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Foreword

The new Danish Watercourse Act has been in force tor over
10 years, It provides us with possibilities to restore good cnvi-
ronmental conditions to our many watcrcourses. Endeavours
to restore them are being undertaken stepwise. The first very
important step was to cnsure good water quality.

That alone does not give good watercourses, though. By far
the majority are, or have been, marked by the only purposc
they had under the “old” Watercourse Acts, namely to drain
water away rapidly and cffectively. They became channels that
each year were purged of plants and anything clse that hin-
dered the water from draining away. This trecatment was detri-
mental to those plants, fish and invertcbrates that had survi-
ved pollution of the watercourses.

When the new Watercourse Act was passed in 1982, 1t be-
came possible to manage rhe watercourses in such a way that
they could once again become the framework for a rich and
varicd flora and fauna.

In this book, the Danish Environmental Protection Agency
has collected a number of examples of how county and muni-
cipal authorities throughout the country have made use of the
possibilitics provided by the new Watcrcourse Act to benefit
the watercourses and the creatures that inhabit them. Exam-
ples are provided of how one can clear aquatic plants in such
a way as to cnable the water to drain away, whilc at the same
time providing a pleasant habitat for the fish. There are also
examples of how onc can remeander watercourses, as well as
examples showing that sca trout can once again find their way
upstream to the small watcrcourses where earlier generations
onge spawned.

The book rounds off with a preliminary progress report sum-
marizing how far we have come in the 10 years since the new
Watercourse Act entered into force. The results are optimis-
tic: It transpires that the Counties and Municipalitics are well
on the road to managing thelr watercourses in a manner that
benefits nature well.



Introduction

Watercourses are one of the attractive features of the landscape.
They have created the valleys and they are the framework for a
rich and varted nature, both in the watercourses themselves and
ia the surrcundings.

The first Danes lived ncar the watercourses. Even though our
warercourses are small 1in relation to those in other countries,
we have nevertheless bencefited from them down through the
centuries. This has left its mark, however. We changed the
watercourses, 'They were dammed up so that the water could
drive mills, thereby preventing the migration of salmonid fish
up to their spawning grounds.

We have exploited the watercourses tor agricultural purposes,
agriculture having been the most important businegss until
only a few decades ago. Drainage was a precondition for be-
ing able to cultivate the ficlds, Many of the aruficial water-
coursces, i.¢. the ditches, originated as open drainage ditches.
In step with increasing cultivation of low-lyving areas near wa-
tercourses, it became nccessary to channclize and deepen the
watcrcourses. This was followed up by hard-handed weed
clearance and dredging. All this was to ensure that the water
could drain away rapidly and cffectively.

"The watcrcourses also provided an casy solution to the prob-
lem of sewage disposal. It is hardly a coincidence that the ma-
jority of dairies were built alongside watercourses: They could
casily dispose of their sewage, and the amount produced was
not usually more than the self-purification processes in the wa-
tercourses could cope with. Poliution also took place that detri-
mentally affected the watercourses, however, The sewage from
abattoirs and large potato {lour {actorics was more than water-
courses such as the river Karup A and Voer A stream could
cope with. Moreover, when sewerage systems were built in the
urban communities, sewage discharge became so great that the
pollution had an obvious negative impact on the watercourses.

Long before the Environmental Protection Act entered into
force, endeavours were under way to combat the visible pollu-
tion of watcrcourses. Sewage treatment plants were construc-
ted and the pollution of watercourses with silage seepage wa-
ter, etc, was prohibited. With the introduction of the Environ-
mental Protection Act in 1974, endeavours to combat water-
course pollution were intensified. The Act also contains a
planning system thar in the casc of the watercourses, was im-
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plemented in the form of specific quality objectives, a system
that has been, and still is, of the greatest significance for the
endeavours to safeguard the watercourse environment. The
quality objectives have madce it possible to differentiate betw-
cen different watercourses such that the endeavours can be
prioritized where they arc of greatest benefit.

In the 19705 it became clear that it was not possible to obtain
good watercourses through sewage treatment alone. Good
water quality is not cnough. The quality of the watercourse as
a whole has to be good: There has to be clean water and sufhi-
cient water, and the watcrcourses have to have a form that
renders them a suitable habitat for plants and animals.

This holistic approach to watcrcourse quality 1s reiterated in
the legislation concerning watercourses. The provisions on
clean water are found in the Environmental Protection Act: It
is stated in all simplicity that man and animals shall have
clean surroundings in which to live.

The provisions concerning abstraction of water are found in
the 1978 Water Supply Act. Abstraction of water is to be un-
dertaken in a way that takes into consideration the negative
impact that abstraction could have on the watercourse fauna.
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Finally, the 1982 Watcrcourse Act contains
provisions thar can safegunard and restore
good physical conditions in the water-
courses. It 1s these conditions that are a
prerequisite if the watercourses are to
serve as habitats for a good fish
population and for a natural flora
and fauna. This third aspect of
watcrcourse quality is afforded
by the meandcrs, weed bor-
ders, stone beds, the regular
alternarion between gravel
bed and mud bed, be-
tween deep and shal-

TR A A mE

Watercourse form

low parts, ctc., that
one finds in natural

S Watercourse Act -

WALCICOUTsSCs.

The idea behind the new Watercourse Act is expressed in its
objects clause: This states that watercourse maintenance must
be undertaken in a manncr that takes into consideration the
environmental conditions that should pertain in the water-
course in order that the watercourse quality objective can be
mct.

There arc provisions stating that there may be bushes, trees
and other vegetation along the banks. The line of reasoning
behind incorporating these provisions in the Watercourse Act
was that the resultant shade would curtail weed growth in the
watercourses. However, there are also a number of other ad-
vantages for the watercourse cnvironment. For example, the
shade keeps the water cool and oxygenated on warm summer
days.

The Watcrcourse Act also contains provisions that allow
actual restoration to be undertaken. Today one would prob-
ably call it re-establishment. The Acr enables financial sup-
port to be given to such projects.

The provisions of the new Watercourse Act did not change
the treatment of our watercourses from onc day to the next,
not even from one year to the next. This is a process that is
taking place stepwise. The Act stipulates several deadlines,
among others that new Provisional Orders should be drawn
up for each watercourse by the end of 1993, That deadline
was prolonged until mid 1996, though. Nevertheless, the new
Provisional Orders have not been a precondition for introduc-
ing gentle watercourse maintenance, this also being possible



on the basis of the old Provisional Orders. Howcever, the new
Provisional Orders will enable gentle maintenance to be con-
tinued and possibly improved.

Through meetings, courscs, publications, the media and other
activities, the new provisions have percolated down through
the many parties involved in the treatment of our watercour-
ses: Ifrom politicians and technical staff to the river keepers
and the landownecrs. Tn many places a new attitude has devel-
oped of how our watercourses should be managed.

In this book a number of examples have been coliccted that il-
lustrate how the county and municipal authorities have tack-
led the task. No real guidance has been given. However, some
general principles have sprouted from a somctimes hesitant
beginning. Creativity has had free play, and there is now a good
foundation for a rich variation in watercoursc maintenance
and restoration.

The task of compiling this book was initiated 1n 1989 as a col-
laborative project between the Danish Environmental Protec-
tion Agency (Danish EPA) and the National Environmental
Research Institute (NERI). The work has been followed by a
steering group comprised of Lars Rudfeld (Danish EPA), 'T.
Moth Iversen (NERI), P. Markmann (Danish EPA), M.
Bjern Niclsen (Association of County Councils in Denmark)
and Willy Risbjerg (National Association of Local Authorities
in Denmark). Ulrich Kern-Hansen (NERI) began the task
and compiled data on among other things how the Municipa-
lities undertook maintenance {sce p 167). Bent Lauge Madsen
took over the task in 1992, He has collected, selected, analy-
zed and collated the examples presented in the book, as well
as arranged and authored the book. P Markmann has made
valuable contributions to Chapter 2, Lars Svendsen (NERI)
has provided valuable help with Chapter 1, and Lars Rudfeld
has provided a large number of specific improvements to all
scctions of the book. David I Barry has preparcd this English
transtation.

The most important contributors to the book, however, are
the staff members in the Countics and Municipalitics, who
have provided the material for the book with both goodwill
and enthusiasm, and the river kcepers, who have undertaken
the work in the watercoursces.

Bent Lauge Madsen is responsible for the contents of the

book and the viewpoints expressed are not necessarily identi-
cal with those of the Danish EPA.

11
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Four fundamental terms

This book concerns physical conditions In our watcrcourscs.
It theretfore starts by explaining which authorities and persons
undertake the work, and what is understood by physical con-
ditions and gentle maintenance.

The watercourse authorities

Danish watercourses arce divided in three groups: County wa-
tercourses, municipal watercourses and private watercourses.
The County is the watercourse authority in the casc of county
watercourses, while the Municipality 1s the watcrcourse auth-
ority in the case of both municipal and private watercourses.
The authority’s task 1s to ensure compliance with the provisi-
ons of the Watcercourse Act, for example with respect to main-
tenance.

There 18 more than just watercourse maintenance and physi-
cal conditions to keep an cye on, however. The County has
supervisory responsibility for the pollutional state of the wa-
tercourses. This 1s cvaluated by investigating which macro-
invertebrates inhabit them. The County also investigates the
fish population of the watercourses. Together with the macro-
invertebrate investigations, these investigations reveal much
about the condition of the watercourses and about where en-
davours should still be concentrated to combat pollution, etc.
As a rule it 1s the Municipality’s task to keep an eye on the
properties and ¢nterprises that cause the polluton. However,
it 1s the County which has to keep an ¢ye on the larger enter-
priscs and the municipal sewage treatment plants.




Much of the content of this book 1s derived from the thor-
ough rcports that the watercourse authorities compile cach
year about conditions in thelr watercourses.

The river keeper

*n

The river keeper, in Danish called the “Amand”, is a very im-
portant person with respect to the work that this book re-
views, the river keeper being the person who works with the
physical condition of the watercourses in practice.

T'he new Watercourse Act has provided the river keeper with
new possibilities for undertaking his responsibilities. Formerly
the watercourse and its banks had to be cleared of plants
{(weeds) by specific deadlines such that the water could {low
tfreely. This was a rule dating from the time when rhe agricul-
tural sector still needed the low-lving ficlds adjoining the wa-
tercourses. Now the river keeper works towards other goals:
He has still 1o ensure that the water can drain away casily, but
the physical environmental conditions in the watercourse
must not be harmed. Thus the river keeper has to maintain
the watercourses partly in accordance with the natural condi-
tions, and partly in accordance with the environmental plans -
L.e. quality objectives - stipulated for the individual watcercour-
SCS.

During recent years many persons have had to adapt them-
selves to new ways of working., However, there are hardly very
many persons who have had to adapt as much as the river ke-
epers. Previously the river keeper had to leave watercourses in
a state as orderly as a golf course. Now a well maintained wa-
tercourse is rather one that looks dishevelled. "T'he river keeper
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has not only to accept that change himself, he has also the
task of explaining to watercourse uscrs, cspecially farmers,
why they are now to be maintained in that way. That part of
the work is far from unimportant since the river keeper 1s that
part of the watercourse authority that the majority of users
see and converse with.

Good physical conditions

The book repeatedly refers to “good physical condittons™ in
the watercourses. What 1s meant by that?

By physical conditions is meant the form that the watercour-
ses have. It is their course through the landscape, whether
that be meandering or straight. It 1s also the form of their
cross-sectional profile, with the stones, weed borders, tree
roots, gravel and whatever else one can SEE in a watercourse.




The physical conditions can be uniform, as for examplc in a
channeclized watercourse with slow flow over a sand bed, with
a uniform blanket of weed. The physical conditions can also
be manifold and varied, as for example in a meandcring wa-
tercourse, where there are many different depths and cur-
rents, and where there are different types of bed as well as
hollows and weed borders.

When physical conditions are uniform there is usually a poor
sclection of habitats for plants and animals. In contrast, there
is a rich selection of habitars for plants and animals in water-
courses where physical conditions are varied.

‘Thus in this book, good physical conditions means a water-
course form that provides a large sclection of habitats for
plants and animals,

Gentle maintenance

Gentle maintenance of watercourses is one of the main topics
of this book. Whart 1s mcant by gentle maintenance?

Watercourses are maintained in order to cnsure that the water
can flow freely through them. This is done by dredging up the
sand and mud and clearing away the plants - the weed. The
regulations for this “traditional” maintenance were previously
very simple. One had to clear away all the weed by a specified
deadline, and when the watercourse was to be cleaned out it
was often natural to also remove the gravel and stones by
dredging. The watcercourses were “well-groomed and tdy”,
characterized by order. The physical conditions become uni-
form, the good habitats are gone and the flora and fauna be-
comes uniform and impoverished.

When one wants to have a rich flora and fauna in a watercoursc
one has therefore to maintain the watercourse in a ditferent,
more gentle manner, in order not to destroy the varied physical
conditions. One must not clear away all the weed or dredge the
gravel and stones, and on¢ has to preserve and promote the
forms that the watercourse creates itsell. One has o work with
the watercourse, and not against the natural forces ar play in ir.

Thus in this book, gentle watercourse maintenance means
treatment that works with and not against the watercourse’
own forces, and which ¢reates a good physical framework for
a rich and diverse flora and (auna under the natural condi-
tions pertdining in the landscape.
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Exploitation of our watcrcourses has often transfor-
med them into less satisfactory habitats. Fish have
been prevented from travelling up the watercourses to
spawn and watercourses that were once meandering
have been turncd into uniform channels that have
been maintained in a hard-handed manner.

