Industrialization of Rivers:
A Water System Approach to
Hydropower Development

Eva Jakobsson

”Not only the operatives make Sunday a day of rest, but the river too [...]
All nature begins to work with new impetuosity on Monday.”
—H D Thoreau?!

Introduction

In a letter dated 1906, one of the Swedish hydropower pioneers outlined
his plan to build the country’s largest hydropower plant in River Gullspéng.?
A key element in the grand plan was to use Lake Skagern as a reservoir. In
his letter, he described the design of the project. His plan was to turn Lake
Skagern into”a water container”® where the ”Sunday water”* was to be accu-
mulated. Water flowing in to the "water container” during the day of rest was
to be stored for further use in hydropower production during working days. By
naming Lake Skagern”a water container”, he conceptually distanced him-
self from designating it a lake, and by the new term he made an abstrac-
tion of the lake and described it as a body of measurement. By using the
concept”Sunday water,”he also gave a new meaning to the water discharge.

This glimpse from the pioneer days in hydropower development focuses
on the extensive alterations of rivers all over the world (Dynesius & Nilsson,
1994). By introducing the concept of Industrializing Rivers this develop-
ment, from the free flowing to the harnessed water system, will be ana-
lyzed. Secondly, the hydropower-producing river as a Large Technological
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System will be discussed. Finally, using the Swedish hydropower develop-
ment as an example, the social institutions needed to control water in the
Large Technological System will be emphasized.’

Industrialized Rivers—a concept

Rivers untouched by man are probably not to be found any more. How-
ever, some rivers have not yet been cut up by dams and reservoirs. As those
rivers still keep their natural flow, they can be categorized as free flowing
rivers even if they have been altered by activities as for example timber
floating, channeling and water mills.®

To contrast the free flowing with the harnessed river, the following illus-
tration showing the most harnessed river in Sweden, the Lule River, pro-
ducing a quarter of the hydropower electricity, will be used. The graph is
illustrating real and natural (calculated) run-off in 1991. Its natural run-off is
at its lowest in spring and when the snows begin to melt in the mountains it
raises from 100 to 2000 m?/sec. This would have happened if the river were not
regulated. Today the water discharge had to be radically altered to function as
a hydropower producer—to let the flowing water out of the reservoirs and
through the turbines when there is a demand for electricity. Today 15 hydro-
power plants are working in the river and the spring flood (e.g. summer flood)
is stored in regulating reservoirs (storage capacity 9475 million m?).

Figure 1

Real (thin line) and calculated natural (broad line) runoff (m3/sec)
in River Lule at its mouth 1991
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The radical alteration of the runoff in River Lule has changed gradually
since the first power plants were built in the river at the beginning of the
20™ century. The second graph presents the change in runoff during the
20™ century, when the regulation became more and more radical.

In a water system perspective there is no difference between the build
up of a hydropower system or constructing a drainage system in a wetland
or lowering a lake or maintaining timber floating in a water system or to
uphold a net of ditches between fields in an agrarian landscape, or per-
haps, most apparent, an irrigation system (Pisani, 1992 and 2000). These
are all built up water infrastructures stretching out and binding together
the water flow through the landscape to an ever-increasing extent. These
infrastructures have an integrated duality. They are both a part of the hy-
drological cycle at the same time as man controls them. These kinds of
controlled natures have been named ”second nature” (Worster, 1990 and
Cronon, 1991).

When an investor establishes an electricity system based on hydropower,
he secures himself a part of the hydrological cycle for future utilization and

Figure 2
Monthly runoff (m3/sec) in River Lule at its mouth 1900-1994
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harnesses a combination of the rivers water volume and height of fall. A
natural resource is transformed to conform to the demand for electric power
and the natural rhythm of the river is broken. The flow of water takes on an
“industrial pace”—to use Theodore Steinberg’s words (Steinberg, 1991, pp.
8 and 76). By introducing the concept Industrialization of Rivers I am en-
capsulating the idea of water flow being rendered more efficient and of it’s
transformation for production of electricity." Homogeneity, maximization,
rationality, management and large scale are associated with this industri-
alization concept. One could argue that the regulated water system has
undergone a metamorphosis: it has been recreated and given a new role.
The industrializing concept captures the process of making the water flow
of the river into a commodity (Steinberg, 1995 and Nye, 1999, pp.107-113).
Through the industrialization of the water system, the power companies
can even make themselves masters of time: as has been shown, the water
system loses its annual rhythm.

