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ABSTRACT

Tikkurila dam is in the River Keravanjoki in the centre of Vantaa and it has
lost its original function of providing water power for linseed oil production.
The dam is an important part of the historical factory surroundings of
Vernissa, but it is in poor condition and in need of refurbishing. The dam is
an obstruction for migratory fish species that try to climb upstream to
spawn and the waterfront is heavily focused by recreational pressure. All
these factors combined have set the dam removal decision-making
process in motion. The project has been carried out by Ramboll Finland
Oy for the city of Vantaa since 2014 and the plan implementation and dam
removal is expected to take place in 2019.

This thesis introduces the project process and the case area of Tikkurila
dam. It also aspires to evaluate the physical, biological and cultural
changes in the case area resulting from the dam removal and river
restoration and to form a monitoring programme to survey the main
outcomes. One objective is to review how the benefits and losses in
ecological quality compare with those in cultural quality. A literature review
has been conducted on free-flowing rivers, the effects of dams on river
integrity and ecosystem, dam removal and river restoration processes and
possible dam removal outcomes. The evaluation of changes has been
performed by using the ecosystem services approach as a framework. The
study indicates that the ecological benefits obtained by performing the
dam removal and river restoration are greater than the losses in some
cultural services (i.e. culture-historical surroundings). The dam removal will
affect many services in the area, but most importantly will restore the
integrity of the natural river ecosystem. The effects should be monitored
through key indicators of the most essential services. The study was
cohesive with the literature review and it suggests that dam removal
projects should be carried out as a multi-disciplinary and co-operative
process.

Key words: Dam removal, river restoration, monitoring program, urban
ecology, ecosystem services, free-flowing waters
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Syksy 2017
THVISTELMA

Tikkurilan pato sijaitsee Keravanjoessa, Vantaan Tikkurilassa. Se on
menettanyt alkuperaisen tarkoituksensa tuottaa vesivoimaa vernissaoljyn
tuotantoon, mutta on edelleen tarkea osa Vernissan teollisuushistoriaa.
Pato vuotaa ja on laajan kunnostuksen tarpeessa. Pato ja huonosti toimiva
kalaporras muodostavat kulkuesteen vaeltaville meritaimenille, jotka
yrittdvat paasta ylavirtaan kutemaan ja jokirantaan kohdistuu suuria
virkistyksellisia paineita. Nama tekijat yhdesséa vaikuttivat paatokseen
aloittaa selvitys padon poiston mahdollisuuksista. Projektin on tehnyt
Ramboll Finland Oy Vantaan kaupungille. Esiselvitys kaynnistettiin vuonna
2014 ja suunnitelman toteutus ja padon poisto tulee todennakoisesti
tapahtumaan kesalla 2019.

Tama opinnaytetyd kuvailee projektin eri vaiheet ja Tikkurilan padon
alueen ominaisuudet. Opinnaytety0ssa pyritdan arvioimaan padon poiston
ja jokikunnostuksen aiheuttamat fyysiset ja kulttuuriset muutokset alueella
Ja muodostamaan seurantaohjelma, joka keskittyy tarkeimmiksi
havaittuihin muutoksiin. Yksi tavoite on my6s arvioida muutoksesta
aiheutuvien ekologisten ja kulttuuristen ominaisuuksien hyotyja ja haittoja
keskenaan. Kirjallisuustutkimus on tehty vapaista virtavesista, patojen
vaikutuksista jokien eheyteen ja ekosysteemiin, patojen poiston ja
jokikunnostuksen prosesseista ja mahdollisista patojen poiston
lopputuloksista. Muutosten arviointiin on kaytetty ekosysteemipalvelu-
nakokulmaa, koska se mahdollistaa kulttuuristen ja ekologisten
vaikutusten vertailun rinnakkain. Tutkimuksen mukaan padon poiston ja
jokikunnostuksen ekologiset hyddyt ovat suuremmat, kuin padon poiston
kulttuuriset haitat. Padon poistolla on vaikutuksia moniin
ekosysteemipalveluihin alueella, mutta tarkeimpané on joen eheyden ja
luonnollisen ekosysteemin palautuminen. Vaikutuksien seurantaa tulisi
tehda paaasiassa avainindikaattorien kautta, jotka muodostuvat projektin
tavoitteista. Tutkimuksen tulokset ovat yhtenevaiset kirjallisuustutkimuksen
kanssa ja sen mukaan padon poisto-projektit tulisi toteuttaa monialaisina
ja yhteisty6painotteisina prosesseina.

Asiasanat: padon poisto, jokikunnostus, seurantaohjelma,
kaupunkiekologia, ekosysteemipalvelut, vapaat virtavedet
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1 INTRODUCTION

This thesis records the process of a project that started as a pre-survey for
the rehabilitation of the Tikkurila dam and developed into the realization
plan of the rapid Tikkurilankoski. The project has been carried out by
Ramboll Finland Oy for the City of Vantaa, starting in 2014 and continuing
at least until the year 2019, when the dam removal presumably takes
place. The author of this thesis has been involved in the project from the

start as a project coordinator and landscape designer.
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Figure 1. The main parameters of a liveable city (Liveable cities 2015, 19).



Urbanization is one of the megatrends of our time. Now, half of the world
population lives in cities and this causes many urban challenges, such as
social issues, pollution and scarcity of water. People move into cities
seeking a better life and this drives the demand for liveability. The
definition of liveability is unique in every city, but the approach of liveable
city development is holistic, multi-dimensional and sustainable. It involves
cultural, social and physical capital and values, and allows people and
society to develop prosperously. (Liveable cities 2015, 2-19.)

Case Tikkurila is a good example of liveable city development because it
has a holistic approach and it strives for a more resilient urban
environment not only for people, but also fish and other organisms of
nature. The demand for the project arose from the fact that the dam
needed refurbishment and there was great technical and political ambition

for studying the possibilities of removing the dam.