However, the new Watercoursc Act of 1982 has provi-
ded us with the possibility to rectify the damage. Of-
ten it is enough just to change maintenance practice,
especially weed clearance, such that the forces at work
in the watercourscs are once again allowed to help de-
termine their form.

The task of administering our watercourses 1s relati-
vely straightforward. Firstly, the water quality objecti-
ves for cach watercourse scrve as guidelines for what
we hopc to achieve; they scrve as guiding beacons for
the work; secondly, the frequent investigations of wa-
tercourse quality undertaken by the county authorities
identify the areas that should be accorded priority;
and thirdly, the practical task of ensuring the environ-
mental quality of the watercourses is administered by
the county and municipal authorities, that is, closc to
the watercourscs and those who use them.

Current efforts to ensure good watercourse quality are
to some extent made possible by the knowledge and
expcrience accumulated since the new Watercourse
Act entered into force.

The basis for this work is the knowledge we have of
the laws of nature that govern in our watercourses -
both in those that we have changed and those in
which natural conditions still pertain.

The present chapter illustrates some of the things that
it is useful to know when one has to reestablish good
environmental conditions in our watercourses.

17



Exploitation of our watercourses

Watercourse legislation 1s nothing new. It 1s important to have
legislation that cnsures just and fair exploitation of the water-
courses. In the ancient laws, among others the Jutlandic Law,
there were special provisions as to how the water should be
sharcd between mills. There were also rules on the form of
salmon and ccl traps. They had to be open at intervals to al-
low the fish o pass to upstream watcrcourses, There were
very strict rules as to how the water should be shared for mea-
dow warering and how the watercourses shoutd drain water
away. Until 1982, the many versions of the Watercourse Act
primarily aimed at cnsuring the drainage of surface water
from the agricultural land.

Figure 1.1-1.4

* Remains of Dalgas dam in the viver Skjerna.

» A bridge at Bundsbeel nuil.

s Electricity generating station on the river
Skjerna.

» Fish farming - a livelthood based on warer-
COUTSES,
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Figure 1.5 A clean
reatercourse with d va-
rving morphology can
provide good habitats for
a varery of species.
These disappear when
the watercourse becomes
uHiforn.

Over the centuries, man has left his mark on the watercourses
in many ways. Some of them are interesting cultural relics thart
arc worth preserving. These include ancient fords paved with
stepping stones, the remains of bridge piles dating back several
thousand years, water mills, and the remains of meadow water-
ing facilities. While they can be worth preserving, such hind-
rances prevent fish from passing. For example, salmon have
not been able to travel to the upper reaches of the river Gu-
dend since mill dams were established many hundreds of years
ago. Conflicts can therefore arise between angling and cultural
interests; while some people would like to preserve a mill dam
because it has historical value, others would like to see it re-
moved because it prevents the passage of fish that they would
like to catch further upstream in the watercourse.

The watercourses have undoubtedly been subjected to the great-
est change in the present century. The watercourses were regu-
fated in step with widespread drainage of fields, and have since
been maintained in an efficient and hard-handed manner. Stra-
ightened watercourses drain water away more quickly since they
have a greater gradient. At the samce time though, the water-
courses were transformed into uniform channels with few if any
habitats for fish. Since they in addition became polluted by ag-
riculture, industry, towns and fish farms, it is hardly surprising
that many of the watcrcourses became poor habitats for the ani-
mals and plants for whom conditions were previously so good.
"I'he rich nature in the watercourses became impoverished.

19



The natural watercourse

The water that flows through a watercourse has ample energy
to shape its path. The current crodes material free from the
bed and sides of the watercourse and then transports it away
before it can be deposited on the bed. The flowing water de-
terminces the width, the depth and the path of the watercourse
irself.

Ireely flowing water will usually follow a twisting and turning
path. When the current is allowed to shape the watercourse it-
self, the result will usually be the winding form illustrated in
Figure 1.6. Such a watcrcourse 1s said to have meander
bends. The outer side of the bends is eroded by the current,
and at intervals a meander is sheared off forming a horseshoe-
shaped lake. Watercourses can also follow paths other than
the meandering type, however (Figure 1.7).
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Figuve 1.6 Sporving A stream.
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Figure 1.7 Natural
waterconrses can follote a
SIPQLEht, o [esung and
turning or a bratded

paih.

Figure 1.8 Current,
bed and depth conditions
Jollow vegular patterns
IH Lhe watercourse’s me-
anders.

If a watercourse cuts through a meander, the segment of land
that buds oft thereafter belongs to the landowner on whose
side of the watercourse the scgment comes to lie. Hence 1t 1s
said that “Rivers move boundaries”.

Meanders

Meandcering watercourses can look quite different, much de-
pending on the soil and landscape. Nevertheless, they have so
much in common that it is more the similarities that catch
on¢’s attention than the differences. The bed of meandering
watercourses varies between sand, mud, stones and gravel.

In some places the current crodes material away from the
sides, while in other places sand and mud scdiment out. In
some reaches the water depth is the same across the width of
the watercourse, while in other reaches it varies (Figure 1.8).
However, all this is not random - one {inds the same pattern
in watercourse after watcrcourse. It would seem to follow laws
of nature that are not always casy to understand. Neverthe-
less, they are laws that have to be followed if one wants to un-
dertake work on watercoursces.

e
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Figure 1.9 Small trout
tnhabit the riffles and
large trout the pools.

Figure 1.10 In the
meander bends the cur-
Yent rumns crossivise.

Wavelength

Figure 1.11 The
wavelength of a full me-
ander 1s approx. 10-14
times the width of the
watercourse.
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Depaosition

Undermining

Muddy pools are formed on the outer side of the bends, while
the material removed is deposited again on the inner side. Be-
tween the bends there 1s a shallow area termed a riffle. In the
bend itsclf, the current whirls in a “corkscrew” pattern (Fi-
gurc 1.10). It is this current that undermines the bank, there-
by forming an overhang.

The considcerable variation in current, bed and depth found
within the individual meander bends provides good living
conditions for many different animals and plants.

Meander wavelength

There are several reasons why one might want to restore a re-
gulated watercourse to the natural meandering form. Some
people consider a meandering watercourse to be more attrac-
tive than a straight onc, and a meandering watercourse pro-
vides a superior habitat for plants and animals. There is a
further good reason for re-cstablishing a meandering water-
course, however; the water 1s led away in a manner that pre-
scrves the sides and bed of the watercourse more than when
the water runs along a straight channel. With straightened
watercourses, considerable guantities of sand and mud can be
croded from the bed and sides. This material is transported
down the watercourse, often as migratory sand that can de-
stroy trout spawning grounds and bury the stones thar are the
habitat of many invertebrates. Such problems arc partally
overcome when meanders are reestablished, as is illustrated In
the following sections.



Mecasurements of meandering watercourses show that there is
a rather regular pattern to the shape of the meanders. The
broader the watercourse, the longer the meanders. The wave-
length of one full meandcer is approx. 10-14 times the width of
the watcercourse (Figure 1.11). The width in gquestion is the
width when discharge 15 high and the watercourse is full to
the brink. The watercourse has most encrgy when full and it
is such situations that help determine the watercourse’s path,
depth and width, Nevertheless, daily wear when discharge 1s
low also helps to shape the watercourse,

When one wants to remeander a regulated watercourse, it is
important to understand the laws of nature that govern natu-
ral watercourses. This applics whether one intends to cut a cur-
rent channel through the weeds or excavate a new, meandering
watercourse.

Figure 1.12 When dis- Riffles and pools

charge 15 fugh, the cur-

rent can somermes move  In the meandering watercourse the shallow riffles and deep
a stone from one riffle o pools lie in a regular pattern. The distance between the riffles
the next. The Tkefihood of and berween the pools follows the same pattern as the
beting moved decreases the  meanders. The distance between two neighbouring riffles is
greater the density of sto- approx. half the wavelength of one full meander, 1.e. approx.
nes and gravel particles. 5-7 times the width of the watercourse. Riffles and pools can

also occur in straight watcrcourses (Figure 1.26).
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Figure 1.13 The pro-
file of a watercourse
changes between s
source and mouth.
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Conditons for life differ considerably on the riffles and down
in the pools. Riffles have a bed of gravel and stone, and the
current is normally stronger than elsewhere. They are inhabi-
ted by invertebrates that require a good supply of oxygen, and
which arc able to tolerate the current. Down in the pools the
bed is usually muddy. They arc inhabited by invertebrates
able to survive under conditions of low oxvgen content. It 1s
also in the pools that the largest trout are able to find good hid-
ing places, while the small trout often have to inhabit the riff-
les (Figures 1.9 and 3.7).

The riffles and pools lic in the watercourse like “waves”: one
can consider them as bends that go up and down, but which
otherwise follow roughly the same pattern as the meanders.

1t 15 difficult for the current w move a stone that lies among
other stones, for example in a riffle. They stabiliz¢ each other
and weaken the current. If a strong current tcars a stone
loose, it will be washed through the peool and will probably
end among other stones in the next riftle. This v sometimes
compared with traffic jams (1).

Riffles and pools are most likely formed by the same high dis-
charges that form the meanders (sce p 23). It would scem
that riffles and pools rapidly form in regulated watercourses if
there is considerable variation in discharge (figure 1.12).

Watercourses reflect the landscape

The natural watercourse follows its own course through the
landscape. It 1s determined by the gradient of the terrain, the
type of soil and to a considerable extent by the discharge. The
shape of the cross section or profile of watercourses is also de-
termined by the soil type, discharge and distance from its
source. ‘

During their passage through the landscape, watcercourses be-
come deeper and wider. The further the distance from the
source, the greater the amount of water they have to lead
away, and the greater the profile has to be to accommodate it.

The smallcr, uppermost watercourses are decp relative to
their width, while those furthest downstream are shallow rela-
rve to their width. If the gradient 1s equal in the uppermost
and lowermost reaches, the rate of flow will be highest in the
lowermost reaches, where resisrance 1s lowest (Figure 1.13).



Figuve 1.14 When a
meandering watercourse
is regulaied, its gradient
IHCredases.

Figure 1.15 Regdated
waterconrses can be wide-
ned by the curvent. The
broken ltne shows the ori-
ginal regulated profile.
Adapted from (2).

The soil type also helps determine the shape of the watcr-
course profile. It the soil conrains much clay (moraine), the
watercourses will be small and deep. This is the form of many
watcrcourses in the rolling eastern part ot Jutland and on the
island part of Denmark. If the soil conrains much sand (gla-
cial melt water plaing), the watercourses will be broad and
shallow. This is the usual form of watercourses in western Jut-
land. Regional differences in precipitation also play a role.

Gradient jumA00 m %)

hom

The modified watercourse

When the swings and bends of a watercourse are cut away,
many of the good habitats for plants, mvertebrates and fish
disappear. The great variation in physical conditions that
characterizes meandering watercourses is superseded by uni-
form conditions. The meandering watercourses have an intri-
cate pattern of strong and weak currents and there 1s a large
selection of diffcrent habitats. There are habitats for inverte-
brates with completely different requirements as to hiding
places, current and oxygen content. In regulated watercourscs
there is often only a migrating sand bed with few if any hiding
places for fish and invertebrates. At best, only a limited num-
ber of different animals can live there.

—~___ " SN
e e

The difference in habitats is only one of the diffcrences be-
tween the two types of watercourse, however. In regulated wa-
tercourses the current works differently than in meandering
watercourses. When a warercourse Is straightened out, the
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Gurrent erodes

hers \

Figure 1.16 The cur-
rent can undermie un-
protected banks and pro-
voke thewr collapse.
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gradient increases and the current becomes stronger {Figure
1.14). The latter affects every metre of the watercourse with
more energy than it would in a meandering watercourse.

The current has energy and can undertake work, It can run a
warer mill or drive a boat downstream. However, 1t can also
use the energy to crode the bed and sides and to transport
away the sand and carth that has been croded free. Although
this occurs in both natural and regulated watercourses, the
current has more energy in the latter. It can erode and trans-
port more material than is the case in mecandering watercour-
ses. Regulated watercourses thercfore casily become wider
and dceper than the stipulated dimensions (higure 1.15).

T'he current erodes away at the bed and the sides. If there are
no weed borders that can protect against the current, the latter
can work unhindered. It can undermine the banks and, if there
are no solid roors to reinforce them, cventually provoke their
collapse (Figure 1.16). The watercourse will then become wider
and wider, with a considerable amount of migratory sand.

Barnks collapse

Undermining
Sand ,

R

The current shares its cnergy between scraping material free
and transporting it downstream. Clay particles are transported
suspended in the water, while the sand usually rolls along the
bed. Both forms of transport drain the current of energy, how-
ever, and it therefore has less and less energy the more it has to
transport and the longer the material has to be transported.
Moreover, the energy it has to erode away at the bed and sides
also decreases. Thus the current usually removes most material
in the uppermost reaches of regulated watercourses, whereas
the material is deposited in the lowermost rcaches.

In the uppermost reaches of regulated watercourses the cur-
rent has so much energy that it can work its way up through
the unregulated reaches. In such transitional reaches it is some-
times necessary to reinforce the bed with stones. One can
reduce the impact of the current on the regulated reach by
constructing weirs at regular intervals. A considerable part of
the cnergy bound up in the current will be dissipated when



Figure 1.17 Erosion
(E) and wransport (T)
of matertal are determii-
ned by the gradient (G)
and the crrrent (C).

Gradient and current
are both tncreased by
watercourse regulation.