In the following picture a watershed turned into a hydropower system is
portrayed, where the effect of hydropower plants (built and planned) and
reservoir volume (in work and planned) is defined. The industrialized River
Indal and its tributaries have been turned into a production system. Its
spatial description is changed from length of the river to the height of fall
and volume at each power plant.

Industrialized rivers as Large Technological Systems

As illustrated above these industrialized rivers are in control of man and
functions as a Large Technological System. They can also be interpreted as
socio-technological systems as defined by Thomas P. Hughes. It is a tech-
nological system impregnated with ideology and integrating actors and
institutions:

Among the components in technological systems are physical artifacts, such as
the turbogenerators, transformers, and transmission lines in electric light and
power systems. Technological systems also include organizations, such as manu-
facturing firms, utility companies, and investment banks, and they incorporate
components usually labeled scientific, such as books, articles, and university
teaching and research programs. Legislative artifacts, such as regulatory laws,
can also be part of technological systems.!

Of course, one could, at first sight, claim that hydraulic engineering, the
dam and the water regulation techniques make these alterations and radi-
cal changes of discharge. The power company decides, based on the elec-
tricity demand, the amount of water and at what time water is to be let
through the turbines or sluice gates. The result is rivers operating on‘fac-
tory time’and a web consisting of transmission and distribution lines, in-
dustrialized lakes and rivers, stretching across the country. However, these
alterations can not have taken place without interacting with society. As
pointed out by Hughes, these socio-technological systems are dependent
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on the social context; their design is shaped in an historical context and is
in some meaning mirroring the distribution of power in society.

One of the concepts used by Thomas P. Hughes to describe the develop-
ment of the socio-technological system is the concept reverse salient. The
phrase is military terminology and is the name of the part of an advancing
front that has lagged behind. In analogy with this picture, a reverse salient
arises in an expanding technical system, when some part of the system
does not follow the development at the same pace as the other parts of the
system. Finally, the reverse salient holds back the progress of the entire
system. A reverse salient can be of a technical, economic as well as political
nature. Studying such obstacles with the aid of this concept does not result
exclusively in knowledge about the technical system, but even provides
knowledge about the society in which the technical system is established.

One aspect of building a hydropower system is that the power company
also has to take into consideration institutions set up by society for regu-
lating the use of water. In the following, the role of institutional hindrances
related to the use of flowing water will be discussed by analyzing the early
development of the Swedish hydropower system.

A reverse salient in the Swedish hydropower system

There are many indications that Swedish hydropower production
throughout its pioneering years was an insecure and uneven energy form.
In particular during periods of low water, power plants had production
problems. The irregular discharge in the Swedish rivers, created by the
Swedish climatic rhythm conditions, and not adapted to the electricity de-
mand, hindered a rationally planned hydropower system. This could have
created a reverse salient in the Swedish hydropower system. However, this
barrier could be cleared away, as the hydraulic engineering skills and eco-
nomic means were present. Instead, a subjective or a cultural-political re-
verse salient can be identified. At the end of the 19th century, a dawning
hydropower industry met a water law reflecting the interests of an agrarian
society in a country with abundant water. The old Swedish water law tradi-
tion prevented the building of dams across the rivers. The expansion of the
new technical system thus met with an obstacle. According to Swedish
water legislation during the first years of the last century, provisions given
for building hydropower plants in the rivers gave no right to regulate the
flow of water. Authorizations to build dams in the rivers stated a general
prohibition against any“alteration of the hitherto existing water level situ-
ation taking place.”