From the very start of the process it was apparent that there were three
principal factors affecting on the dam removal question: fish, cultural
history and recreation, and that there was a contradiction between
removing the dam for improved fish passage and preserving the dam as
part of the cultural historical integrity. The process has engaged an
extensive network of experts, stakeholders, decision-makers and
residents, ensuring that the ambitions and opinions have been heard and

the result is accepted by a majority.

In the pre-survey phase, multiple alternatives were examined to map out
the viable solutions, their effects and crude costs. The alternative, which
suggested total or partial removal of the dam and a long river restoration
area, was chosen by the technical board on 18 August 2015 to continue
with in general planning. A landscape architecture competition was
arranged starting in August and ending in November 2015. The winning
design was called “Keidas” and it was designed by Loci Maisema-
arkkitehdit Oy.



The general planning phase included conducting numerous surveys,
compiling the application for a water permit, modelling the channel
hydraulics and designing the dam removal, fish ladder reuse, the channel
structure and the river banks on the upstream side of the current dam. The
technical board of Vantaa accepted the general plan and dam removal on
the 8th of November 2016. At present, the detailed planning phase is
underway and likely to finish in early 2018. The water permit is expected to
be granted in the spring 2018 and dam removal and river restoration to
take place in the summer 2019.

The main objectives of this thesis have been to record the process and
goals of the Tikkurila dam project, evaluate changes in the physical,
biological and cultural environment when the plan is implemented by using
the ecosystem services approach as a framework and to form a monitoring
programme for getting valuable information on the ecosystem
rehabilitation after the dam removal. This thesis includes a short literature
review on the effects that segmenting rivers have on social, culture and
physical capital, how dam removal processes could be conducted to
achieve a result where all stakeholders have been heard and how dam
removals are expected to change the river ecosystem.

Dam removal is a topical issue in Finland. Even though dam removals and
restorations for fish have been performed for decades, the case of
Tikkurila dam represents a new generation of projects where cultural
environment is modified to support urban sustainability and resilience.
Fervent discussions are undertaken on numerous dams in the largest
cities in Finland, such as the dam of the rapid Vanhankaupunginkoski and

the dam of the rapid Tammerkoski.



2 BRIEF REVIEW ON DAMMING AND UNDAMMING RIVERS

Rivers are lifelines that constitute an immense part of all ecological
processes on earth. They provide an immeasurable amount of services to
all life on earth. The view on rivers has through the ages been
anthropocentric, leading to regard them as a commodity. From an early
stage in human history, societies have been established near rivers, since
they have provided food, water and security. The extent of exploitation has
left our rivers polluted, segmented and degraded. Even though the
consensus has been shifting towards restoring the state of our rivers and
water systems, the growing population and increased urbanization has led
to a demand for more food, electricity, irrigation and other services
provided by rivers. There has been a lot of debate globally on preserving
our few free-flowing rivers and removing dams to restore the integrity of
rivers. Dam removals have been carried out extensively globally and it is

becoming more and more common, as the benefits are revealed.

2.1 Free-flowing rivers and the threats dams impose on them

A free-flowing river is a river that flows undisturbed from the source to its
mouth, into the sea, a lake or another river. The ecosystems of a river and
its landscape are formed of five main components that each contribute to
the integrity of a free-flowing river. The components are physical habitat,
flow regime, energy and food base, biological interactions and water
quality. WWF 2006, 2.)

Free-flowing rivers have been recognized through the ages as one of the
most vital ecosystems to sustain human life. Therefore, undisturbed rivers
are increasingly rare and most have been extensively modified with weirs,
dams and drainage channels. These measures have mostly been carried
out to harness the provisioning services i.e. the products obtained from
river ecosystems, such as water, food and energy. However, in recent
years, recognition of equally important, regulating and cultural services
has been growing. (WWF 2006, 2-4.)
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Figure 2. The interactions of a free-flowing river (WWF 2006, 2).

Dams impair many of the ecological functions provided by different flow
levels (see figure 3). It has been estimated that freshwater biodiversity is
degrading more rapidly than any other ecosystem. (WWF 2006, 10-11.)

The modification of rivers will lead to several declining regulating services.
It can increase evaporation loss, age runoff resulting in poor water quality
(water will be 2-4 times older when it reaches the mouth), interrupt the flow
of carbon, change nutrient balance and alter oxygen and thermal
conditions. Rivers carry a lot of sediment to estuaries. By damming a river,
the sediment will be deposited in the dam pool, leading to multiple
problems when the sediment gets free, releasing also the nutrients and
pollutants collected in the sediment. (WWF 2006, 6.)

The size of the dam must be considered when analysing the effects it has
on the river. Whereas large dams create large reservoirs, have sediment
deposits and store inflows, small run-of-river dams have very few effects
on the flow of water downstream, preserving the flow levels and
seasonality on the river reach. (The Heinz Center 2002, 24-25.) However,
the removal of small dams might have extensive effects on river ecology
by enabling fish passage and restoring ecosystems on long river reaches
(The Heinz Center 2002, 50).



Damming and fragmenting rivers will most probably have a negative effect
on fish production on both sides of the dam. The most radical impact will
be targeted at migratory fish species. (WWF 2006, 5). Free-flowing rivers
help ecosystems adapt to climate change by allowing warm-water fish to
expand in the north and the south (WWF 2006, 7).

Figure 3. Ecological functions provided by different flow levels (WWF
2006, 10).



“Dams and other infrastructure fragment 60 per cent of the
large river systems in the world (MEA, 2005).” (WWF
2006, 11.)