Eroston and mransport of
miaierial racrease, and a
new equilibriumt is ap-
proached.

the water plummets over the fall. As it usually lands on a con-
crete base, the energy cannot be used to crode away at the
bed. A disadvantage of weirs, howcever, 1s that they can hinder
the upstream passage of fish (see Chapter 4).

Watercourses in equilibrium

The current in meandcering watercourses also has energy with
which 1t crodes, just as in regulated watercourses. Some of the
matcrial that the current erodes free is deposited closc to its
point of origin, often in the same meander bend.

@
m
@

With a narural warercourse, there 1s an ¢quilibrium berween
its gradient and the amount of material croded and deposited.
The watercourse “strives” towards an cquilibrium whereby as
littde cncergy as possible 1s expended on croding the bed and
sides. This equilibrium can be brought out of balance when
the watercourse is regulated, for example deepened or straight-
ened. The watercourse can also be brought out of balance if
discharge increases, for examplc if storm water overflows from
urban areas feed into it. When it rains, considerable amounts
of water ¢an be led into the watercourse. The energy thereby
impartcd on the current enables it to crode more and to
rransport sand and clay through the watercourse. This 15 exact-
ly why storm watcr discharges often lead to considerable prob-
lems with migratory sand.
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Figure 1.18 Steps on
the path to good water-
course gualiry.

Table 1.1 Problems in
watercourses in three of
the municipalities in
Vejle County tn 1993.
Adapted from (3).
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The path to good watercourse quality

When one wants to undertake a piece of work, whether 1t be
to build a housc, cross an ocean or re-gstablish a well-function-
Ing watercourse, 1t is important to have a goal to steer towards
- a guiding beacon.

Action Plan

B, A Objoctiva

- n I Watercourse
quality class

The environmental cffort to improve watercourses is guided
by goals for their use. A system of objectives have been estab-
lished that act as “beacons” to guide the work with water-
courscs. They sct the course. However, the path leading to
the goal has many steps, 1.¢. subsidiary goals. The first step in
the etfort to improve watcrcourses was to ensure the treat-
ment of sewage cffluent. The second step was to come to
grips with agricultural discharges of liquid manure and seep-
age water from silage heaps. Such subsidiary geals will soon
have been achicved in many watercourses (Table 1.1).

Cause of problem No. of stations ‘i
Waste water from {reatment plants 27 0%
‘ Waste warer from scattered dwellings G5 25%
Waste water {rom fish larms 10 Lt
Agricultural discharge 9 3
I Poor physical diversity due o channelization 101 3R,
:: Hurd-handed mainwenance 33 13%
Unsatisfuctory discharge 17 R

Towal 26 1009,

As can be seen from Table 1.1, some of the subsidiary goals
have not yet been reached despite the Environmental Protec-
tion Act having been in force for 20 years and the new Watcer-
course Act for 10 years, A stop still needs to be put to the nu-
merous small discharges from sources such as septic tanks,
cte., as well as to incidents of poisoning associated with the
use of pesticides, and physical conditions in the watercourses
nced to be improved. Thus the Watercourse Act and appropri-
ate maintenance are cssential if the physical quality of water-
courses 18 to be good.



Watercourse quality objectives

Watercourse environmental quality objectives are sct forth in
¢ach county’s Regional Plan. In setting the objectives, consi-
deration i1s given to the state of the natural conditions, what
impact man has had, what the intention is with the water-
course, and what can realistically be achieved.

It would for example be unrealistic to set an objective for a
slowly flowing channel on land reclaimed from the sea that
would demand an environmental quality only found m a ra-
pidly flowing watercourse in a hilly area. However, it would
not be unrcalistic to aim to clean up a very polluted water-
course within a certain period, or to improve the physical
condition of a watcrcourse that is severely damaged by main-
tenance. As with any other type of planning, however, it is ne-
cessary to weigh the costs against the bencfits.

The County Councils can choose between a variety of envi-
ronmental quality objectives (Table 1.2 and Box 1.1) or they
can formulate their own objectives. In principle there are
three groups of watcrcourse quality objectives: stringent objec-
tives, basic objectives and eased objectives. Within cach group
there can be sub-groups. For example, the basic objectives
group includes watercourses that have to be so clean that they
can serve as trout spawning and nursery waters (B1), as well
as warercourses that only have to be suitable for fish such as
roach, eel and bream (B3).

Examples of watercourses with cased quality objectives could
be watercourses dug for drainage purposes or those which dry
out in the summer. The reason for the latter could be ground-
water abstraction in the vicinity- or that the watercourse dries
out of natural causes. It 1s worth noting that even those water-
courses which do dry out can have such a rich invertebrate
fauna that it is worth sctting them a stringent quality objec-
tive.

In this book, the stringent and basic quality objectives are
considered high watcrcourse quality objectives. Objective F,
1.¢. ochrcous watercourses, is often included as well because
with gentle maintenance, such watercourses can often satisfy
a higher objective.



Table 1.2 Ixamples of watercourse quality objectrves. The nunimumn water quality class (pol-
fution class) thar the watercourses have to meet 15 shoon to the right.

Ohbjective Description Class
: {minimumn)
o i - . . ..
Stringent A Areas of special Watercourses where 1T 1s
objectives scientific interest wanted to protect unigue ¥
: components of nature
Basic B1 Salmonid spawning  Watercourses that should be
objectives and nursery waters - able to serve as spawning H
and nursery areas for wout
and other salmonids
B2 Salmonid warers Watercourses that should be
able 1o serve as nursery and 11
living areas [or trout and
other salmonids
B3 Cyprinid waters Watercourses that should be
. able 1o serve as nursery and 1
i living arecas for ecl, perch,
i pike and cyprinids
- B4 Watercourses with a varied flora and fauna but of I
i little value to fish
Eased - € Wartercourses to be used for drainage purposes
objectives II - II1
D Warcercourses allected by waste water 11 - 11
E Watercourses affected by water abstraction 11 - 111
F Warcrcourses aftected by ochre
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Box 1.1 Examples

A Areas of special scientific interest

This objective is usually applied in the case

of watercourses in which high priority is gi-

ven to the following interests:

- Scientific research.

- Preservation of watercourscs that are com-
pletely or virtually unatfected by anthropo-
genic activities.

- Preservation of special plant and animal
species or communities.

- Preservation of geological, hydrogeologi-
cal, historical or scentc treasures.

B1 Salmonid spawning and nursery
waters, where salmonids already spawn and
where fry grow and develop.

Watercourses where physical conditions can
be created that render them suitable as
spawning and nursery waters for salmonids.
Watcrcourses whose basic condition renders
possible the growth and development of
trout fry (but not spawning).

B2 Salmonid waters (nursery and li-
ving areas for trout), where there 15 al-
ready a salmonid stock, especially trout.
Watercourses where physical conditions can
be created that render them suitable as lv-
ing and nursery waters for salmonids.

B3 Cyprinid waters, where there is al-
ready a stock of eel and possibly pike, perch
and roach, as well as other ¢cyprinids.
Watcrcourses where 1t 1s possible to create
conditions suitable for a stock of the above-
mentioned fish,

Transit waters for salmonids, 1.e. watercour-
ses connected to lakes and watercourses
with higher quality objectives (B1 and B2).

B4 Watercourses with valuable biological
characteristics, but where conditions do not
allow the presence of a fish stock.

of watercourse qualiry objectrves and guidelines.

C Watercourses solely used for drainage
purposes, and which lack a fish stock or spe-
cial biological conditions that the County
Council wishes to protect.

D Watercourses where authorized waste
water discharges cause the quality to be
waorse than that expected from the natural
conditions.

E Watercourses where the effects of water
abstraction, either directly from the water-
course or through groundwater abstraction
in the catchment, render ir impossible to
maintain a fish water objective.

F Watercourses that are so markedly affec-
ted by ochre discharge that a fish warter ob-
jective cannot be achieved.

The objectives shall be achieved on the
basis of the following guidelines:

A Areas of special scientific interest
"The watercourses shall be Rept in a natural con-
dition and shall be kept free of influences that
can deteriorate their special characteristics.

B1, B2 Salmonid spawning and nursery
waters and salmonid waters. Watercour-
ses and lakes shall be ensured the objectives
stipulated in the plan.

Obstructions that hinder the passage of fish
are not allowed.

The watercourses are to be maintained in an
environmentally friendly manner.

A lower water quality than that given in the ob-
jective can be accepted in short reaches down-
stream of waste water and fish farm outfalls,
Water abstraction and technical measures
must not hinder compliance with the objec-
tive set for a watercourse.
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B3 Cyprinid waters,

Watercourses and lakes shall be ensured the
objectives stipulated in the plan.
Obstructions that hinder the passage of fish
are not allowed.

A lower water qualitv than that given in the ob-
jective can be accepted in short reaches down-
stream of waste water and fish farm outfalls.
Water abstraction and technical measures
must not hinder compliance with the objcc-
tive set for a watercourse

B4 Watercourses and lakes shall be ensured
the objecuves stipulated in the plan.

The watercourses are to be maintained in an
environmentally friendly manner.

A Jower water quality than that given in the
objective ¢an be accepted in short reaches
downstream of waste water and fish farm
outfalls.

Water abstraction and technical measures
must not hinder compliance with the obje-
ctive set for a watercourse.
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PPlans for the watercourse quality

An objective common to all watercourses 1s that they must not
be polluted. They have to live up to a certain standard of purity
and environmental quality. In addition, they usually have to live
up to other criteria, for example physical conditions. In the case
of watercourses in the basic quality objectives category, it can of-
ten be important that the current tollows a more or less
meandering course; in contrast, such a critcrion would be
meaningless in the case of a channcl designated for drainage.

The more healthy and the more varying the environmental
state of a watercourse, the greater the number of invertebrate
species that can inhabit 1t, .¢. there 1s a diverse fauna. If the
environmental state 1s poor and monotonous, only few species
can live there. The fauna is then said to be uniform. Never-
theless, the few species present can sometimes occur in large
numbers, as for example 1s the case with pollution by house-
hold scwage.

The environmental state of a watercourse can be evaluated
from the invertebrates present. Organic matter pollution of wa-
tercourses has been evaluated in this way for many years. Pollu-
tion with organic matter causes oxygen deficit and can give rise
to black deposits of mud, bacterial films and enormous colo-
nigs of microorganisms which blanket the bed with re¢adily visible
growths commonly referred to as “sewage fungus”. This type
of pollution changes the conditions for animal life.

Clean watercourses in which physical conditions are good are
usually inhabited by numerous different macroinvertebrates,
the so-called “clean water invertebrates”. These are mainly
large and readily visible invertebrates such as young aquatic
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stages of certain insects. Such watercourses arc assigned to
“pollution class” I. The most polluted watercourses are home
to only few species of macroinvertebrates, although they can
be present in large numbers. The species that inhabit them
are able to tolerate the pollution. Such watercourses are assign-
ed to pollution class TV. Within this range watercourses are
assigned to pollution class II or III depending on which ma-
croinvertebrates are present. As a rule there are also interme-
diate classes, ¢.g., pollution class TI-II1.

The physical state of a watcrcourse also considerably influences
which macroinvertebrates inhabit it. Thus cven a watercourse
with completely clean water can have a fauna resembling in com-
position that of a polluted watcrcourse if the current 18 weak and
the bed muddy. As a rule, however, such watercourses lack some
of the other characteristics of polluted watercourses, e.g. “sewage
fungus”, although the fauna is characteristically uniform. On the
other hand, a watcrcourse that is somewhat polluted can have a
rich and diverse fauna if the current is strong and the bed stony.

Factors other than pollution with organic matter are now taken
into account when evaluating watercourses. Physical state also
influences the evaluation of watercourses based on the pres-
cnce of macroinvertebrates or the lack of species expected to
be present.

One can use these classes to follow the trend In watcercourse
cnvironmental guality in order to determine whether measu-
res such as sewage treatment and gentle maintenance are hav-
ing the desired cffect. '

The classes I to IV and intermediatc classcs such as II-I1I are
still emploved, as is the term pollution class, cven though the
evaluation covers more than just pollution. It 1s opcn to ques-
tion whether the term should really be used. It would perhaps
be more appropriate to refer to watercourse quality classes, or
stimply watercourse classes,

For a number of years now, work has been going on in Den-
mark to improve methods for cvaluating watcrcourse environ-
mental quality. The use of macroinvertebrates has been adhe-
red to becausc they serve as good environmental “indicators”.
One of these methods is the Danish Fauna Index. Instead of
the term “pollution class™, the quality of the watercourse 1s
cxpressed in terms of “fauna class” (I to IV).

The trout populaton is also a good measure of a water-
course’s quality, and also 1ts physical state.



Figurve 1.20 Length of
watercourses i1 Denmark,

Adapted from (4).

The main topic of this book is the physical state of watercour-
ses, and hence watercourse maintenance. For this reason the
terms “pollution class” and “pollutional state” will not be used
when referring to watercourse quality since the latter is so de-
pendent on physical conditions. Instead only the term “class”
will be used, the meaning being “water course quality class™.

According to the overall plans for Danish watcercourses, no
watercourse should be in a class worse than fauna class II-111.
Watercourses of this class would typically be those for which
cased quality objecrives have been designated, but could also
be some of the B3 watercourses if they have a weak current
and a peat bed. The watercourses with the highest quality ob-
jectives must be in class IT or berter.

Length of the watercourses

The watercourses are divided into three groups according to
who 13 responsible for their maintenance: County watercour-
ses, municipal watcrcourses and private watercourses. The
former two groups are public watercourses.