The early hydropower system in Sweden was a lumbering and incom-
plete technical system, imprisoned in a“non-rational” nature. When elec-
tricity deliverance could not be guaranteed, it met an obstacle in asking
consumers change to a new energy source. One of the conditions for using
electricity is that the producer is capable of guaranteeing deliverance—
both for the day and for the future. The contracts could only secure elec-
tricity equivalent to the power accessible at low water levels. Dissatisfaction
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of the situation spread among the engineers. They had the know-how to
efficiently harness the river and they assisted in building hydropower plants
possessing capacity far over what they could be used for.The Director Gen-
eral of the State Power Board complained that”“water was allowed to flow
identically on Sunday as on a weekday.”

To understand this hindrance—or reverse salient—we have to discuss
the Swedish example in the context of the institutional framework—the
legislation that regulated the water infrastructures.

Placing the Swedish example in a water conflict and law perspective

Water politics are based on some specific characteristics in flowing wa-
ter. Water infrastructures consist of a melting together of the non-human
and the human. As the systems get more complex several demands on the
water have to coexist in the systems. These infrastructures are linked to the
water circulation. They depend on and compete with each other. Alterations in
the water circulation is spread both upstream and downstream, and the changes
affect both man and ecosystems. This happens regardless of the historical con-
text. The structure and scale of the alterations are, however, dependent on the
historical situation and the level of technology. This often leads to various
kinds of up and downstream conflicts. Such a conflict can for example arise
between two mill owners or between two states sharing a river basin.

In the Scandinavian countries—a region with abundant water—we can
identify another water related conflict, connected to the purpose that wa-
ter is used for. It is the conflict between those who want to dam water—
pro-dammers—and those who want to protect their land from
flooding—anti-dammers (Myllyntaus, 1991, pp. 161-162). In Swedish his-
tory, anti-dammers were represented by agrarian actors carrying out drain-
age of fields and wetlands, lowering lakes and fishing. Log driving, by its
use of the spring flood to float the timber out of the forests and down to
the sawmills on the coast, was an anti-dammers’ interest, who shared the
agrarian interest of keeping the watercourse open. Furthermore, I suggest
that a modern anti-dammering interest is expressed by environmentalists
who want to stop the harnessing of rivers. Mill and sawmill owners, other
waterpower users and hydropower developers, on the other hand, repre-
sent pro-dammers. Their interest is in controlling the flowing water and
storing the water to use it when the demand for power increases.

Water-related conflicts, which developed simultaneously to the build-
up of water related infrastructures, have for hundreds of years been gov-
erned by normative systems establishing opportunities and limits for private
or public control over the water system. From time immemorial water al-
terations have been regulated by special water laws. The laws have either
hindered alteration, frozen water development or given priority to alter-
ations in watercourses. Water laws are made up of deeply rooted beliefs
such as, for example, if water is private or public property. These water-
related conflicts and systems of norms also reflect social relations, rather
than, for example, climatic or geographical conditions (Pisani, 1996, p. 2).
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To place the Swedish water legislation in a water law context some rel-
evant concepts describing different ways of dividing flowing water have to
be introduced.? The concepts relevant to the Swedish example are ripa-
rianism, and its two differing principle concerning what ways alterations in
the watercourses can be carried out: natural flow rule and the principle of
reasonable use.

Riparianism does not see a difference between land and water. The prin-
ciple postulates that only the riparian who owns the shore of a lake or a
watercourse has the right to use the water contiguous to his shore. All
riparians, regardless of the length of, for example, the riverbank, have the
same kind of right to the water contiguous to their shore. The riparians do
not have to harness their water.® Riparianism has been an unquestioned
principle in Sweden. In medieval law it was stated that”he who owns the
land owns the water.” At the beginning of the 20th century riparianism
was formulated by statuary provisions as: “Each person is entitled ... to
have control over the water which is on his ground.”