Dams affect freshwater ecosystems by:

- Dividing the river and cutting off connections
- Disconnecting rivers from their floodplains and wetlands
- Reducing water speed in river
- Obstructing migratory fish movement
- Flooding habitats of low water levels, such as rapids and riverbanks
- Preventing natural sediment movement to deltas etc.
- Affecting natural nutrient cycle
- Reducing flood pulses, therefore influencing the downstream
riparian and wetland ecosystems
- Often reducing water quality and the waste processing capacity
- Altering temperature
- Releasing water at artificial times and volumes
- Impairing oxygen levels
- Changing chemical composition
- Hosting non-native and invasive species
(WWF 2006, 12.)

The upkeep of a dam is usually expensive, and their useful life expectancy
is quite short. Dam safety is often an issue because a dam failure can lead
to unexpected floods and even to the loss of lives. Recreation near dams
(fishing, canoeing) might also result in accidents. (The Heinz Center 2002,
41-45.)

Dams also contribute to global warming. It is estimated that the reservoirs
they establish produce as much global greenhouse gas emissions (mainly
methane) as global aviation. (International Rivers 2017.)

Damming rivers was most popular in the 20" century. The decline in the
number of large free-flowing rivers started in the beginning of the 1900s
and by the 1980s fewer than 50 % of the largest rivers were undammed.



For the last three decades building of new dams has been moderate, but
there is a rising need to harvest water for energy and supply along with
mitigating climate change effects on urban structures, posing a threat to
the surviving free-flowing river ecosystems. (WWF 2006, 15.)

Dams in the US have been built mostly to harness water and produce
power and electricity. Other reasons have been to create reservoirs for
recreational purposes, have water storage for fire extinguishing and
farming, improve flood control, ensure sufficient water supply for urban,
domestic and industrial use, trap water for irrigation, build waste disposal
ponds and ensure navigation on the inland rivers with adequate water
depth. (The Heinz Center 2002, 32-40.)

In recent decades, the impacts dams impose on ecology and hydrology
have become more widely recognized. Fish and fauna passages have
been constructed for many years, especially in northern Europe. The
problem with the technical solutions is that they only work for a few
species and will not benefit the other aspects of a free-flowing river. A new
trend, especially in northern Europe and the US is to conduct a full
restoration and removal of the barrier. In energy production, the interest
has been shifting towards wind and solar energy instead of hydropower.
However, the use of hydropower is still increasing globally, and the main
focus is in China and Asia (see figure 4). (Adamsen, 2015.)
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Figure 4. Worldwide hydropower capacities (Adamsen, 2015).

2.2 Dam removal and decision making

Dam removal is a complex process and the decision should be made with
careful consideration of the benefits, detriments and effects it will cause.
The removal process is site-specific and in most cases, there are
competing values and perceptions to consider. A dam removal project will
be acceptable to managers, decision makers and the public, when it
considers administrative, political, social and environmental issues and
takes economic values into account. (The Heinz Center 2002, 79, 96). A
general method for making decisions about dam removal proposed by The
Heinz Center is represented in figure 5.

To perform step 1, a diversified stakeholder group needs to be assembled.
In the first step, the group is to evaluate the original purpose and need for
the dam in present situation. Another question to address is the additional
concerns that have arisen since the dam has been built (e.g. safety
issues), which might challenge the outright need for the dam. (The Heinz
Center 2002, 80-83).



After the issue of leaving the dam in place or removing it has been settled
on in step 1, a transparent review should be carried out to identify
stakeholder controversies and concerns. The project group needs to
involve experts from many different fields and institutions, and the review
should include views from different owners in the area (dam owner, land
owners etc.), local government and federal regulatory agencies, non-
governmental organizations and groups and the individual citizens. An
extensive involvement of stakeholders will be the best way to compromise
and reach a credible decision about dam removal, and it might even create
new innovations and reveal concerns to be addressed in an early stage. In
most cases, the project group needs to address at least the issues that are
presented in figure 5. (The Heinz Center 2002, 84).

[ Step1: Define goals and objectives |
For keeping dam: For removing dam:
Water supply Safety & security considerations
Irrigation Legal & liability concerns
Flood control Recreation
Hydroelectric power Site restoration
Navigation Ecosystem restoration
Flat-water recreation Water quality
Waster disposal

I Step 2: Identify major issues of concern
Safety and Biwirstmpatil Legal and
Security ¢ Administrative
Social Economic Management

: Collect and assess data

Legal Physical Biological Economic Social
(Chapter2) | (Chapter 4) (Chapter 5) (Chapter 6) (Chapter 7)

Step 4: Decision making Leave in place

Remove

l Step 5: Dam removal I

| Step 6: Data collection, assessment, and monitoring I

Figure 5. Dam removal decision process. (The Heinz Center 2002, 80.)



Step 3 consists of data collection and assessment. The Heinz Center
suggests it to be performed with the help of a list of indicators that will be
guantified and measured, and the outcomes predicted. Other similar
rivers, both with and without a dam can be perceived as points of
reference. (Dam removal, 88-89)

Once enough data has been collected, the assessments conducted,
stakeholders and the public heard, and legal issues tackled, decision
making takes place. The process will most likely focus on scaling the
concerns of safety, economics, ecological drivers and benefits, societal
views, legal issues, public interest and support and interests from local to
international level. (The Heinz Center 2002, 89-94.)

Step 5 is the actual dam removal, which should be designed carefully
taking all aspects (engineering, environmental, social, economic) into
consideration. After removal, it is essential that sufficient monitoring takes
place (step 6). Monitoring will give information on how the objectives of
removal project are met. It will also give data on how the ecosystem
adapts and recovers, which can be used as reference in other dam

removal projects. (The Heinz Center 2002, 94-95.)

2.3 River restoration

Restoration or rehabilitation of rivers is a common goal of a dam removal
project. Restoration can either be a passive or an active process, or both.
(The Heinz Center 2002, 140-145.)