"The Danish Environmental Protection Agency has prepared
an analysis of the length of watercourses in the three groups.
This is based on information submitted by 14 of the 15 Danish
countics {Bornholm was not included) and 165 of the 275
municipalitics,

km
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Figure 1.21 Length of
watercourse tm Sonder-
lland County. Adapted

Jrom (5).
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From the information submitted, the total length of water-
courses can be estimated for the country as a whole: There
are approx. 5,000 km of county watercourse and approx.
17,500 km of municipal watercourse. Of this, approx. 3,000
km 18 culverted, ncarly all of which i1s municipal. This gives a
total of approx. 20,000 km of open, public watercourse whose
maintenance is the responsibility of the county or municipal
authoritics. The information submitted also included the
number of km watercourse with each quality objective,

Figure 1.20 summarizes the fength of public watercourses re-
gistercd as having high quality objectives (i.c. A + B, including
F): The total is approx. 15,000 km. Almost all the county wa-
tercourses have a high quality objective - 92% of approx. 5,000
km - as do approx. 3/4 ot the open municipal watercourses -
just under 11,000 km in all. Of the latter, approx. 1,000 km
are designated as ochreous watercourses - objective F. The wa-
tercourses with high quality objectives include just over 600
km of culverted watcrcourse, most of which is municipal.

The submitred information does not provide a realistic esti-
mate of the total length of private watercourse. According to
this, therc are approx. 4,000 km of private watercourse with a
high quality objective, including approx. 100 km of ochreous
watercourse. Closer examination would undoeubtedly show
that there arc more private watercourses with characteristics
that warrant a higher quality objccrive.

km watercourse

16,000
14,176
14,008 Private
12,000 Municipal
1 D[}OO Coumy
8,000
6.000
4,000
2,000 1 550
0 .
Total No. of Objective
watercourses stipulated
Private 10,000 o8
Municipal 3,486 792
County 690 840



Figure 1.22 Sketch
from a guideline on wa-
fercourse mainienance
from 1976. Adapred
from (6).

According to the information submitted, the total length of pri-
vate watercourse in Denmark is just over 7,000 km. That the to-
tal length of private watercoursc is undoubtedly greater is indi-
cated by Figure 1.21, which illustrates a survey undertaken in
Senderjylland County. The estimated length of private water-
course in Nordjyvlland County is of the same magnitude as in
Senderjylland County, approx. 8,500 km. Many of these water-
courses are undoubtedly artificial ditches, especially in the {flat
arcas that characterize these two counties.

Former maintenance practice

Under the previous Watercourse Act one had to ensure that the wa-
tercourse had the form stipulared in the Provisional Order gover-
ning the watcrcourse. When the watercourse began to change its
form towards that of a natural watercourse, action had to be taken.
The watercourse had to be regulated such that it corresponded to
the sripulated form. This was called watercours¢ maintenance.

Maintenance followed simple rules: “The watercourse shall be main-
tained appropriately such that the water drains away eftectively”.
The physical impact that deepening and straightening left on the
watercourses was perpetuated by this maintenance. No matter
how much the watercourse itsclf attempted to make good the dam-
age causcd by maintenance, the watercourse was once again “put
in its place” when the regular maintenance was undertaken at the
stipulated tnme.
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Figure 1.23 Arna
stream had lost its natu-
ral form even before it
was regulated. Adapted
from (7).

38

Former maintenance practices worked against rather than
with the watercourse. Even those watercourses that were not
straightened and deepened were severely affected by mainten-
ance. The small bends gradually became cut off such that the
watcrcourses came to look more and more like regulated wa-
tercourses (Figure 1.23).

The old Provisional Orders stipulated how wide and deep each
watcercourse should be. If one surveys the watercourses, how-
ever, 1t generally transpires that they have become wider and
deeper than stipulated in the Provisional Orders that govern
them (Figure 1.15). Either they were dug deceper and wider
when maintenance was undertaken, or the watercourse itself
croded the sides and bed when the weed had been removed.

New thinking on watercourse maintenance

In 1980 the Danish Environmental Protcction Agency Fresh-
water Laboratory issued a small publication containing ideas
how watercourses could be maintained in a manner that would
cnsure good watercourse quality (8). The publication in-
formed of the importance that gentle weed clearance could
have for watercourse quality. Gentle weed clearance involves
such practices as conserving hiding places for invertebrates
and fish. In addition, these weed beds will enhance the sclf-
cleansing properties of the watcrcourse because the weed is
coated with a film of bacteria and other microscopic organ-
1sms that live off organic matter dissolved in the water. The
publication included proposals for new methods of maintain-
INg wWatercourscs.



Figure 1.24 1950
publicarion on new
methods of watercourse
matntenance.

Vandlobskvalitet
og vedligeholdelse,

mal og midler

Miljestyreisens Ferskvandslaboratorium

The basic concept 1s that there must be a correlation between
the watercourse objective and the means employed to main-
tain the watercourse. It the designated objective is that trout
should be able to inhabit the watercourse, it is not cnough
that the watcr is clean. There also have to be good habitats for
the trout. It is thereforc necessary that weed clearance be un-
dertaken in a gentle way too (Box 1.2).

Efforts were soon begun in the various counties to evaluate
whether the new ideas were of any practical value. An ¢xam-
ple is a 1980 memorandum from Senderjvlland County sug-
gesting a4 number of changes to the maintenance practice in
the county watercourses (9). The suggestions largely follow
the recommendations in the publication from the Danish Envi-
ronmental Protection Agency’s Freshwater Laboratory. The
memorandum concluded with a section on the consequences
of the changes in maintenance practice: “It can be expected
that in step with the implementation of the new maintenance
practice, there will be significant changes in the appcarance of
the watcrcourses. They will gencrally appear more “nartural”
and the need for fascines will probably be reduced. It is poss-
ible that the weed and vegetation will be ablc to stabilize the
sides and bed of the watcercourses such that the migratory
sand problem will in a number of cascs be reduced”.
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Box 1.2 1980 proposal
Jor new watercourse
maintenance practice.
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It 1s also acknowledged that the implementaton of such a
sweeping transition to a new watercourse maintenance prac-
tice should be undertaken carefully and stepwise. For exam-
ple, it is necessary to display considerable flexibility when
planning the work so that one can rapidly redress problems
such as a too high water level in particularly vulnerable places.

The memorandum includes a number of guidelines as to how
maintenance practice should be changed. For example, bank
vegetation should not be cut unless a specific instruction to
the contrary has been issued by the county technical depart-
ment. The watercourses must not be dug with mechanical
diggers unless carcful investigation has confirmed thart it is ne-
cessary to remove sand that is hindering effective drainage.
With regard to weed borders along the sides of the watercour-
ses, the memorandum states that since these do not usually
affect drainage, they should be allowed to stand. For cach wa-
tercourse reach, the county authorities have drawn up propo-
sals as to how the maintenance should be undertaken, The
proposals are in accordance with the objective designated for
the watercourse. For example, clearance of wartercourses de-
signated as spawning and nursery waters for salmonids is, in
so far as drainage capacity is ensured, to be undertaken gently
using manpower and scythes.

Proposal for new watercourse maintenance practice.

There shouid be a good comelation betwaen the county's objective lar 2 watercourse
and the manner in which it is mairtained. The ohiactive for many of our watercourses Fish waters
is that they should be a good habitat for fish. Howavar, thare ars saveral types of fish

waters:

Satmonid spawning and nurse- In thege watars, trout or ather satmonigs

7Y wators: should be able ta spawn and the fry should
ke able to grow and develop.

Other salmanid waterg: In thesa waters, trout ang other salmonids
should be able to thrive.

Transk waters and other Fsh In these waters sel and #rout should be able

wabers: 10 pass, and eel, pika, barch and cyprinids

shouid be able ta thrive.

Maintenance of watarcourses with these objectives should be undertakan gently.
{Cherwise the watercourse quality would be so poor that compliance with the objecti-
ve would be preciuced.

It i important that weeds are not cleared away compietely. Part of the weed should Gentle weed Glearance
remain, e.g in the torm of horders along the sides of the walsrcourse:

3 sach individual case it should be evaluated how much weed can be left in place
witheu! the water level becoming tog high.

Consideration should alsc be given to the fact that the amount of weed can vary con-
siderably from year to year. Weed clearance must therefora be undartaken as nesded,
both with regpect to its timing and extent.




Figure 1.25 The first
expertments were con-
ducted in parts of the
Voer A stream system.
The experimental reach-
es are shown in blue.

The memorandum only deals with the county watercourscs.
However, it concluded by saying that once sufficient experi-
ence had been gained, the municipalities could be involved so
that the municipal watercourses could also be maintained in
accordance with the new principles.

It began with the Voer A stream system

Nordjylland County authoritics were quick to begin experi-
menting with how the physical condition of watercourses could
be improved in practice. They began with Voer A stream and
its tributaries Spanbaek brook and Tesbak brook. |

Voer A and several of its tributaries had clearly suffered from
regulation and hard-handed maintenance. It was therefore an
obvious choice to try to restore them so as to improve their
physical condition. Regulation had left both Voer A and the
tributaries lying deep below ground level. There was consc-
quently little danger of flooding adjacent fields if the water level
should rise more than expected during the experiments.

After a pilot study in 1978, the Land Tribunal gave permis-
sion for an experimental project in part of the Voer A stream
systemn (Figure 1.25),

voer A stream
Tesback brook

Tashak brook

“\.Voldbro bridge
Spénbaek brock Solholt bridge

A &
Idskov brid

Je
1 km

The project was undertaken as a watercourse regulation mat-
ter under the provisions of the previous Watercourse Act.
While the aim of regulating watercourses had previously been
to change their dimensions s0 as to improve their drainage ca-
pabilities, the aim in this case was to change the dimensions
in order to provide a better habitat for fish,

41



Figure 1.26 The cur-
vent can also form riffles
and pools in straight wa-
LEYCOUTYSES.
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Starting in 1980, Nordjvlland County authoritics undertook a
number of physical changes to the watercourses (10, 11). For
example, gravel banks were laid at intervals corresponding to
the distance between riffles in pristine watercourses. The dis-
tance between the tops of the gravel banks was 5-7 times the
width of the watercourse. This rapidly led to other changes in
the watercourse: The current eroded pools between the gravel
banks. Before long the bed resembled that of more natural
WatCrcourses.

Riffle Pool Riffle Pool
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A | T : H
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1/2 wavelength - 5-7 x width

Artificial hiding places for fish were also constructed. Some of
them were just a plank held in place by two iron poles (Figurc
1.27). Another fish hiding place consisted of PV pipes with
“individual™ holes for trout.

Stone banks were also constructed that jutted out from the
banks like small peninsulas. They are called current concen-
trators because they increasc the current. In some cases both
the bank and rhe outer side of the current concentrator were
stabilized with fascines. In Tesbak brook, they were construc-
ted in the form of long stone banks laid alternatcly on one
bank then the other.

Neither the gravel banks nor the current concentrators had
any negative cffect on discharge. The narrowing of the water-
course was rapidly counterbalanced by the greater depth cre-
ated by the current.

The experiment provided some experience on how to improve
conditions in watercourses. However, it also provided some
experience of how not to do so. For ecxample, it is not unim-
portant how the current concentrators are constructed. Some
of thosc that were established in Voer A stream were short,
had a flat upper side and jutted very sharply into the profile of
the watcrcourse. They had a vertical side facing the water.
The Danish Environmental Protection Agency Freshwater
Laboratory investigated what cffect these current concen-
trators had (12). The variation in current and bed conditions



ncar the current concentrators was as expected; however, the
effcct was concentrated ncar the current concentrator, and re-
sulted in the crosion of a deep hole that reduced the encrgy of
the current. The watcrcourse between the current concentra-
tors did not benefit from the current. There was not sutticient
interaction between two current concentrators, one lying im-
mediately downstream of the other. In additon, unwanted
deposits occurred around the current congentrators when the
water level rose or fell to around the upper cdge of the current
concentrators; because the upper surface of the current con-
centrators was flat, the cross section of the watercourse chan-
gcd abruptly, thereby causing an abrupt change in sedimenta-
tion conditions.

The conclusion reached was that the current concentrators
should be longer, like some of those constructed in Tesbak
brook. "This would cnsure that the current was imparted cnough
¢nergy to affect the whole section between two neighbouring
currcnt concentrators. Further conclusions were that the current
concentrators must not protrude too far into the watercourse,
and that the upper surface should be rounded and inchining,
the aim being ro avoid sudden changes in the watercourse
profile when the water level riscs or falls.

The studies nevertheless confirmed that despite their deficien-
cies, current concentrators, in combination with appropriate
establishment of gravel banks and gentle weed clearance, werc
responsible for the more varied physical conditions in the wa-
tercourse. Even though the pool in front of the current con-
centrator was very local, it provided a hiding place for a trout.

Figure 1.27 Establish-
ing a fish hading place in
Tosbeek brook.




Figure 1.28 Weed bor-
ders 1 Tosbeek brook
eveniually merged with
the banks. Adapted from
(11).

Gentle weed clearance in Voer A stream

‘The studies at Voer A stream also included gentle weed clea-
rance. Weed borders were left on alternate banks along the
length of the watercourse such that the water followed a wind-
ing path, even though the channel in which it ran was straight
(Figure 1.28).