Originally riparianism guaranteed the riparian the water in its natural
flow—natural flow rule (Lauer, 1970, Teclaff, 1967, pp. 89-88 and Wisdom,
1975). The legal maxim was,”Water flows, and ought to flow, as it has cus-
tomarily flowed”(Lauer, 1970, p.1, notel). Riparianism and the natural flow
have deep roots in Swedish history. In the oldest preserved book written in
Swedish, the older law of Vistergotland, which dates from the middle of
the thirteenth century, it is stated:”If a man wants to build a mill, he may
not build it so that another man’s ground is damaged, nor his field or
meadow, nor public roads, nor the neighbor’s sidewalk and not a mill built,
nor a fishery.” The legal text can be interpreted as a prohibition against
alteration in watercourses not caused by nature.

The natural flow rule is often replaced with a second variant of
riparianism; the principle of reasonable use. It originates from the begin-
ning of the 19th century when, during a period when the harnessing of
rivers was intensified, it became a tool for managing conflicts between
riparians. The principle of reasonable use made it possible to alter the flow
of water, even if it affected other riparians. Thereby it implies that land and
water were no longer chained to each other. The principle was obviously
essential for increasing the energy taken from the watercourses. The crite-
ria for reasonable use have changed depending on the historical context.
Variables such as benefit for society or the user has often been used as
definition of reasonable use. This means that changes in the definition of
reasonable use can lead to abrupt changes in watercourses.

As already indicated, the Swedish landscape is characterized by abun-
dant water. Historically one of the main concerns for the Swedish farming
population was that the rainwater remained in the fields and moistened
the seeds. Consequently the soil became hard to cultivate as it suffered
from“water sickness.”In spring it took a long time for the frost in the ground
to break up the wet soil. (It was only in the late 20" century when intensi-
fied agriculture was introduced that irrigation became an interest for the
Swedish farmer). However, the abundant water in rivers and lakes has also
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been of interest to those using water- and hydropower. The conflict arose
between the advocates of two variants of riparianism: the natural flow rule—
which did not allow change in the water flow and which was defended by
agrarian interests, and the principle of reasonable use—which allowed in-
terference in the water flow and which was defended by those wanting to
exploit the watercourses. At the risk of over-simplifying, one can sum up
that anti-dammers are advocates for the natural flow rule while pro-
dammers represent the principle of reasonable use.

After presenting these social institutions related to the build up of water
infrastructures, and as the development of the technical system is depen-
dent of a social context, we also have to place the dawning Swedish hydro-
power industry in its historical context.

Controlling Water in 19 Century Sweden

At the beginning of the 19th century, agrarian production increased con-
siderably. Reclamation, large drainage projects supported by the State, con-
tributed to this. Drainage of fields and wetlands as well as the lowering of
lakes were instruments in the struggle to reclaim and gain arable land. It is
estimated that a little more than 600 lakes have been drained and 2.5 % of
all the lakes (a total of 2 500 lakes) have been lowered in Sweden.? Under-
drainage was also introduced in the middle of the 19th century. With the
more efficient and spatially widespread system of ditches, the rainfall was
more and more rapidly washed through the landscape and into the water-
courses. Intensified forestry also caused alterations in the water balance.
Clear-cutting made the snow melt faster and it removed roots that had
previously bound the water in the ground. Symptoms of imbalance in the
landscape appeared when the shores of the outlets were flooded. There-
fore, it became more and more important to keep the watercourses open
for the direct outlet of water from the cultivated land. The natural flow rule
became increasingly—perhaps more than ever—important for the anti-
dammers.

