
to the re-construction of earthfill dams - dams made of local materials, e.g., Nechranice (1961-1968), Zelivka
(1965-1975), Dalesice (1970-1979), Stanovice (1972-1978), Rimov (1974-1978), Dlouhé Strané (1978-1996),
Slezska Harta (1987-1997), etc. (Broza et al., 2005).
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Fig. 4.3: Development of dam construction in the Czech lands (taken from: Horsky, 2015).

4.1.2 CLASSIFICATION OF DAMS ACCORDING TO THEIR MAIN BUILDING MATERIAL

The building material determines by its mechanical properties the most significant construction layout and static
effect of dams. Therefore, it becomes the basic distinguishing aspect in their classification:
- dams made of local materials:
- earthfill,
- rockfill,
- zoned rockfill;
- rubble masonry dams,
- concrete dams,

- composite dams.

4.1.2.1 Dams from local materials

“Dams made of local materials are dams with a dam body made mainly from local earth, stone or other similar
materials that can be found in the immediate proximity of the dam site (hence the designation, “dams from local
materials”). Dams usually consist of stabilising, sealing and protective parts; sometimes one part can perform two
functions, such as stabilising and sealing or stabilising and protective. Depending on the type of material used,
they can be further divided into earthfill, rockfill or zoned rockfill dams. In addition, dams with a sealing element
can be divided according to the location and material of the seal” (Broza et al., 1987). The sealing element can be
located inside the dam body or in parallel with the upstream slope (inclined upstream impervious zone) - the choice
of the seal depends on specific conditions. Sealing materials used for dams made of local materials are, for example,
clay and soil sand or gravel, concrete, asphalt concrete, plastic foils and others (Broza et al., 2000). More detailed
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information and general principles of embankment dams are summarised in the CSN 75 2310 standard. For large
dams made of local materials, the most common type of a spillway used in the Czech Republic is an uncontrolled
side safety spillway. Nevertheless, shaft and crown spillways are also very common. Duckbill and channel spillways
are rather exceptional.

4.1.2.1.1 Earthfill dams

“Earthfill dams (Fig. 4.4), their basic material for the stabilising part is earth. According to the construction
technology, we distinguish between embankment and hydraulic fill dams, and according to the body composition
in a cross-section, between homogeneous dams and dams with a sealing element (heterogeneous)” (Broza et al.,
1987). Homogeneous dams are mainly used for lower dams (Broza et al., 2000).

(A) (B)

Fig. 4.4: Basic types of earthfill dams: (A) earthfill homogeneous: 1 — stabilising part (shoulder); (B) earthfill with hearting zone: 1 - upstream
shoulder, 2 - downstream shoulder, 3 - earth seal (core); (C) earthfill with inclined upstream impervious zone: 1 - revetment, 2 — downstream
shoulder, 3 - earth upstream impervious zone. Diagram by Radka Raéoch, 2021 (modified according to: Broza et al., 2005).

Number of occurrences in the Czech Republic: Large earthfill dams are most commonly represented in the Czech
Republic, there are about 60 large earthfill dams.

The oldest surviving structures in the Czech Republic: Macha Lake, 1366 (Kolka, 2003)

The most recent use in the Czech Republic: Vyrovice (1979-1983) (Broza et al., 2005)

Examples: L4z (1818-1822), Sou$ (1911-1915), Chfibska (1912-1924), Plumlov (1922-1933), Frystak (1935-
1938), Nechranice (1961-1968), Rozko$ (1965-1972), Zelivka (1965-1975), Letovice (1972-1976), Josefv Dall
(1976-1982) (Broza et al., 2005)

4.1.2.1.2 Rockfill dams

“The main building material is stone without a binder, obtained from disconnected rocks. According to their
construction method, we divide them further into flattened and embankment dams. They always have a special
sealing element” (Riha, 2006), (Fig. 4.5).
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(B)

Fig. 4.5: Basic types of rockfill dams: (A) rockfill with earth hearting zone: 1 - upstream shoulder,