\ Original bed
New bed

When deciding where to position the weed borders, the rule of
thumb provided by meandering watercourses was cmployed:
one meander cycle 1s approx. 10-14 times the width of the wa-
tercourse (see p 23). The weed was cleared more frequently
than stipulated in the Provisional Order, the aim being to en-
surc sufficient discharge capacity. After some time, the weed
borders silted up and merged with the banks. Bank vegetation
grew out and formed a densce roor net that stabilized the mud
and sand. The watercourse attained a meandering course and
became narrower and deeper (Figure 1.28). Its capacity to
drain water away did not diminish, however, partly because
the current channel had become deeper, and partly because
weed clearance was undertaken more frequently.




Figure 1.29 The num-
ber of tront th Spanbeek

brook and Tosbeek brock
increased. Adapred from
(i1).
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The gentlte weed clearance practice initiated in the initial phase
of the cxperiment in 1981-82 was twice as expensive as the
usual maintenance practice. The extra costs can be considered
as “construction” costs. After the initial phase, gentle weed clear-
ance was no more expensive than the hard-handed practice.

The efforts paid off

The number of trout increased in those places where gentle
weed clearance was undcertaken, gravel banks were established,
fish hiding places set up and current concentrators constructed
(Figure 1.29). The improvement was most marked in Spanbak
brook and Tesbaxk brook, where both restoration and gentle
weed clearance were undertaken, and less marked in Voer A
stream. In Tesbxk brook, the number of trout doubled from
1981 to 1982 near the weed borders, current concentrators and
gravel banks. Moreover, there was a further increase in 1983.
The trout populations of both Tesbxk and Spinbaxk brooks
have now rcached a size normal for good quality watercourscs
of their dimensions (scc p 97).
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Table 1.3 Inucrease in

trout population assoct-
ated ith various resto-
FALIoOn measiires.
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Stream name Clurrent Weed
coneentrators borders

Spanbak d-7x ; 3-S5

Tashaek 7-8x | 4-5x

In both Tesback and Spanbak brooks the trout population in-
creased more near the current concentrators than near the pla-
ces where gentle weed clearance was undertaken (Table 1.3),
Nevertheless, it 1s gentle weed clearance that 1s largely respon-
sible for the increased trout population, simply because there
arc many more weed banks than current concentrators. Gentle
weed clearance is also a far cheaper means of improving condi-
nions than actual restoration measurcs. For example, in 1981 a
weed border of the same length as a current concentrator of
stone cost approx. DKK 63 to establish 1n extra weed clearance
costs, while the stone “border” cost approx. DKIC 7,100.

A new Watercourse Act in 1982

The new Watercourse Act entered into force in 1982, The
provisions concerning maintenance contain nothing decidedly
new (Box 1.3). There are strict rules on how much the main-
tenance of watercourses may be changed. Morcover, mainten-
ance shall be undertaken in such a way that drainage capacity
is not lessencd in comparison with “earlier” methods. Whar is
decidedly new, however, 1s the objects clause (Box 1.4). In
simple terms, this states that the quality objectives must be tak-
en into account when watercourses are to be maintained. The
new Watercourse Act also includes a section on restoration
measures that watercourse authoritics could use in public wa-
tercourses so affected by regulation and maintenance that
their physical condition docs not live up to their designated
objectives. The Act gives a detailed description of what was
understood by the term restoration at the time the Act ente-
red into force (Box 1.5},

The restoration measures included are those that had proved
satisfactory in the USA (Figure 1.30).

At present, however, there is considerable difference between
restoration measures emploved in the USA and in Denmark.
While in Denmark the intention is to create habitats for trout
in watercourses in which the population 1s less than normal,
in the USA, restoration is often undertaken in natural water-
courses in order to ¢nsure a fish population greater than normal.



Box 1.3 Some of the
RLIIHICHANCE PYOTISIONS of
the new Wiatercourse Act.

Box 1.4 Objects clause:
The key 1o satisfactory
watercourse quality.

PART 1
Objective, et
F—-(1) The aim of this Act is lo ensure that water-
courses can be exploited for the drainage of water,
especially surface runoft, waste water and driwin water.
i 2) The stipulation and implementation ol measures in
conformity with the Act shall be conducied with
deference  to stipulations  concerning  watercourse
environmental quality laid down in other legislation.

Box 1.5 Completely
rew: Provisions on wa-
LEFCOUYse Festord H.G H OHIEd-
SHFCS.

PART 7
Mintenance of watercoiirses

Connon provisions for public and private
W CFCOUTSes

27. 41y Watercourses shall be maintained in such a
way that the individual watercourse’s shape or waler
discharge capacity does nol change.

12) Waterweed growth in watercourses may be limited
by mechanical methods such as weed cutting, uncarth-
ing. cte.. or by biological methods such as establish-
ing shady vegetation on the banks of the watercourse.

3y Cut waterweeds shall be gathered unless the mate-
rial is not detrimental t the watercourse or 1o the agua-
tic areu that the watercourse discharges oo,

(4) Sludge. waterweeds and other material that colle-
cis at weirs, dams or other hindrances must not be al-
lowed to proceed onwards to the detriment of the wa-
tercourse or the aquatic area that the watercourse dis-
charges into. The watercourse authorities can  lay
down more specilic provisions concerning this.

PART 8

Restoration of walercourses

37.—1} In the case ol public watercourses whose condi-
Lion docs not Fullil the regional waler quality targets, the
walcrcourse authornitics are empowered o improve condi-
tions by means of the following measures:

{a)y the establishment of artificial overhanging banks.

(b) 1he placement ol large rocks,

() the placement ol logs and the like un the water-
course bed,

(d)  the establishment of current convergers and

{e} the establishment of spawning banks.

{2} The watercourse authorities defray the expenses of
restoration,

(3} The Environmental Proweetion Agency can subsidise
large restoration projects.

(4)  Anyone sustaining a loss as a result of a restoration
preject has the right to compensation.

(5) The Minister for the Environment lays down more
specific regulations concerning restoration projects,
including repulations concerning the cooperation
between water authorities and belween walercourse

authorities and ather awthorites, as well as on the
involvement of the public,
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Logs positioned on the bed and artificial overhanging banks
arc usctul means of increasing the number of hiding places for
trout. However, it 1s open to discussion whether they improve
the aesthetic appearance of the watercourse.

Danish experience with restoration will be examined meore
closely in Chapters 3-5.

Figure 1.30 Exanmiples
of restorarion measures

tn the USA. Adapted
from (13).
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Present maintenance practice

The drainage capacity of watercourses still has to be ensured
by maintenance. However, good cnvironmental conditions
have also to be cnsured for fish, invertcbrates and plants.
Thus watcrcourses now have to look quite different from
those dlustrated in the old gurdelines, The river keeper now
hag to ensurc both that the watercourses can efficiently drain
away water, and at the samce ume censure that their environ-
mental condition is good.

The river keeper has been assigned new tasks. Whereas for-
merly all weed had to be cleared, including on the banks,
some of it has now to be left in place. Watercourse mainten-
ance is 1n the process of being replaced by watercourse care.

The uniform and “proper” condition of watercourses that re-
sulted from carlier maintenance practice 18 in conflict with the
forces of nature at work in the watercourses. The current does
not run in a straight line, burt twists and turns. The bed of a
natural watercourse 1s not ¢ven and uniform. It continuously
alternates between deep and shallow arcas, and it is comprised
of a changing pattern of sand, mud, gravel and stone.
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The river keeper now has to work with the watercourse’s own
forces. He has to help it to find 1ts own form. Formerly he
had to work against the forces that tried to release the water-
course from the straighgacket placed on it by the Provistonal
Order. With the new possibilitics, however, conditions that
rescmible those in patural watercourses can be recrceated with
relatively little effort. The result can be a healthy watercourse
that is sclf-purifying and provides a good habitat for fish, in-
vertebrates and plants.

It is often possible to undertake this work within the provi-
sions of the old Provisional Orders. Since many of the water-
courscs are actually wider than they should be, 1t 15 possible
to both narrow the watercourses and lay out stone and gravel
banks without coming inte conilict with their stipulated di-
mensions. Previously one had to comply with the stipulations
on the profile’s dimensions if the watcercourse was too narrow
and the bed too high, Compliance was achicved by widening
and decpening the watercourse untl it corresponded to the
dimensions stipulated in the Provisional Order governing the
watercourse, and often until it exceeded them. Now, the sti-
pulated dimensions have also to be taken scriously it the wa-
tercourse is too wide and oo deep, i.e. the maintenance work
has to be restricted to within the limits stipulated in the Provi-
sional Order.

Gentle maintenance pracrice transforms the watercourscs.
Tablc 2.2 shows that the trout population increased in the wa-
tercourses of Vejen Municipality following the introduction of
gentle maintenance practice.




The good results attained by Nordjylland County with gentle
maintenance practice in the Voer A stream system have also
had an impact on other of the county’s watercourses where
weed clearance practice comprises clearing current channels.
In Simested A stream there were 2-3 trout per 100 m2 when
hard-handed maintenance was undertaken. Following the in-
troduction of gentle weed clearance, up to 22 trout per 100
m2 can be found. In Skibsted-Lyngby A strcam the effect was
similar, the number of trout increasing from 2-3 per 100 m?
under hard-handed maintenance to 19-33 per m? after the in-
troduction of gentle weed clearance. The majority of these
trout arc probably derived from stocking operations. How-
ever, a precondition for the survival of stocked trout is the
presence of good hiding places. No matter whether the trout
are derived [rom stocking or are natural inhabitants of the wa-
tercourse, gentle weed clearance is a decisive determinant of
how many fish there is room for.

Chapter 6 presents further examples illustrating that the
environmental condition ol watercourses is starting to im-
prove. Among other means, this can be measured from the
number of trout now present in the watcrcourses, trout being
a good indicator of whether environmental conditions are sa-
tistactory.

The next chapter discusses how to maintain watcrcourses in a
manner that ensurcs their drainage capacity while at the same
time ensuring good environmental conditions.



Clearing weed using
a scythe

Clearing weed
ustug a floating
reaper

Clearing weed
using a basker
reaper

Dredging a watercourse



2. New ways of maintaining water-
courses

The invesugations in Voer A stream and its tributaries
showed that gentle weed clearance resulted in marked
improvements in the watercourses. Good results were
obtained at little cost. That gentle maintenance 1s a
good means of attaining good watercourse quality has
also been learned in other parts of the country. Many
of the watercourses had been maintained so thorough-
ly that their cross-scctional profile was greater than
stipulated in the Provisional Orders. It was thercforc
often possible to implement more gentle maintenance
without coming into conflict with the Provisional Or-
ders, there being room to lay stones, gravel beds and
weed borders in the “cxcess” part of the profile.

In many places watercourse authoritics and land-
owners have come to the rcalization that it is sufficient
to clear weed in a current channel that is perhaps just
half the width of the watercourse. This is sufficient to
ensure free water flow. Dredging often becomes unnec-
essary because not as much material is eroded trom
the banks and bed as when all the weed is cleared. In
addition, the strong current flushes away the sand and
mud as soon as it 1s deposited.

When a current channel 1s cleared through the weed,
the watercourse protile gradually becomes smaller be-
cause the weed borders gradually merge with the
banks. In this chapter, examples arc presented where
the current channel method of weed clearance has
transformed broad, channelized slowly flowing water-
courses to narrow, winding watercourses with a strong
current within the space of two or three years.

Gentle maintenance has made many watercourscs
better habitats for animals and plants. Physical condi-
tions have improved and this is also of significance for
the evaluation of their pollutional state. The self-puri-
fication process becomes more effective in these wa-
tercourses, and the presence of better habitats for in-
vertebrates often upgrades the watercourses to a high-
er “class” when their pollutional state 1s evaluated.



Dredging can destroy habitats

In 1981, Ribe County investigated what impact hard-handed
maintenance can have on the trout population of a brook.

The County investigated the trout population in Starup Baek
brook, a small tributary of Sneum A stream (1). The brook is
channelized and dredging was undertaken at intervals, How-
ever, a reach of the brook was starting to revert to a more natu-
ral form because maintcnance had been rather relaxed for
some vears. In this reach the brook had been allowed to de-
velop a more narrow course alternating between deep and
shallow parts. In Septembcer 1981 the trout were counted and
weighed. Thereafter the trout were also counted and weighed
in a downstream reach that because of regular maintenance
was uniform, wide and shallow.

There was a considerable difference between the trout popu-
lation in the two reaches. In the upper rcach, where there
were numerous hiding places, the population was extremely
good, with up to 360 trout per 100 m2. In the lower reach,
however, the trout population was only one fifth of that in a
corresponding length of the upper reach. The trout in the

Figure 2,1 There are lower reach were smaller than in the upper reach, and the

more and larger trowut in total weight of the trout was eight times less (Figure 2.1).

that part of Starup Beek

brook in which physical In October 1981, the upper reach with its many good hiding

conditions are best. places was dredged with the same thoroughness as was nor-
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Figure 2.2 The num-

ber of trou! is greatest in
that part of Starup Beek
brook that s deepest.

mal in the lower reach. The weed borders, overhanging banks
and bank vegetation disappeared. So did the majority of the
trout.

In the lower reach, in contrast, the number of trout was grea-
ter than before. They had undoubtedly swum down from the
upper reach after their hiding places had disappcearced. Dis-
charge was greater in October than in September, when the
first study was undertaken. The lower reach of the brook was
therefore deeper than during the September study. The grea-
ter water depth provided the trout with better hiding places
than previously (Figure 2.2).