In Sweden a legal institution guaranteed the natural flow rule. Its name
was“King’s Vein” (kungsddran). During at least 500 years this special insti-
tution had stipulated that a third of the water continually had to flow freely
in the larger watercourses and rivers. In watercourses where by definition
there was a King’s Vein, it was forbidden to build dams. Historically, the
function of King’s Vein was to protect migrating fish, guard against flood-
ing and preserve navigable passages, e.g. protecting the interests of an agrar-
ian society.®

In the late 19 century a parliament, where agrarian interests were heavily
over represented, instituted a new water law. The old King’s Vein institu-
tion was retained. However, in the new water law of 1880, it was given a
new definition. At first sight this could seem trivial. From a water system
perspective, it was significant. The former definition had established that
one third of the quantity of water constituted King’s Vein. In the new water
law, King’s Vein henceforth consisted of a third of the width of the water-
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course. The revision of the definition on one side strengthened the agrar-
ian interests, who wanted to keep the watercourses open for an effective
outflow of abundant water in the fields. On the other side it was a setback
for the owners of waterworks.

The old King’s Vein definition guaranteed two thirds of the water quan-
tity to owners of waterworks regardless of the flow of water and the shape
of the watercourse. If instead one third of the width of the watercourse was
to be kept open, naturally more than one third of the quantity of water
current would flow through it. The outcome was a greater current through
the watercourses and abundant water discharged faster from the fields.
Thus far, it can be concluded that the natural flow rule held a strong posi-
tion in the history of Sweden’s waters.

Under pressure from pro-industrial members of Parliament the Parlia-
ment passed an ordinance in 1899 allowing the building over of the King’s
Vein with government permission. Dams were built in the large rivers.
Control of the watercourses had passed over to the dam-owners.

Did this mean that the technical system was completed? Could the power
in the rivers be fully exploited? In an analysis of the practice of the 1899
King’s Vein decision, I have shown that the principle of the natural flow
rule still held firm. The government terms stated, carefully not violating
the 1880 water law ordinance, that dams could be built but the water flow
could not be altered. Engineers had to reconstruct the river’s natural flow
and let the water flow through dams and turbines imitating the river’s natu-
ral current. As a result, the indisputably largest power plant at Trollhdttan,
had to produce power from a water flow varying between 300 and 800
cubic meters per second. To uphold the natural water level so-called dam
tables were worked out for the dam owner to follow. It is debatable that
these tables could reconstruct a natural run-off. At this time, knowledge of
discharge in the watercourses was diffuse. Manipulating the system was
most likely possible. Using formulas from scientific literature to determine
run-off in Swedish rivers did not automatically provide first-class results.
As alleged by a opponent of a calculation made by a professor:“Every wa-
tercourse has its own character, and it is not granted, that River Klar, will
force upon itself, a formula, set up for the Mississippi.”® In this situation,
the hydropower industry could only guarantee delivery of electricity equiva-
lent to the minimum river discharge.

A decision in 1915, however, which allowed regulation of the previously
mentioned Lake Skagern, changed this practice. The result of the 1899 King’s
Vein decision was at first sight a setback for the hydropower industry. How-
ever, it favored them in the long run. Their expansion was virtually un-
stoppable because of the major investments in dams, power stations and
distribution lines to industries, which in turn had changed their energy
sources.

So, who were the actors that forged the legislation to adjust it to the
new technology? The advocates could be found in what was called The
Swedish System, a mixture between one State and several private power
companies. This organizational structure arose during the period of West-
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ern European history known as organized capitalism. In organized capital-
ism, industrially rooted actors were given greater freedom of action. The
Swedish System was ideologically charged. It was an industry-friendly and
large-scale model, which was created at a time when democratic principles
had not yet been introduced into Sweden. When the actors set themselves
up as system builders, they were crossing a boundary. The group of about
ten actors, consisting of engineers who owned hydropower companies,
leaders in the State hydropower production, consultant engineers in the
water development area, and water rights lawyers. Organized capitalism
gave the Hydropower Developers more room to maneuver in the public
sector. They were active over a wide area and were involved on many fronts.
Their goal was to make Swedish hydropower always available and not de-
pendent upon non-regulated and fluctuating rivers.