Passive restoration uses the natural river processes
following their own timetable. Active restoration involves
direct actions and management to assist in the restoration
effort. (The Heinz Center 2002, 145.)

The rate of a passive restoration might be slower than that of an active
one, and it may not reach all goals that have been set for the project, as
the active restoration success is dependent on the expertise of the



restoration group and luck. Often the best approach is to use both, active
and passive methods. (The Heinz Center 2002, 148-149.)

There are numerous factors that affect restoration success rates.

Physical habitat. The size of the dam, reservoir, and its location in the
watershed effect on the revival capacity of the river reach.

Restoration of terrestrial and riparian vegetation. The integrity of the
riparian corridor and effectiveness of riparian and watershed vegetation
support the physical and biological components of the aquatic ecosystem.
Size of disturbed area and upstream sources of drift. Great distances
to colonizing macroinvertebrates and fish decrease the possibilities of a
successful restoration.

Continued disturbances. Disturbances (i.e. land use changes upstream
causing flow control) slow and limit the restoration rate.

Frequency of previous disturbances. Aquatic community that has
experienced disturbances may have the ability to revive more effectively
than a community that has seen few to no disturbances.

Presence and proximity of refugiums. The smaller the distance to
recolonization organisms is, the better are the possibilities for a successful
restoration.

Flushing capacity and persistence of disturbance. If the sediments
behind the dam are not flushed from the system quickly, the system takes
more time to recover.

Watershed characteristics and land use. If the watershed includes i.e.
agriculture, logging or mining activities, it is prone to experience sediment
and flow disturbances.

Timing of disturbance and life cycles of the biota. The life stage and
the species distribution of the colonizing population might affect the
sequence and succession of the restoration.

Nutrient input and recycling. Low nutrient input and turnover in the
system indicate low resilience, which might lead to poor restoration

Success.



Location of disturbance in stream course and stream order. If the dam
removal occurs lower in the river system, there is a larger pool of
recolonization organisms available.

Water quality. Water quality has high effects on restoration success rate.
Upstream watershed. High integrity upstream can indicate better
possibilities of successful restoration.

Temperature. Thermal regimes define a large part of the aquatic
assemblage after the disturbance.

Sediment. Increased turbidity and sediment levels after dam removal can
affect heavily on downstream ecosystem and delay the recovery.

Heavy metal mobilization. Mining waste and heavy metals can be
trapped in sediments and impact on water quality after dam removal.
Dissolved gas. Water released during a dam removal might increase the
levels of total dissolved gases downstream.

Organic matter transport. Sunken trees, aquatic plants etc. can be
mobilized and build up organic matter and carbon supply downstream.
(The Heinz Center 2002, 149-156.)

Measures for biological diversity, abundance, and ecosystem processes
are considered key indicators when assessing restoration success on the
field. (Palmer et al. 2014, 256.)

Palmer et al. (2014) have listed three dominant perspectives on river

restoration methods.
Restoration as channel design

The science and practice of channel design has been used in a majority of
river restoration projects. It considers flow as a master variable in riverine
ecosystems and focuses on forming the channel, possibly by using
boulders, wood and armoured banks to slow water and prevent erosion.
The method suggests that when the channel is equipped to handle flow
and sediment fluxes, ecological processes will be restored. The method
has been widely critiqued and there are numerous examples of project

failure due to primary focus being on channel form or physical structures



instead of ecological processes. Often water quality is the factor that
affects most on successful restoration, and in many channel design
projects it is overlooked. (Palmer et al. 2014, 249-251.) In many projects
where channel design was used to improve stability as the primary
method, success has been moderate. Even though the projects have
shown progress in habitat, channel form, substrate or local velocity, few of
them have succeeded in restoring biodiversity. (Palmer et al. 2014, 259.)

Restoration of ecological function

Restoration of ecological functions is an emerging approach to river
restoration and it goes beyond hydrogeomorphic processes and includes
also restoring ecological processes. The method considers restoration of
structural ecosystem features (e.g. riparian vegetation) and ecological
processes (i.e. nutrient cycle). This approach has become more popular
partly due to increasing interest towards ecosystem services. (Palmer et
al. 2014, 251-252.) In the research Palmer et al. (2014) performed the
highest success rates were in the projects that involved riparian zone
restoration which includes either planting native vegetation or removing

non-native vegetation. (Palmer et al. 2014, 262.)
Restoration beyond the channel and beyond the disciplinary silos

This method suggests that the stressors (e.g. uncontrolled stormwater
runoff) affecting the stream are outside of the channel in the watershed
and once they have been removed, the stream will recover on its own.
Dam removal projects are a good example of functional restoration that
targets problems at their source. There have been many successful
projects involving watershed-scale restoration. (Palmer et al. 2014, 252-
253.)

2.3.1 The effects of dam removal

The ecosystem is impossible to restore to the pre-dam condition, but a
primary goal of restoration should be the recovery of the system to an



approximation of its undisturbed condition. (Dam removal, science and

decision making, 141)

The removal of a dam will not completely restore the past conditions of the
river, but it provides a more natural aquatic environment in place of the
dam, and most importantly it enables the processes of a free-flowing
watercourse that works as an integrated system. River ecosystem
functionality is sometimes difficult to predict, because of the complex
riverine systems and the interrelated changes in them. (The Heinz Center
2002, 6-8.)

The outcome of a dam removal depends on the size of the dam. Run-of-
river dams might have very little effects on the physical and biological state
of the river, as large dams significantly alter the entire river downstream.
(The Heinz Center 2002, 98, 102.)

According to a study performed by Bednarek, the most important
ecological measures for assessing the effects of dam removal are flow,
shift from reservoir to free-flowing river, water quality, sediment release

and transport and connectivity. (American Rivers 2002, 1.)