Better watercourses with gentle maintenance

The studies in Stirup Bak brook showed that good hiding
places and a good water depth in the watercourses are import-
ant factors if one wants to have a good trout population.
Hard-handed maintenance can destroy that. The studics were
the start of changed maintenance practice in many of Ribe
County’s watercourscs. They began with gentle weed clear-
ance in streams where there were no major drainage problems
with the adjoining fields, e.g. watercourscs that pass through
meadows that arc no longer cultivated.

Experience with gentle maintenance has influenced the new
Provisional Orders that have been drawn up by Ribe County
(2): The main feature is that it is important to evaluate condi-
tions in the individual watercourses. One shall not attempt to
give the wartercourse a specific form or path as with the for-
mer watercourse maintenance practice. Instcad, one should
allow the watercourse to develop according to its own forces.
It is generally sufficient to clear a current channel of 60-70%
of the watercourse’s width, and undertake weed clcarance at
two to three fixed intervals. One normally cuts the weed right
back in the current channel. If a natural current channcl that
weed clearance can follow is lacking, onc clears a pattern that
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Current channel / Weed and sand depositicon

Figure 2.3 An examp-
le of howw one can clear a
meandertng curvent
channel in a straigh
WALEFCOUTSC.

corresponds to that shown in Figure 2.3. The wavelength of
the current channel meanders should be 10-14 nmes the
width of the watercourse, this being the path that flowing wa-
ter normaliy follows.

How much weed should be cleared?

In 1982, Sendernylland County undertook a number of studies
of weed clearance in Surbazk brook, a small tributary of Arna
stream (3). The idea was to investigate whether the water
could drain away effectively if a current channel was cleared
through the weed instead of the weed being cleared away
complerely.

During the coursc of the studies frequent measurcments were
made of the discharge and water level. 'The water level was
measured using graduated markers positioned in the brook at
a fixed height above the watercourse bed relative to Danish
Zero Levell Tt was important to investigate whether the cur-
rent channel was good enough at draining the water effec-
tively away that the water level did not rise so much that the
fields adjoining Surbaek brook became wet.

There are two factors that determine the water depth in a wa-
tercourse. One 15 the amount of weed in the watercourse. The
weed hinders the free flow of water and the more weed there
15 at a given discharge, the higher the water level will be (Fi-
gure 2.4),

The second factror is the amount of water that flows through
the watercourse, "The greater the discharge with a given amount
of weed, the higher will be the water level in the watercourse
(Figure 2.5).

Under the conditions that normally pertain in watercourses it
15 both the amount of weed and the discharge that are chan-
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Figure 2.4 Equal dis-
charge: The greater the
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Figure 2.5 Egqual ged. The water level in the watercourses 1s therefore deter-
amount of weed: The mincd by a combination of the two factors.

higher the discharge, the

higher the water level. When one wants to investigate the impact of weed on the wa-

ter level one has to undertake all measurements at ¢xactly the
same discharge. Otherwise onc cannot tell whether an incre-
asc in water level is due to an increase in the amount of water
or to an increase in the amount of weed, which hinders the
free flow of the water. One cannot decide what the discharge
will be. However, one can extrapolate the water level such
that it corresponds to what it would have been if discharge in
the watercoursc had been at a specified rate.

In the Surbaek brook studies all water levels were extrapolated
to a discharge of 400 litre/sec. This is called the “calibration”
water level. It 1s this level that 1s used to calculate or adjust
the discharge capacity of the watercourse.

57



Figure 2.6 The cali-
bration wwarer level it
Surbeek brook ar a dis-
charge of 400 litreisec,
The arrows tndicate
weed clearance. The wa-
ter level ts extrapolared
Sfronr the actual water
level measured relative
to Danish Zevo Level
usiting graduared warer
level markers fixed v the
brook.
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The calibration water level in Surbak brook at a discharge of
400 litre/sec is shown in Figure 2.6. The level shown 1s not
that measured, but the level the water would have had if dis-
charge had been constant at 400 hitre/see. The increase and
decrease in the calibration water level 1s alone derermined by
how much resistance the water meets while tlowing through
the watcercourse.

In the Surbak brook studics weed was cleared in three different
ways (Figure 2.7). On 28 July, a 1.5 m wide current channel
was cleared corresponding to one third of the width of the
brook. Figure 2.6 shows the water level that there would have
been in the brook if discharge had been 400 litre/sec. The water
level had been very high before weed clearance was under-
taken, but had started to recede as the weed (water crowfoot)
had flowered and was starting 1o wither. From FFigure 2.6 it can
be seen that clearing a current channel corresponding to one
third of the brook’s width causes the water level 1o fall to ap-
prox. 14 cm on the graduated marker. The water level then in-
creases again because the weed (water crowfoot) grows up
again. When a 3 m wide current channel was clcared of weed
on 18 August, the water level fell to approx. 13 cm on the mar-
ker. This is less than 1 em lower than when the narrow current
channel was cleared, and a doubling of the wadth of the current
channcl only resulted in an insignificant improvement in dis-
charge capacity. The small current channel thus appears to be
sufficient to allow the water to flow freely. Final weed clearance
was undertaken in October, at which tme the weed was cleared
across the whole width of the brook. The water level fell to just
under 10 em on the graduated marker, but soon returned to
the same level as with a 3 m current channel.



Figuvre 2.7 The weed
in Surbeek brook was
cleared vy three different
ways.
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18 August
wl, =13 em

14 and 18 Oclober
wel, = 10 om

Good flow in the current channel

Clearing a narrow current channel through the weed in Sur-
bak brook significantly improved discharge capacity and re¢-
duced the water level so much that problems did not arise
with watcr in the adjoining fields. A doubling of the width of
the current channel {rom one third to two thirds of the width
of the brook resulted in little further improvement in dis-
charge capacity, and a correspondingly small extra fall in the
water level. As in most other watercourses, the weed in Sur-
bzk brook had hitherto been completely cleared by fixed dead-
lines.

'The lesson learned from the studies was that weed clearance
can instead be undertaken when it 1s nccessary. This corre-
sponds to what onc docs when one clears roads of snow in the
winter: one clears the snow when it 1s necessary. By holding
an eye on the watercourse’s discharge capacity one can initi-
ate weed clearance before the water level becomes so high as
to damage the fields. At Surbak brook, for example, one can
initiate weed clearance when the water level approaches 25
cm at a discharge of 400 litres/sec. That is a water level that
can threaten the fields. Figure 2.6 shows that from 15 May,
the brook has insufficient discharge capacity to sateguard
againsrt such a high warer level. In order 1o ensure a satisfactory
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Figuve 2.8 The cur-
rent chanmnel should fol-
low the deepest part of
the warercourse, which 1s
not always nud stream.
Adapted from (4).
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discharge capacity 1t 1s therefore necessary to clear a current
channel at the end of the first week in May.

It 1s important that the current channel one clears through the
weed follows the natural current channel, i.¢. the deepest part of
the watcrcourse. This gives the most effective drainage of water
(Figure 2.8). It is not enough just to clear a channel mid stream.

Weed clearance in mid stream

Weed clearance in the current channel

The studies in Surbaxk brook were the start of gentle weed
clearance practice by Sendcerjylland County.

Other studies of the current channel method of weed clear-
ance have since been undertaken. In the 2 m wide Herreds-
bak brook in Himmerland (5), studies have been undertaken
of the effectiveness of current channels cleared through a
weed growth of bur reed. It was found that a current channel
of only a quarter of the width of the brook was sufficient to
cnsure a fall in water level equivalent to 50% of the maximum
attainable upon complete clearance of the weed.

Weed in the current channel

In watercourses in which an actual current channel has not
been cleared, the majority of the water tends to run in a cur-
rent channel that meanders from side to side. In towards the
sides, where the water is shallow, resistance against the flow of



Figuve 2.9 In the cur-
rent chanvel bur reed
feaves qwill be pressed
dotent aganst the bed
when the current
tnereases. As a rvesudt,
they afford less resis-
tarnce o water flow.

water 1s greater than in the deeper parts. Only a minor frac-
tion of the water runs closc to the sides.

Water flow in the current channel is good even if there 1s weed
growing in it. The resistance against water flow afforded by
weed 1s less in a deep current channel than in a wide and
shallow watercourse, even if weed density i1s equal in the two.

The more weed thart fills the watcercourse cross-scctional pro-
file, the greater the resistance to the flow of water. This ap-
plics primarily to watercourses that are wide and shallow. The
long leaves of bur reed are particularly good at hindering rhe
flow of water in such watercourses. In contrast, if these same
leaves are present in a narrow deep current channel they have
a different effect on water flow. The resistance they afford be-
comes less. When discharge (and hence the current) increases,
the resistance afforded by the bur reed leaves falls. The cur-
rent presses the leaves down against the bed such that the wa-
ter can flow treelv over them (Figure 2.9). In a deep current
channct Iined with bur reed the discharge capacity can mcreasc
when the current becomes stronger (6).
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"T'his is one of the reasons why water flow problems are so rarc
when weeds are cleared to form a current channel.

There is one further reason why a deep current channel can

have a good discharge capacity cven if there 1s weed i,
Some weed species grow differently in a deep current channel
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than in a broad shallow watercourse. This applies 1o plants
such as the water crowfoot. In the wide, shallow watercourse
their fincly branched crowns fill almost the complete cross-
scetional profile of the watercourse. In the deep narrow water-
course, in contrast, the branched crowns lic ncar the surface,
and are fastened to the bed by long thin stems that occupy little
of the watercourse’s cross-sccuonal profile. Below the crowns
there is therefore only a small amount of weed to hinder the
flow of water (Figurc 2.10).

EEEE—
Figure 2.10 In deep
atercourses the majority N h\:__,,,_f.:
of the water crowfoor o , S ‘{Af}\a?\' L v

plant 1s near the surface.
Lower doton there arc
only the thin stems 1o af-
Jord resistance, and it 15
here that the majority of
the water flows.

Several types of weed

In the Surbak brook studics it was seen that the calibration
water level had already started to fall when clearance of the
water crowfoot plants was imtiated in the carly summer. It
was also scen that the water crowfoot rapidly grew again such
that the water level rose once more.

Since the Surbak brook studies, Senderjylland County has
investigated when best to undertake weed clearance (7). Two
main types of weed were studied: water crowfootr and bur
reed. Both are among the most common plants in watercour-
ses, and they can form such dense growths that the water has
difficulty in flowing away.

The water crowfoot can be onc of the useful watercourse plants,
especially when 1t is present as isolated beds. It is a good habi-
tat for watcrcourse invertebrates and provides good hiding
places for fish. In these beds the fauna can be diverse. If the
beds are not too close to each other, a good current channel
can form between them.
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Figure 2.11 Bur recd

thrives on a muddy bed.

It can drrve water
crozgfoor out becaiise it
causes mud to accumu-

late. Adapted from (8).

Silkeborg Municipality has good cxpericnce of re-cstablishing
water crowfoot in watercourses. A clump of the plants is set out
held in place by a stone. Betore long the plants root, and within
3-4 years the plant has spread several kilometres downstream.

Bur rced 1s one ol the watercourse plants that can cause serious
problems, both with respect to flow, the bed and the flora and
fauna. The leaves are a poor habitat cxcept for a few inverte-
brates that can affix themselves to the leaves, e.g. the larvae of
the buffalo gnat. They can be present in very great numbers.
The fauna inhabiring the planrt is very uniform. When bur reed
occurs very densely, the current is weak near the bed and mud is
deposited. The plants thrive in such a bed, while the water
crowfoot prefers a gravel bed. Water crowfoot plants growing
downstrcam ol bur rced are sheltered from the current and mud
therefore deposits around them. As they thrive badly under such
conditions, they can be driven out by bur reed (Figure 2.11).

When should the weed be cleared?

The study by Sendenylland County (7) showed that water
crowfoot grows very rapidly in the spring, when there is
plenty of light and the water becomes warmer. It beging o
wither early in the summer, though, after it has flowered. If
one just leaves the weed alone at that time, the current itself
will thin our the older parts of the plant; however, it one
instead starts to clear the weed early in the summer, light will
be able to penetrate to the lower parts and they will spring to
life again, thereby rapidly filling up the watercourse again. It
grows well because there is much light and the water is warm.
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Figure 2.12 Waier
crowfoot should be cleared
as late as possible while
bur reed should be cleared
as little as possible.
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It 1s best to clear water crowfoot as late in the summer as pos-
sible. Clearing the weed too early just helps it to grow, or pro-
vides bur reed with the chance to take over becausce light rea-
ches the small shoots,

Water crowfoot Bur reed
Clear as late Clear as litle
as possible as possible

Bur reed grows throughout the summer if there 1s sufficient
light. There is always a fresh supply of small shoots waiting to
grow up from the foot of the plants. When the leaves are cleared
at any time during light periods of the year, the new shoots
rapidly grow because light reaches them. If, however, one re-
frains from clearing or only undertakes whar clearance 1s cs-
sential, then there is usually so much shade at the foot of the
plants that the small shoots cannot grow.

The studics showed that the most serious problems with weed
occurred in watercourses that were channelized and in which
the weed was cleared frequently. The fewest problems occur-
red in those watercourses that were left untouched as much as
possible. Frequent weed clearance promotes plants such as
bur reed at the expense of other plants.

When planning weed clearance it is important to understand
how the various species react to clearance.

Care of the current channel

The current channels that have now been formed in many of

our watercourses have made these narrower and deeper, and
have given them a meandering or rather a winding path.



Figuve 2.13 ITrans-
Sformation of a water-
course from one that is
wide and wanaged i a
hard-handed manner to
ORC TUII d Rarrote crr-
rent chaniel torth room
for weed beds in the
channel.