Making the Swedish hydropower system complete

The prospects were promising. The political climate became more and
friendly towards the growing industry. The technical problems had been
solved. Investments were being made in the new, large power stations. It
was thus absolutely essential for the hydropower industry, both public and
private, to change the legislation, partly so that they could fully exploit the
major investments, and partly for the sake of future expansion. The moti-
vation was thus not only the need for more power, but also the need to
demonstrate the reliability of the new system. The system developers in
Sweden had to show that the energy system could grow and satisfy the
power demand.

The hydropower developers were supported by the engineers of the
modernizing Sweden in their frustration over a King’s Vein that allegedly
had a“paralyzing effect on industry which would flourish at Sweden’s
magnificent waterfalls.”. They considered that the water“uselessly run away
through the holy King’s Vein!”

Industry-friendly members of Parliament went on the offensive. For those
wanting to industrialize the Swedish rivers, it was vital that water legisla-
tion incorporate the principle concerning reasonable use. Owing to more
intensive exploitation of natural resources by both farmers and industry,
the divide between the advocates for the two different principles of water
allocation widened towards the end of the nineteenth century. It became a
political affair and a legal power struggle.

On the other side, who were the opponents to the industrialization of
the water system? It was the log-drivers and farmers in the early twentieth
century who became the opponents to the big hydropower companies. Their
interests where contradictory and this raised the political and legislative
question concerning which interests controlling the flow of water were to
be given priority. At this stage, as mentioned, the natural flow rule was
becoming increasingly important to the agrarian interests because of their
ever more intensive land use. Owing to more intensive exploitation of natu-
ral resources by both farmers and industry, the cleavage between the advo-
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cates for the two different principles of water allocation widened towards
the end of the nineteenth century. Opposition also arose because the
riparians felt their rights of ownership to the land threatened if the water
were raised above the shores during the vegetation period. This threatened
the core of the small farmer’s identity—his ownership of land. Further-
more it turned upside down the long traditions in the early 20 century of
rules for interplay between riparians in water systems. In practice the legal
protection the riparians had trusted in faltered under the pressure from the
hydropower interests. It also disrupted their understanding of nature. The
new regulation technique, which was to interplay with the demand for
electricity from industries and towns far from the local community, would
alter the rivers as they had known them.

A political campaign waged during the first two decades of the twenti-
eth century to introduce Swedish legislation based on reasonable use. The
Hydropower Developers had a decisive advantage in this struggle. They
were strategically placed in Parliament, and they participated in the com-
missions which drew up suggestions for a new water law, and they gained
from the general political context in Sweden by the beginning of the 20™
century.

Parliamentarianism was on the way in Sweden. In 1907 the right to vote
for Parliament was extended to all adult men. The relative strengths in Par-
liament consequently shifted. Certainly, the number of speakers for agrar-
ian interests diminished. It was a matter of urgency, nonetheless. New
political winds, principally represented by the Social Democrats, could
however end the positive movement for the Hydropower Developers. The
Left forces were not opponents to development of rivers, but they were
supporters of stronger State control of hydropower development. Profits
from the expansion of power should benefit all the members of society.

The Hydropower developers aim was to“work for the rapid and rational
utilization of hydropower for the benefit of industry and the country.”Their
first goal was to establish”a practical water law”, by awakening an interest
in “macro-economically justified regulation of water level in lakes.” An-
other method of achieving their aim was to interpret decisions on water
distribution in a new way. Such decisions were no longer to be regarded as
political questions, even if their own actions can clearly be seen an effi-
cient political maneuvering. Consequently, the traditional definition of the
natural flow rule was claimed to be out-of-date. Instead, the principle of
reasonable use was given an ideological image associated with modernity
and rationality. The Hydropower Developers directed their campaign for a
new water legislation towards de-politicizing the limits for enterprise by
precluding direct political influence. The decisive instrument was the move
to establish special water courts, which would decide about water-related
civil engineering projects. Water politics were also influenced by non-do-
mestic events. With the First World War, a difficult power supply situation
arose in Sweden. It became increasingly clear that the country needed to
focus on domestic sources of energy. The agrarian interests finally gave
way under this pressure.
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In 1918, the new Water Act was passed, and brought with it the
riparianism principle of reasonable use into Swedish law. If the benefit could
be shown to be three times greater than the damage caused to fields and
meadows and twice the damage to other property, water-related civil engi-
neering projects and regulation of the water flow were allowed by the newly
established water courts. If these conditions could not be fulfilled, but the
enterprise was of considerable benefit to business or community, water-
related civil engineering projects could be permitted by the government.
The most important de-politicizing instrument was the move to establish
special water courts that would decide about water-related civil engineer-
ing projects. The new water courts would not be peopled only by lawyers;
technicians would also be decision-makers.