The natural flow regime of a river supports a large diversity of species,
both aquatic and terrestrial. The flow regime in a free-flowing river
changes in magnitude, regularity and seasonality. Dams affect a river’'s
flow fluctuations by storing water in the reservoirs. This can alter the
aquatic community by limiting diversity to a few species that can survive
the changed flow conditions of the river. Research shows that by removing
a dam and restoring the natural flow regime in a river, biodiversity and the
density of native species are increased. The removal of dams might also
enhance the reproduction rates of migratory species, since they often
depend on high flows to get to their upstream breeding grounds.
(American Rivers 2002, 2-3.)

Dams create reservoirs, which provide habitats for species that survive in

a lake-like warm-water environment and accordingly the composition of



the aquatic community is likely to change. According to research, restoring
the natural riverine conditions allows the revival of native cold-water
aquatic species and terrestrial species, whereas the species that have
survived in the reservoir will most likely decline. (American Rivers 2002, 3-
4.)

Reservoirs have warmer, slower and deeper water, which often causes
poor oxygen conditions in the bottom layer of water. The low-oxygen water
might be released as tail waters, affecting river conditions downstream.
The warm reservoir can create a thermal block for migratory fish,
considering that they are acclimated to colder waters. The removal of a
dam naturally restores the oxygen and temperature conditions of the river.
Drawing down a reservoir needs to be executed slowly and controllably to
minimize the short-time effects of releasing warm, low oxygen waters

downstream. (American Rivers 2002, 4-5.)

Sediment transport is one of the most vital processes of a river, because it
supports riparian and riverine habitats and species. Different flows carry a
wide variety of sediment sizes ranging from small, nutrient-rich sediments
to boulders, accordingly enhancing species diversity and aquatic health.
Often a dam blocks the movement of sediment, causing erosion in the
river channel and stream banks downstream. Changes in sediment
transport might result in inhospitable habitats. Removing the dam restores
the sediment conditions to a pre-dam state. Native species will most likely
benefit from returned natural habitats and breeding grounds, and increase
in numbers. The sediment release might cause short-term increase in
turbidity and poor water quality, and it needs to be addressed especially if
the sediments are contaminated. In most cases the effects are temporary
and timing the sediment release helps mitigate the effects. (American
Rivers 2002, 6-8.)

A dam segments a river and accordingly connectivity both up- and
downstream for migratory fish species and other aquatic species. Dams

isolate populations and habitats by changing the riverine conditions



physically and thermally, subsequently reducing reproduction. Removal of
a dam secures the appropriate timing for breeding, decreases mortality of
fish swimming up- and downstream and supports safe passage for fish of
all sizes. It has been recognized that also non-migratory fish and other
wildlife benefit from dam removal. The integrity of the entire river needs to
be acknowledged - if one dam is removed but several are still in place on
the same river reach, fish migration is yet disrupted. (American Rivers
2002, 9-10.)

Other physical changes resulting from dam removal include channel
forming. Most dams cause channel shrinkage and reduced geomorphic
complexity, because of the lack of peak flows. Often implementation of a
dam reduces the total available space in a channel. The shrinkage of a
channel is likely to be reversed when a dam is removed. (The Heinz
Center 2002, 118-119, 123.)

Social and cultural issues are as important to consider as the physical and
biological qualities of a dam removal process. Often social and cultural
aspects relate to aesthetics, recreation and cultural and historical
preservation and they are vital to involve in decisions, since society pays
the costs of dam removal both in monetary terms and lifestyle changes.
The natural environment has been valued in diverse ways throughout
human history. For a prolonged period, rivers were thought of as a
commodity and damming them was a natural and necessary way to
harness water for power. Only in the early twentieth century was it realized
how important the conservation of resources really is. Today there is a
desire for aesthetically pleasing environments along streams and restoring
riparian corridors for natural species, but a set of values for social and
cultural aspects that apply to every site, is hard to define. Therefore, dam
removal depends largely on the public perception of the project. (The
Heinz Center 2002, 175-180.)

Study has shown that often the public appreciates restoring biological

conditions in a river, and consider it to be important. Kananen found in her



research, that different user groups (fishermen, residents on the riverfront,
kayakers) were favourable towards river restoration and the project had
improved their cultural services and the scenery was considered to be
more beautiful and natural. It had also positive effects on the sound
scenery. (Kananen 2014, 83). Polizzi et al. noticed that most respondents
(85 %) were willing to visit a restored river area more often because of
improved recreation facilities and fish breeding conditions. (Polizzi et al.
2015, 8-9.)

2.4 Experiences from Denmark

The author participated in organizing an excursion to Denmark to learn
about dam removal and river restoration projects. The experiences from

the trip are introduced in this chapter.

Denmark has a long tradition in weir removal and stream restoration,
which contributes to Denmark being one of the best places to fish for sea
trout in Europe. Still there are approximately 3500 weirs in numerous sizes
disconnecting Danish rivers and streams. All the weirs have been planned
to be removed by the year 2021. (Seatrout Fyn 2017.)

Hydropower was one of the reasons that Atlantic salmon disappeared from
Danish rivers. The Atlantic salmon’s life cycle is dependent on migratory
routes between the sea and the upper reaches of the river where its
spawning grounds are. (Adamsen, 2015.)
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Figure 6. The economic cycle of the Seatrout Fyn-project (Kjeldsen 2017).

In the island of Fyn, the project Sea Trout Fyn directs weir removal and
stream restoration. The project was founded in 1990 with a mission to
restore flowing waters to a natural state, to enhance fish stock vitality and
increase the income gained from tourism. The project budget is distributed
as follows: 45 % for sea trout breeding, 41 % for river and stream
restoration, and 14 % towards tourism and marketing. The ten
municipalities of Fyn fund the project yearly to the sum of 4.2 million
Danish crowns and in 2013 the profit gained was approximately 50-58
million crowns, making it a self-sustaining cycle (see figure 6). The profit
flows mainly from fishing tourism. (Kjeldsen 2017.)