When a current channel is first made, weed remains along the
sides of the watercourse. This provides good habitats for fish
and invertebrates. However, the weed borders gradually be-
come overgrown and merge with the banks such that what
started as weed borders becomes part of the land adjoming
the watcrcourse (Figure 2.13).

The current channel ends up being the new watercourse. It
has both to ensurc an adequate discharge capacity and provide
a good habitat for fish, plants and invertebrates, It is thercfore
important to clear the weed in the current channel so that suf-
ficient water can flow through. If the current channel is nar-
row, however, the channel might just be a bare canal after the
necessary weed clearance has been undertaken, thereby bring-
ing us back to the situation under the former maintenance prac-
tice, i.e. the canal would be smaller than before, but just as
barc and devoid of habitats for invertebrates and fish.

It 1s therefore necessary to maintain or care tor the current
channel in such a way that it does not become so narrow that
there is no room for weed to grow in it. Some weed species,
cspecially watercress and bur reed, can rapidly spread in from
the sides. Maintenance thercfore switches from keeping the
current channel free of weed to keeping it so wide that there is
room for weed to grow in it. In the current there needs to be
room for those fish and invertebrates that require a fast cur-
rent and oxygen-rich water.
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In sutficiently wide current channels, the weed can be cleared
in a reticulate {ashion (9) or such that it occurs as an array of
istands. The current channcl will then be a network of small
current channels in between the weed 1slands.

Gentle weed clearance

The aim of gentle weed clearance is 1o creare better habitats
for fish and invertchrates, and 1o have a watcrcourse that is to
a certain extent able to maintain itself.

One of the methods of undcertaking gentle weed clearance is
to clear a current channel through the weed. This improves
the current and the bed from the point of view of the require-
ments of the fauna, and the weed borders left along the sides
ot the watercourse provide good habitats. The method also
increases the self-purification capacity of the watercourse and
protects the banks against the current.

The experience so far gained indicates that drainage is adequate
In watercourses in which weed clearance is restricted to a cur-
rent channel,

In the following a number of examples will be presented of
how Countics and Municipalities have undertaken gentle weed
clearance under different conditions. A common feature is that
the watercourses have become narrower with more natural
conditions. However, in order 1o create a good habitat for fish
and 1invertebrates it 1s not sufficient just ro reduce a water-
course’s width - there have also 1o be good habitats in the wa-
tercourse. It is therctore necessary to plan weed clearance such
thar there 1s also room for weed in the current channel.

A watercourse between cultivated fields

Bjerge A stream in Vestsjaclland County runs through an arca
where the ficlds arc cultivated night to the edge of the water-
course, or more correctly to a distance of 2 m from the water-
course. A new Provisional Order has been drawn up that
requires Bjerge A stream to meet a specified discharge capa-
city (10). This is measured with the aid of graduated water
level markers crected at 3 different locations along the course
of the stream. In additon, the water level 1s measured at a
further 7 water level markers where for a given water level, dis-
charge should meet a specified minimum rate.



Figure 2.14 QO/H
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The discharge capacity of Bjerge A stream has to be checked
during the winter period from 15 October to 30 April. The
water level at a given discharge rate must not exceed the valuc
stipulated in a Q/I1 graph for the watercourse (Figure 2.14).
If the water level cxceeds the stipulated level, weed remains
have to be removed or the stream has 1o be dredged of any
sand and mud that has washed into the strecam. However, the
Provisional Order stipulates that gravel and stone beds must
not be wuched. Dredging is only allowed from 1 August to
15 October, the latter date being chosen because this 1s when
the cel start to hibernate in the mud and the trout start to lay
their eggs in the gravel spawning grounds - otherwisce the sand
and mud that is whirled up by dredging could destroy the
spawning grounds {see Chapter 3).

In the summer period a meandering current channel is to be
cleared through the weed in Bjerge A stream. The current
channel has to meet specificd dimensions in the various parts
of the watercourse (Table 2.1).

Reach {(m) Current channel {m)

2.8 -

0-1,125 3.2
[,125 - 2,660 2.4-2.6
2,640 - 3,910 1.8 - 2.0
3,040 - 5,230 1.9-2.2
5,230 - 0,145 2.2-2.4
6,145 - 7,495 1.2-1.4
7,405 - 8,215 1.9-2.2

The water level is checked using the graduated water level
markers. It the stipulated “normal maximum water level” is
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Figure 2.15 Holrum A
streawn iS HOLL RAYYroTLer
than when the weed was
cleared v accordance
with the former Provi-
sional Order.
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cxceeded, the landowner can request that extraordinary weed
clearance be undertaken. Whether or not this will be under-
taken depends on the County’s evaluation of the cause of the
high water level. The latter could be due to cxcessive dis-
charge, excessive deposition on the bed or too much weed.

A watercourse between uncultivated meadows

Holtum A stream in Ringkjebing County is surrounded by meca-
dows that are no longer cultvated. There is therefore no nced
to maintain the watercourse for agricultural reasons. However,
maintenance can be desirable for other reasons, ¢.g. if the wa-
tercourse is not to become completely overgrown, Ringkjebing
County decided to maintain the stream in such a way as to ¢n-
sure that its physical condition is in accordance with the quality
objective stipulated for it, i.c. that trout can inhabit it (11). A 3-
4 m wide meandering current channel is cleared through the
weed, this being much narrower than the widrh stipulated in
the former Provisional Order (Figure 2.15).
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According to the new provisions, removal of the fish hiding
places present in the stream should as far as possible be
avoided. This applies, for example, to the overhanging banks
and weed beds. Bank vegetation should also be left in place
unless it grows in over the current channel.

The provisional Order governing Holtum A stream is an ¢xam-
ple of current management of a watercourse that is no longer of
great interest from the point of view of agricultural drainage.

New maintenance practices in municipal watercourses

From the beginning of the 1980s it was the Counties who
showed greatest interest in the new ideas on cnvironmentally



sound watercourse maintenance. However, some of the Munici-
palitics also showed an early interest in the new ideas in the new
Watcrcourse Act. One of these was Norager Municipality (12),
which is responsible for the upper reaches of some of the large
Himmerland watcrcourses, ¢.g. Senderup A stream, Lerkenfult
A stream, Simested A stream and Lindenborg A stream. Somc
of them had been maintained in such a hard-handed manner
that they had become 2 m wide where the natural width was (0.5
m. Moreover, a month or two after weed clearance had been
undertaken, the weed had regrown to 1ts former density,

In 1983 the Municipality selected 30 km of watcrcourse for a
tral of the new environmentally sound methods. The water-
courses were to be dredged and the weed cleared by hand, and
the bank vegetation was to be left in place. Weed clearance was
to be undertaken when necessary, which could mean under-
taking clearance several times more than previously. The water-
courses were narrowed in to increase the current. There was
very closc contact with the landowncers who gencrally viewed
the new methods positively. After the two-year trial period in
1985, it was ascertained that environmental conditions had im-
proved in many places in the watercourses. Morcover, there
had not been serious problems with water flow, In one casc ac-
cumulation of water was simply solved by raking the weed aside
$o that the water could drain freely away in a current channel.

A new watercourse in three vears

A few years ago Skiveren stream in Thisted Municipality
resembled most other small watercourses that had been main-
tained in a hard-handed manner using machines. It was 3.5 m
wide - much wider than stipulated in the Provisional Order. The
environmental conditions were accordingly poor: A weak cur-
rent, a uniform bed and poor habitats for fish and invertcbrates.

In 1987, a start was madc on only clearing part of the weed in
the watercourse, namely in a current channcl. By 1990 the
watercourse had already become 2 m narrower and with a
winding current channcl (Figure 2.16) (13). The water depth
had increased, the current had become stronger and the bed
more varied. Discharge capacity had not diminished, but it
was necessary to clear weed more frequently than before -
four times annually as compared with twice annually. Other-
wis¢ the current channel would become completely
overgrown. All in all the new weed clearance practice was
somewhat more costly than the former practice because weed
clearance has to be undcertaken more frequently.
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Figure 2.16 Skiveren stream in Thisted Municipality was transformed betwween 1987 (upper
left) and 1990 (lower right) by stwitching to the curvent channel method of weed clearance.
Phorographs by Frank Eliasson.
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1able 2.2 Afrer gentle
matntenaice had been
practised for some years
i Tegere Municipaliry,
there was a good rrout
popudation ar more than
reoice as many locarions
as previoushy,

More pleasant watercourses with more fish

In 1989 Vejen Municipality passed a supplementary Provi-
sional Order, the aim of which was to ensure that its water-
courses were managed in such a way that they could meet the
requirements of the quality objectives (Box 2.1). A main fea-
ture 1s that some of the watercourses are to be gently main-
tained by clearing a current channcl through the weed and leav-
ing the bank vegetation intact,

As carly as 1986, trials had been undertaken with more cnvi-
ronmentally sound maintenance in the high quality objective
watercourses; the results of this became apparent in several
ways. A serics of photographs of Trancker Bazk brook is
shown in Figure 2.17 (14). As with Skiveren stream in Thi-
sted Municipality, Tranckaer Bak brook was transformed
within the space of a few years from a uniform canal to a wind-
ing brook. The brook had been a broad straight canal until
1088, when gentle maintenance was introduced. The width of
the watercourse bed has been halved and whereas the bed was
formerly only of mud, there arec now several parts with a
gravel bed.

The endeavours of Vejen Municipality have also shown result
m another way. The trout population in the watcrcourses 1s
monitored by Ribe County. After cnvironmentally sound ma-
intenance of the watercourses was introduced therc has been
a clear improvement in the trout population, not only in
Tranckaer Baxk brook, but also in other watercourses (Table
2.2). In 1981-83, beforc gentle maintenance was introduced,
there was a good trout population at 27% of the locations in-
vestigated in the watercourses. In 1988-90, by which time
gentle maintenance had been practised for some years, there
was a good trout population at 66% of the locations investi-
gated (I5). What is understood by a good trout population 1s
explained in Chapter 3.

R : , . —
1981-83 1985-87 J [OK5-90
| Cood Smali or Gond Smallor — Good Small or
trout no 1row trout no rout trout no trout
stock stock oslock oslick stock stock
. N . _ - e
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Figuve 2.17 Tranckeer
Beek brook in Vejen
Municipality was trass-
Jormed into a narrvow
winding current channel
Jrom 1986 (upper) ro
1990 (lower). Photo-
graphs by Laila Nielsen.

72



Box 2.1 Watercourse maintenance principles stipulated by Vejen
Municipality.

Maintenance categories

Category 1

1. If possible no rcal maintenance should be undertaken. The watercoursc reach-
es should be checked over at least once a vear for the removal of any items that
obstruct the free flow of water, e.g. fallen branches, toppled trecs, etc.

2. "This form of maintenance should primarily be applied in the case of “A” wa-
tercourscs, i.e. watercourses where the quality objective is an area of special scien-
tific interest.

Category 11

1. The weed is cleared close to the bed in the watercourse’s natural current chan-
nel and in a width sufficient to ensure that the stipulated discharge capacity 1s
met.

As far as possible the weed should not be cleared near the banks of the water-
course, and as far as possible the current channel is to be cleared in a meandering
fashion.

2. The weed borders outside the current channel must not be cleared or removed
unless they hinder frec flow into the watercourse from drains, other pipes or open
ditches.

3. In places where the actual dimensions of the watercourse are greater than the
stipulated dimensions, and where this ¢nsures a greater discharge capacity than
provided for, the weed is only to be cleared in a current channel that corresponds
to the stipulated dimensions.

4. Weed refuse shall be removed unless the weed will not be detrimental to the
watercoursc or the water bodics into which the watercourse flows.

5. Clearance of vegetation on the banks of the warercourse is to be restricted as
much as possible, and should only be undertaken if the vegetation significantly re-
duces the stipulated discharge capacity.

Weed clearance is to be undertaken during the period 15 May to 31 October
and clearance is to be undertaken on whole reaches or parts of reaches if the cur-
rent channel becomes morc overgrown than allowed according to point 1 above.
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Weed clearance is to be inttiated in response to the watercourse authority’s normal
supervision of the watercourses or upon the request of the aftected landowners.

7. Removal of sand and smoothing out of the banks should be avoided as far as
possible. If as an exception such mcasures must be undertaken, they should wait
unttl the first-coming August/September. Minor deposits that obstruct free flow
from drains, ctc, can be removed all vear, however.

Dredging shall be undertaken in such a way that stonc and gravel beds are as far
as possible neither disturbed nor removed. Overhanging banks must not be dam-
aged during dredging.

8. Category II maintenance should primarily be applied in the case of watercour-
ses whose quality objective designates them as fish waters.

9. Maintenance is to be undertaken manually.

Category 111

1. The watercoursce is to be maintained in accordance with the dimensions stipu-
lated in the Provisional Order.

2. In places where the actual dimensions of the watercourse arc greater than the
stipulated dimensions, and where this ensures a greater discharge capacity than
provided for, the weed is only to be cleared in a current channel that corresponds
to the stipulated dimensions.

3. Clearance of vegetation on the banks of the watercourse is only to be under-
taken where this is necessary to ensure the stipulated discharge capacity in accor-
dance with point 1, but may be undertaken by machine.

4. Watercourse maintenance is to be undertaken once annually prior to 1 No-
vember.

5. Dredging of the bed and smoothing out of the banks may be undertaken by
machine all vear round.

6. Category [1I maintenance is primarily to be applied in the case of watercourses
whose designated quality objective is C, I, E or I, i.c. watercourses that are in-
tended for drainage purposcs, watercourses affected by sewage, watercourscs
aftected by water abstraction and ochreous watercourses.