This provided the terminus in the first conflict over Swedish hydropower
development. Substantial regulation of water had become possible. An ex-
panding technical system was now in balance. The campaign for new wa-
ter legislation, and the introduction of the principle of reasonable use, was
a success. Now it was the closing off of water, and not keeping it open,
which was given priority. A reverse salient in the technical system was a
thing of the past. It can be claimed that the 1918 Water Act became an
element of the socio-technical system. The power over the Swedish rivers
had tipped over to those who wanted to industrialize the flowing water.

Epilogue

Not until the 1950s can we trace some ecological criticism, at this time
still essentially esthetic, concerning the impressive harnessing of Swedish
rivers. These critics were an elite of environmentalists, scientists and tour-
ists who wanted to preserve parts of the water circulation in its natural
state, especially in the north of Sweden. After 1970 environmental groups—
The River Savers, with a distinct ecological platform—protested against
hydropower development. These River Savers are said to form the founda-
tion of the environmental movement in Sweden (Jamison et. al., 1990).The
environmentalists became a new group protecting the principle of natural
flow, at least for some of the Swedish rivers. After nearly one hundred years
of one-dimensional use of the Swedish rivers, voices for open rivers were
raised, this time in the name of protecting nature itself. Like the hydro-
power developers at the beginning of the century, they had to start with a
political campaign. Their first victory was”The Peace in Sarek”(1963) when
the hydropower industry promised for the first time not to exploit some
rivers. In 1993 the four most important unharnessed rivers—the Torne, Kalix,
Pite and Vindeln—were declared”National Rivers”by Parliament and were
to be free flowing in the future. This must be regarded as a great victory for
the modern anti-dammers. However, we have to keep in mind that up until
today 70 percent of the power in the Swedish rivers already has been in-
dustrialized (Lofgren, 1997).

This shows that the concept of free-flow must not be interpreted as”natu-
ral,”that is to say never touched by man. During the late 20th century new
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environmental politics have led to new stipulations on dam operation in
many places. For example at the Glen Canyon Dam it is no longer power
demands that predominate the way water is let into Grand Canyon (Aton
and McPherson 2000, p. 168). However, the water current could at any
moment be altered again.

Summary

Man wanting to fetter the water circulation has at all times been a part
of human civilization. It has affected both areas with abundant water and
arid regions. During the 20th century hydropower development has played an
important role in transforming rivers from free flowing to water systems con-
trolled by man. These transitions can be discussed in technological as well as
in a social perspective. However, the concept socio-technological system
opens for an integrated analysis of these altered rivers.

The radical harnessed river is in this article described as an industrial-
ized river—a river with its run-off rationalized and made into a production
system generating electricity. This idea in its simplest form was explained
by one of the Swedish hydropower pioneers as storing ”Sunday water."The
electricity system can furthermore be described as a seamless web—to use
Thomas Hughes’metaphor. In this article the industrialized river is integrated
in this seamless web, which also consists of distribution and transmission
lines, hydropower plants, dams, institutions, organizations and actors.

Attention has been called to the social aspects of developing this socio-
technical water system.To analyze the integration of social institutions regu-
lating water infrastructure I have discussed this aspect of the early
development of hydropower in Sweden. It has been especially emphasized
that these institutions can be of hindrance or support to the build up of a
water system, in this case a hydropower system.