Many weir restoration projects include a culture historical reference, since
weirs are often located next to old mills. Some of the mills are in private
possession, therefore involving the owner in the projects as a stakeholder.
Most weir removals and river restorations result from the need to enhance
fish passage, mainly for sea trout and salmon. With fish being the focus,
other circumstances (e.g. cultural history) might be set aside. The
stakeholders and the project group agree on the goals of the restoration

and the museum is rarely consulted, unless there are archaeological



findings or references in the area. The project group is often quite small,

and it rarely involves landscape designers.

In many cases the still pond or the mill cascade has been preserved as an
aspect of culture historical reference. In some cases, it impairs fish
passage downstream since fish swim towards the mill pond instead of the

free passage, because they follow the largest flow.

The river restorations and weir removals are often executed with a
combination of a passive and active approach, implying that only the weir
is removed, and compulsory erosion control and geotechnical measures
are performed to avoid any threats to the built environment around the
rivers, but otherwise the river will be left to restore its ecosystems through
the natural ecological cycle over time.

2.5 Dam removal and river restoration in Finland

The revival of migratory fish populations is one of the key projects of the

Government Programme in Finland. (Finnish government, 2017.)

There is a long history of river restoration in Finland and the restorations
have been usually successful in improving river channel diversity and
enhancing salmonid populations. In a survey performed for fishermen and
residents on restorations of the Rivers Simojoki, Kiiminkijoki and
Kostonjoki indicated that the perceived changes in river landscape and
fish catch influenced how successful the restorations were considered to
be (see figure 7). (Marttila 2017, 2-8.)
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Figure 7. A summary on the questionnaire results for success in
restoration of the Rivers Simo-, Kiiminki- and Kostonjoki (Marttila 2017, 8).
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Figure 8. Dam removals in Finland, most of them have taken place in
eastern Finland in the 1980s and 1990s. (The European dam removal
map 2017.)

Dam removal is a topic that has been getting an increasing amount of
attention in recent years. Finnish rivers have been exploited for water
power, industry and agriculture and it has resulted in rapid degradation of
migratory fish populations. The extensive river restorations and fishing



regulation carried out in the past years will not benefit fish if they are not
able to climb to their natural spawning grounds. (Erkkila WWF 2017, 2.)
Several dam removals have already been executed in Finland, especially
in eastern Finland during the 1980s and 1990s (see figure 8), but there are
still many obstructions on which action needs to be taken.

At the moment there are at least two ongoing programmes that are
investigating dam removal opportunities. One is called exPato and its
goals are to gain a general view on the amount, location, usefulness and
obstruction effects of dams in Finland, to search for new methods of
mapping migration obstructions and develop solution models on cases
where the dam has become purposeless. (SYKE 2017.)

The other programme is called Patokato, which is funded by the European
Maritime and Fisheries Fund operational programme for Finland 2014-
2020 and the Southwest Finland Centre for Economic Development,
Transport and the Environment. The objective is to raise awareness on
fish migration and migration obstructions, initiate the removal of redundant
obstructions in pilot cases, offer guidance with work that is aiming towards
removing migration obstacles and activate and commit local stakeholders
to the removal work. (Erkkila WWF 2017, 3-12.)



3 ECOSYSTEM SERVICES

3.1 Ecosystem services

The concept of ecosystem services (the acronym that will be used in this
thesis is ESS) means the material and immaterial services provided by
nature to humans, society and the rest of nature. In the approach of
ecosystem services, nature is not seen as a limitation, but as a focal part
of the well-being of a human and society. The focus is on the opportunities
provided by nature rather than on the avoidance of environmental
hazards. (Kankanen et al. 2017, 8.)

Sustainable
communities

Environmental
wellbeing

Figure 9. The typology and interactions between different components in
sustainable communities. (Mustajarvi et al. 2017, 3.)

The concept of ESS has been in use since the 1970s, but it was brought
into wider publicity through the UN Millennium Ecosystem Assessment
(MEA) in 2005. The assessment demonstrated that many of the world’s

ecosystems are in danger and the ESS they provide have been weakened



and even vanished. The reason for this is the extermination of entire
ecosystems, the overuse of natural resources, discharge to ground, water
and air, the spreading of alien species and climate change. Humans have
been changing nature’s ecosystems over the past decades faster than
ever before. Human well-being has increased with the changes, but at the
same time the quality of many ecosystem services has been decreasing.
From the aspect of sustainable decision-making, humans can impair the
operation of ecosystems through their actions, but also care for and add to
ecosystem services. (Kankénen et al. 2017, 8.)

Figure 10. Functionality and interactions — ecosystem. (Mustajarvi et al.
2017,5.)

3.1.1 Material and immaterial benefits

Many different practices have been classified as Ecosystem services. This
thesis mostly applies water related ecosystem services that have been
classified in the Cook-book for water ecosystem service assessment and
valuation. The services have been separated into three groups according
to CICES:



- Provisioning services

- Regulating services

- Cultural services
The MA (The Millennium Ecosystem Assessment) separates ecosystem
services into four groups: provisioning, regulating, cultural and supporting,
but CICES treats supporting services as part of the underlying processes
of other services and aims to identify the “final products” of ecosystems.
(Centre for Environmental Management 2010, 3).

With ESS it is vital to understand the integrity of the system (holistic
approach) and the relationships between the services (e.g. causal
connections). Ecosystem services form a network, where every service is

a vital part of the functional ecosystem. (Kankanen et al. 2017, 9.)

Provisioning services are gained from nature, ready to be utilized for
promoting human well-being and economy. The commodities that
provisioning services provide include e.g. nutrition, clean drinking water,
biomass, fuel and building material. (Centre for Environmental
Management 2010, 10).

Regulating services include the ecological processes that provide for living
organisms which support and regulate environment for humans. The
processes can be local, regional or global in scale. Local services include
for example preventing environmental hazards, cleaning air and
pollination. Formation of groundwater is a regional service, whereas coal-
binding and climate-regulation are global services. (Centre for

Environmental Management 2010, 14).

Cultural services are formed from immaterial services produced by nature
for humans, such as recreational, scientific and educational possibilities,
experience of silence and aesthetical landscapes, which might include
significant cultural historical characteristics. (Centre for Environmental
Management 2010, 14).



The ecosystem services approach completes the concept of biodiversity,
which was an important theme in the 1990s. Biodiversity is a basis for all
ecosystems and it ensures ecosystem recovery from changes and
distractions, i.e. ecosystem resilience. The requirements for ESS
production are different ecosystem functions, which are based on
ecosystems biophysical structure and biodiversity. To secure production of
ecosystem services, one has to understand the different external factors
that affect ecosystem functions and ecosystem service production, i.e. the
pressure affecting the ecosystem, the societal ambitions causing change,
the state of a resource or environment, chosen procedures and the effects
of the changes that are caused by human activity. (K&nkanen et al. 2017,
10.)

When mapping ecosystem services it is noticed that multiple benefits can
be obtained from the same area. This “benefit-approach” helps to visualize
how much value biodiversity and ecosystem services can give to societal
and human well-being. This approach also highlights the values of
nature’s distinct parts, such as river or forest. The approach suggest that
the same area can produce many different benefits without some being
threatened by others, e.g. wood production and berry-picking can be
performed in the same area. Recreation and wood production can be
carried out in the same area, if forestry strategy involves recreational
demands and goals. As a concept ecosystem service is anthropocentric:
the goods gained from ecosystem services are recognized primarily
through human and societal needs. However healthy and functional
ecosystems and the services they provide benefit all living organisms.
(Kankanen et al. 2017, 10-11.)

In CICES ESS are seen as commodities, which are produced by different
ecosystems. The commodities are divided into indirect (or intermediate
stage) and final (end product) ecosystem services. One service enables
the production of another service and vice versa: the deterioration of one
service affects the existence of another service. For example, wood that is
harvested from a forest is a final ecosystem service, that benefits society.



Wood production, however, requires multiple biophysical processes and
provisioning services, such as land formation, photosynthesis, nutrient and
water cycle. These services represent the indirect services in the service
chain. The division to two stage-services is especially important in
monetary valuation of ESS to avoid double valuations. (Kankanen et al.
2017, 11.)

3.1.2 Benefit valuation

Nature and ecosystem services have a great socio-economic significance.
ESS are the driving force of world economy and irreplaceable contributors
to the well-being of people and society. Nature supports the economy, e.g.
agriculture and forestry, fishing, travelling and medicine production that are
all based on biodiversity and ESS. Many societal sectors, such as health
and security, are dependent on nature. For example, the pharmaceutical
industry utilizes numerous substances originating from plants. (Kankanen
et al. 2017, 12.)

The recreational use of nature can have significant effects on regional and
national economy. Valuation surveys have compared the costs for
maintaining benefits and services on a recreational area and indicated that
for example economic support for maintaining national parks might be a
cost-effective investment on a regional level. Based on a Nordic estimate,
the economic support targeted for maintenance and recreational
opportunities in national parks in Finland, has been estimated to provide a
profit of 10 euros for every 1 euro regional investment. (Kankanen et al.
2017,12))

The valuation of ESS benefits helps to demonstrate their importance to
well-being. Valuation can also be used to research the effects different
societal solutions have on human well-being and for estimating the value
of environmental impacts of different plans, programmes and projects.
(Kankanen et al. 2017, 12.)



For now, a direct or an indirect monetary practical value has been
specified for only a few ESS. The monetary valuation of ESS has been
resisted, since many of the services provided by nature have no practical
monetary value, but instead ecological, social and ethical grounds to
protect the services are significant. According to sustainable development
principles, the valuation of ESS should regard all three aspects: ecological,
economic and social. In addition to economic criteria, we should gain
knowledge of non-economic criteria, such as nature’s ecological,
aesthetical, cultural and spiritual values. Nature values are usually site-
specific and many ecological functions and the services they provide will
take time to start flowing. When analysing nature values, one should
consider the long time frame and be able to determine the current value of
benefits or losses that realize in the future. (K&ankanen et al. 13-14.)

Every ecosystem service has its users, which leads to stakeholders
valuing ESS and gained benefits differently (e.g. a landowner versus a
recreational user). The value of ESS is always dependent on the
background, appreciation, living conditions and standards of the person
who is doing the valuation. The personal values of those making decisions
and strategic choices have an influence on the state of ecosystems and
the production of ecosystem services. (Kankénen et al. 2017, 14.)

3.2 Water-related ecosystem services

Rivers provide a large variety of ecosystem services (see figure 11) that
produce benefits for the society. The most important products
(provisioning services) that rivers provide are food and fresh water, which
are guaranteed through regulating and supporting services such as water



purification, nutrient cycling and sediment deposition. Rivers also provide

many cultural services varying from recreational benefits to local identity.

Provisioning Services Regulating Services Cultural Services
Products obtained from ecosystems  Benefits obtained from regulation Nonmaterial benefits obtained from
of ecosystem processes ecosysiems

. Food . Food . Spiritual & religious

. Fresh water . Fresh water . Recreation & ecotourism
Energy . Energy . Aesthetic
Fibre = Fibre & Educational

. Biochemicals . Biochemicals . Sense of place

. Genetic resources . Genetic resources . Cultural heritage

Supporting Services
Services necessary for the production of all other ecosystem services
+ Soil formation = Nutrient cycling = Primary Production = Habitat / biodiversity

Figure 11. Ecosystem services provided by rivers. (WWF 2006, 4.)