Because of the abundant water in the Swedish landscape, many water-
associated activities had to coexist. The waters of rivers and watercourses
were linked to other alterations in the landscape, for example drainage of
land used for agricultural purposes. In agrarian Sweden, there was a multi-
purpose aim of keeping the rivers flowing naturally, as opposed to dam-
ming them. A legal institute, with roots in mediaeval law, King’s Vein,
secured river passage for migrating fish, minimized flooding, protected
navigation and became the “high way” of log-driving. The King’s Vein rep-
resented the legal principle of natural flow. This was the legal principle,
and a social reverse salient, that the Swedish hydropower pioneers came
in conflict with. They had to defeat it to make the hydropower system a
functioning technical system.

During the 20th century, the social benefit of a one-dimensional use—
power-generation—of the rivers became more valuable. After a very effec-
tive campaign by the hydropower pioneers and under the pressure on the
country during First World War, it was made possible to introduce the prin-
ciple of reasonable use in a new water law 1918. With the support of this
new water law the power companies from now on could regulate rivers
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and make lakes into reservoirs. The long era of Swedish hydropower de-
velopment had begun. Thus the Swedish example illustrates that the ac-
tors can recreate social conditions in order to serve their technical ends.
The extent to which the actors achieve their goal depends on the society in
which the technical system is created.

Both free-flowing as well as industrialized rivers call for political con-
trol. In that respect the relations of power in the society are reflected in the
way the water circulation is dominated (Worster, 1985 and 1986). Conse-
quently the Large Technological System bears the stamp of the society in
which it originates.

Notes

1. Henry David Thoreau quoted from Donahue 1989, p. 54.

2. Letter from Gustaf Grevilli to William Olsson, 18 March 1906, William Olsson Archive

F 3: 22, in Museum of Science and Technology, Stockholm.

Swedish: “vattenbehallare”.

Swedish: “séndagsdygnsvatinet”.

The article is an expanded version of some results and discussions presented in my

thesis from 1996“The Industrialization of Rivers. Studies on the development of Swed-

ish hydro-power, 1900-1918” [“Industrialisering av dlvar. Studier kring svensk

vattenkraftutbyggnad 1900-1918”]. For references, see my thesis (Jakobsson, 1996).

6. It is worth observing that, today, when talking about a non-harnessed river, we add
the prefix free flowing or call them wild stream, to emphasize their natural state. See
for example Waters, 2000.

7. This is not an established concept for hydropower development in Sweden. The ex-
pression is taken out of an expert examination during a trial 1910 on building a hydro-
power plant and a dam: “The industrialization of River Gullspang, i. e. the alteration
of the water flow for the advantage of a rational utilization of the hydro power have
already been started ... so as its river regime is rather irregular and dependent on
human interventions, especially at lower water levels”(Record book, 1 November 1910,
§ 116, A 1a: 34, Olme, Wisnums och Wiise District Court, in Kristinehamn District Court).

8. Hughes, 1987, p. 51.

9. For discussions and examples of other systems of water legislation, see Teclaff 1972,
Dunbar 1983, Wisdom 1975 and Glick 1970.

10. Riparianism has its origins in countries with private landownership. In states with a
strong central regime, navigable floods are often exempted from this principle (Teclaff
1985, p. 6-7).

11. ”Sénkta och torrlagda sjéar”, SMHI Hydrologi, nr 62, 1995.

12. Despite the name there are no signs of possession of King’sVein by the kingdom. The
first element—King’s, is interpreted as the King being entitled to keep King’s Vein
open. At the end of the 17th century the King guaranteed“an open way in all rivers
and rapids all over the country”. This could indicate that the principle of natural flow
was not followed.

13. Report, 6 September 1906 by Sven Liibeck for Vattenbyggnadsbyrén, Dejefors Kraft och
Fabriks AB ¥ 2D: 1, in Véarmland Archives.
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