This thesis applies mainly the ESS suggested by Cook-Book for water
ecosystem service assessment and valuation (see Figure 12), which was
performed as a part of the research project MARS (Managing Aquatic
ecosystems and water Resources under multiple Stress) that has been
funded by the Seventh Research Framework Programme of the European
Commission. The services were classified based on CICES v4.3 and
linked to the Millennium Ecosystem Assessment (MA, 2005a) and the
Economics of Ecosystems and Biodiversity (TEEB, 2010). (Grizzetti et al.
2015, 17.)

The MARS research also presents a list of indicators for water ecosystem
services that have been selected based on a literature review and
considered as relevant or irrelevant by several experts through a
guestionnaire. (Grizzetti et al. 2015, 87.) The most relevant indicators on
the MARS list have been selected to present the changes in ecosystem

services in the Tikkurila dam case presented in this thesis.



Ecosystem services ) .
terminology Excriies Ecosystem services Ecosystem services from
= from CICES TEEB
proposed in MARS
Provisioning Fisheries and e.g. fish catch Food - Biomass Food
aquaculture
Water for drinking Drinking water Fresh water
Raw (biotic) materials Materials - Biomass Raw materials, Medicinal
resources
Water for non- Mon-drinking water Fresh water
drinking purposes
Raw materials for Energy - Biomass Raw materials
energy
Regulation & Water purification Mediation of pollution | Waste-water treatment
Maintenance in water
Air quality regulation Mediation of pollution | Local climate and air
in air quality
Erosion prevention Mediation of mass Erosion prevention and
flows and erosion maintenance of soil
fertility, Moderation of
extreme events
Flood protection Flood protection Moderation of extreme
events
Maintaining Maintaining Habitats for species,
populations and populations and Maintenance of genetic
habitats habitats diversity
Pest and disease Pest and disease Biclogical control
control control
Soil formation and Soil formation and Erosion prevention and
compasition compasition maintenance of soil
fertility
Carbon sequestration Global climate Carbon sequestration
regulation and storage
Local climate Micro and regional Local climate and air
regulation climate regulation quality
Cultural Recreation Experiential Recreation and mental
interactions with and physical health,
nature Tourism
Intellectual and Intellectual and Aesthetic appreciation
aesthetic aesthetic interactions | and inspiration for
appreciation with nature culture, art and design
Spiritual and symbolic Spiritual and symbolic | Spiritual experiznce and
appreciation interactions with sense of place
nature
Figure 12. The list of ecosystem services relevant for water systems.

(Grizzetti et al. 2015, 83.)

The research project MARS tested a hypothesis that states that multiple

stressors or pressures influence the status of an aquatic ecosystem, which

might cause a change in ecosystem services and in their economic value

(see Figure 13). (Grizzetti et al. 2015, 21.) In other words, ecosystem

services have a certain capacity, flow and value (e.g. service: water for

drinking, natural capacity: surface water availability, service flow: water

consumption for drinking), on which the pressures have an effect through

altering the status of the ecosystem. (Grizzetti et al. 2015, 88
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Figure 13. A framework for water-related ESS assessment according to
the Cook-book. (Grizzetti et al. 2015, 85.)

This thesis studies the dam removal and river restoration as a pressure on
the present ecosystem and aspires to evaluate the changes in the

ecosystem service flow or benefit.



4 THE TIKKURILA DAM

4.1 Location and history

The Tikkurila dam has been built in the main channel of the river
Keravanjoki on the south side of Tikkurila centre.

The natural rapids of Tikkurilankoski have been a natural obstruction for
sailing upstream and therefore the lower reach of Tikkurilankoski became
a centre for trade. The rapids also provided a perfect place for a watermill
much needed by the inhabitants in the area. Land surveyor Nils
Westermark and the owner of Dynnas farm, applied for a license in 1756
for a mill on the north bank, though there have been mills even before that.
Westermark constructed the mill on the north side (rapids were divided in
two by a small island) of Tikkurilankoski. In approximately 1829 trader
Georg Magnus Brofeldt, who owned the Dynnas farm, built the dam
preceding the current dam. (Bjorkman et al. 1986, 1-2.)

In the year 1861 the owner of Dynnas lieutenant colonel Anders Lorentz
Munsterhjelm applied for a license to build an oil pressing factory, right
next to the old flourmill. An inspection was made, and there it was stated
that the mill and its dam would stay in its place, though the new factory
would probably use all the water. In addition, they stated that there were
no fish trying to climb upriver in the River Keravanjoki and it was not used
for log driving. (Bjorkman et al. 1986, 2.)

The railway between Helsinki and Hameenlinna was opened in the year
1862. In 1867 the factory also started producing linseed oil. (Vernissa
2017.)



Figure 14. The factory of Schildt & Hallberg in Tikkurila in the year 1886.
The oil pressing plant is on the river bank on the right. (Vuojolainen 2015,
13))

The factory changed owners in 1885 (Oy Schildt&Hallberg), who then built
a new factory in 1886-1887, which was partly destroyed in a fire in 1912.
In reconstruction, they decided to build a new dam, since the old one
needed fixing, and they did not want to start using the domain’s electrical
grid. The plans for the dam were made by Ab Axel Jusélius
Vattenbyggnadsbyran in 16.6.1912 and they were based on the existing

systems and constructions. (Bjorkman et al. 1986, 3.)

In the early 1900s business was growing rapidly and the factory was
expanded on multiple occasions. The current brick buildings were built in
1912 and the high brewing part was designed by architect J. Fabritius and
built in 1937. The personnel rooms that stand on columns on the riverside
were built in the 1950s. (Vernissa 2017.)




































































































































































































