Figuve 2,18 The river
keeper in Borkop Mui-
ctpality fras now created
d HETU Walercourse with
10 tinmes as many rrout
as before. Photograph by
Jan Nielsen,

In Barkop Municipaliry, hard-handed watercourse mainten-
ance was pracused unnl late in the 1980s. However, in 1088
there was a switch to gentle maintenance involving clearance
of a current channel through the weed. The work is under-
taken by a river keeper with a thorough knowledge of water-
courses. In addition to maintaining the current channel he
has to solve acute problems with water flow. T'he results are
alrcady visible in the watercourses, for example in Skarup A
strcam. It had originally had a natural width of 60 cm but
hard-handed maintenance had enlarged it to 3 m. It is now
down to a width of 1 m (Figure 2.18) and in 1992 there were
10 times as many trout as in 1988 (16).

The private watercourses

By far the majoriry of Danish watercourses arc private. Some
of them are small brooks that can contain very good habitats
for invertebrates, and which are good spawning places for
trout. The Watercourse Act also applies to these watcrcour-
ses. It 15 the Municipality that is the watercourse authority,
but it is the landowners who are responsible for maintaining
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Box 2.2 Good advice on the maintenance of small privaie brooks.
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10 pieces of good advice from Holstebro Municipality on the maintenance of
watercourses

1.

10.

Go for a walk along the watercourse and evaluate the need for maintenance. Find
the places in the watercourse that hinder free tlow of water - start by dealing with
them. If in doubr, then seek advice before you begin.

Limit maintenance as much as possible, and maintain the watercourse in such a way
as not to channetize it, i.e. do not deepen or widen it in relation to its original form.

Undertake maintenance by hand, and only use machines if absolutely necessary.

Only clear weed in the current channel and at maximum in two thirds of the
width of the watercourse.

Do not let the weed refuse float down the watercourse. It 1s best to cart it away
(use it as fertilizer), but if that is not possible, then throw it up onto the bank a
good distance from the watercoursc.

Limit dredging to the current channel and only remove mud and sand deposits.
Dredging and weed clearance may only be undertaken in July and August.

Do not dig into the banks unless absolutely necessary. If digging is necessary,
then make the slopes as flat as possible.

Leave the bank vegetation intact as well as shade-giving trees and bushes along
the watercoursc.

Leave free a good distance from the upper edge of the banks of the water-
course. Remember to erect fences along grazing meadows.




the watercourses. The private watcrcourses for which a qua-
lity objective has been stipulated (see page 30) have to be main-
tainced 1n such a manner that the physical conditions meet the
requirements sct by the quality objective. The Danish Envi-
ronmental Protcection Agency has published a pamphlct giv-
ing good advice on how to maintain small watcrcourses (17)
and in the winter of 1994/95 distributed a vidco programme
on the same topic. The good advice that Holstebro Municipa-
lity gives to landowners who have to maintain such brooks 1s
shown in Box 2.2 (18).

Types of Provisional Order

A review of Provisional Orders, instructions and supplemen-
tary Provisional Ordcers issued by various Counties and Muni-
cipalities indicates that the maintenance principles follow the
lines of reasoning and ideas expounded in the new Water-
course Act. It is worth noting that even though new Provisio-
nal Orders have not been drawn up for all watercourses, this
has not hindered the implementation of the new regulations
on maintenance (see Chapter 6). An overall evaluation of the
Provisional Ordcrs that have been processed by the Danish
Environmental Protection Agency (19} indicates that most in-
terest has been shown in the new regulations on how water-
courses should be maintainced so as to bring watercourse qua-
lity in linc with the requirements of the quality objectives.
There arc two ways of regulating maintenance. One s to
require thar the watercourse should have a specificd discharge
capacity, and the other is to require that the dimensions of the
watercourse mect specified measurements.

Provisional Orders based on discharge capacity were rather
common soon after the new Watercourse Act entered into
force. With this method one can supulate correlated values
for discharge and water level, the so-called /H relationships
(Figure 2.14). It is then possible to plan maintenance so as to
meet preassigned requirements to the Q/H relationships. This
ensures that the weed 1s cleared when necessary with respect
to drainage interests. It provides the possibility for weed beds
to be left in the watercourse, for the watercourse to be nar-
rowed, for the watercourse bed to be raised or for the water-
course to be modified in other ways that improve watercourse
quality within the bounds of the stipulated discharge capacity.

Maintenance on the basis of Q/H relatonships can be costly

as frequent measurements have to be made at many stations,
both during the planning stage and during the follow-up
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period. It also requires time-serics of corrclated data on water
flow conditions.

T'his has mcant that the interest in the Q/H method has dimin-
ished. Its primary use now is probably for especially high qua-
lity objective watercourses that run through important farm-
ng areas.

The second means of regulating maintenance is through the
dimensions that are stipulated {or the watercourse’s cross-sec-
tional profile. In this case maintenance has to be undertaken
in such a way as to comply with a mimimum depth and wadth.
Provisional Orders of this type were normal under the former
Watcercourse Act. 'The profile method can still be used advan-
tageously today in the case of watercourses whose primary
quality objective 1s effective drainage. In contrast, the method
would not be appropriate in the case of watercourses where
good cnvironmental conditions are desired.

In the case of high quality objective watercourses, a modified
profile method has gradually been developed. Instead of con-
centrating on compliance with a spcecificd width and depth,
one concentrates on compliance with a specified cross-section-
al arca. After all, that ts what 1s import as far as concerns dis-
charge capacity. With this method it is therefore permissible
to undertake maintenance using sav a current channel that 1s
narrower but deeper than if the watercourse was maintained
in accordance with a specitied width and depth.

As mentioned on page 26, many DDanish watercourses are both
wider and deeper than the dimensions stpulated 1n the Provi-
sional Orders. In such cases it is allowable without further
ado to undertake maintenance based on current channels and
weed borders in that part of the cross-section that lhies within
the profile stipulated in the Provisional Order. However, the
watercourse authority has neither the duty nor the right to
maintain that part ol the watercourse outside of the stipulated
profile,

A further variauon on this method of regulating maintenance
1s the increasingly frequent case where a current channel 1s al-
lowed thart 1s narrower than the width stipulated in the Provi-
sional Order. This is compensated for by undertaking more
frequent weed clearance than required in the old Provisional
Order. In many instances this gives an enhanced safeguard
against flooding.



Figuvre 2.19 Weed
clearance prodieces very
great quuntities of weed
refusc. It must normally
be remroved front the wa-

ICYCOHFse.

The weed refuse

The Watercourse Act states that weed cuttings are to be re-
moved it is detrimental to the watercourse or the water body
into which the watercourse flows. This provision was included
in the Act in 1982, The problem had been known much long-
cr, however. For example, weed refuse has been removed
from the river Norrea at Randers since 1921 because 1t causes
problems for the fishermen in Randers Fjord: Tt gets tangled
up in their fishing nets.

In the majority of county watcrcourses the weed refuse 18 col-
lected. An analysis made in 1990 showed thar this was the
casc in 90% of the watercourses (20). There 1s no overall
assessment of the removal of weed refuse in municipal water-
courses. Howcever, in the municipalities discussed in Chapter
6, removal of the weed refuse is considered a part of gentle
maintenance practice.

In some cases the weed retuse is laid up on the bank in step with
weed clearance, ¢.g. when the weed 1s cleared using a basket
reaper. Under the powers of the Watercourse Act, the watercourse
authority can instruct the landowner to remove this refuse {from
the watercourse bank. It it is left to lie, it can in time fernlize the
underlying soil thereby possibly promoting a dense growth of
stinging nettles. This is not particularly good for the watercourse
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Figure 2.20 A weed
refuse restraimng device
that can catch Cana-
dian pondweed and other
tvpes of weed refuse that
drift deep down i the
water. Adapted from

(21).
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as the plant reots do not bind the soil together and nettles are a
poor habiatat for insccts, birds and small mammals,

Onec can also let the weed refuse drift downstream and then
catch it at intervals using floating restraining devices. The most
simple weed restraining device 1s a beam tied to the banks that
floats on the surface of the water. Such a restraining device
can catch the weed that 1s so light that it floats on the surface
of the water, ¢.g. water crowfoot.,

However, other types of weed, ¢.g. Canadian pondweed, drift
along the bottom. In order to catch such weed refuse it 1s ne-

cessary Lo usc a restraining device that projects down nto the
water such as that shown in Figure 2,20,

Floating restraining device

Water surface

Beams at 60 cm intervals

( Bed of Jordbro A stream

How long can the weed be left to lie?

Many small ¢e¢l can be caught up in the weed when it is re-
moved. They should be given a chance to return to the water-
course before the weed is carted away. They usually manage
to get away within 24 hours (21).

During the course of that time, much water drains oft the
weed refuse (Figure 2.21). It is important that as much water
as possible drains out of the refuse before it is carted away.
On the other hand, the weed should not be lett to lie too long
or the sap will start to seep out of the weed; it 15 somewhat
like silage scepage water, and can causc considcrable pollu-
tion. The sap starts to seep out of the weed refuse after it has
been lying about 24 hours (Figurc 2.22).



Figure 2.21 Mosr of
the water dratns from
the weed vefuse stack
cegririg the frrse 24
hrours. Adapred from
(21).

Figuve 2.22 i the
course of a fere davs sap
SIArts 1o seep out of the

weed vefuse. It consuntes

oxygen (mceasured as

BOD) if 1t enters the
weatercourse. Adapted
from (21;.
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The weed refuse should be transported to a storage site that
complies with the rcquirements on the storage of animal
manurc. There has ro be a warertight basce and a watertight
container in which the sap can be collected.

The weed refuse can be used as fertilizer or as soil improver

in ficlds and forests. It could also be used together with straw,
etc., to make compost.
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Table 2.3 A siuedy un-
dertaken in Haverslev
Municipaliry revealed
that shading by bank
vegetation could be used
to hold dowon weed
growth.

Bank vegetation can improve watercourse quality

A common feature of gentle maintenance 1s that the bank ve-
getation 1s not usually cleared any more. The Watercourse
Act provides good possibilities for this, the reason for includ-
ing this provision being that the bank vegetation could shade
out some of the weed in the watercourse (Table 2.3 (22)),
thereby saving on maintenance. Bank vegetation provides
other advanrages as well, though, and conditions on the bank
have a decisive impact on watercourse guality as a whole (Fi-
gure 2.23).

Brooklime
(+ water cclery)
Grasscs
Filamentous algae
Total
Weed per m”

20,08, 1981 17.08.1982

Normal bank clearance No bank clearance

Wet weight Dry weight Wet weight Dry weight
6.07 kg 5585 ¢g 1.60 kg 115.0¢g
(.90 kg 1210 ¢ 1.03 kg 109.0 g
0.07 kg 47 ¢ 0 0
7.04 kg 6812 a 2.63 kg 2240 g
0.37 kg 364 o 0.11 kg 11.9¢g
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In the case of small watercourses, the shade can hold down the
water temperature on warm summer days; as a consequence,
the oxygen content of the water is higher, thereby benefitting
the fish. Morcover, fish require less oxygen to thrive at lower
temperatures. The value of shade s illustrated by a study in
Kalvermose A stream at Holbak (23). The current channel
mecthod of weed clearance has been practised there since
1988, and the bank vegetration has been left untouched so that
its shade could hinder the sun in overheating the water. Studies
of the trout population in the stream over the period 1990-92
revealed that the population had increased markedly and that
the trout had survived the hard summer conditions (Iable

2.4).

Particularly noteworthy is the large number of trout in 1992,
when the summer was very dry and discharge was very low.
With the former maintenance practice, in which all the weed
in the watercourse and on the banks was cleared, it is unlikely
that the trout would have survived such a summer. However,
with the new practice the shade from the bank vegetation kept
the water cool and the current channel ensured that despite
low discharge, there was sufficient water in the occasional
deeper parts for the trout to survive the dry, warm summer.
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CD ‘T'he shade keeps the water cool and oxygenated

(@ Insccts and other small animals from among the plants arc caught by trout
when they fall into the water

@ The larvae of aquatic insccts craw!l up and metamorphose into adults
@ Aquatic insects lay their eggs here, and the small larvae fall into the water
@) The stream’s adulr insccts scek shelter here

@) Birds from the ficlds nest herc

@ A good habitat for buttertlics and beetles

@ The roots reinforce the banks

@ Birds find food in the aldcr tree

6® Many insccts solely inhabit alder trees

@D The roots of the alder tree are a good hiding place for trout

q@ Dead leaves arce a good food source for the aquatic invertebrates
Figure 2.23 Bank vegetation is of great significance for watercourse qualtty.
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Table 2.4 The trout po-
pulation in Kalvemose A
stream in Holbeek Musii-
cipalivy tcreased when
bank vegetation wwas 1o
fonger cleared. The figu-
res are rout per 100 mi-.
Adapred from (23).

It has now become almost a general rule to Icave bank vegeta-
rion untouched at watercourses where gentle maintenance 1s
practised. This notwithstanding 1t 18 sometimes necessary to
clear bank vegetation, for example that growing on the lower-
most part of the bank it it hinders the free flow of water.
Morcover, clearance of vegetation in the autumn can some-
times be useful for “rencwing” the vegetation so that it does
not end up as high “herbaccous borders™ with stift dry stems
much of the vear. Much can undoubtedly be learned from the
maintenance of roadside verges.

1930 1641 1962
Locarion d5yr L3yr  older 05vyr 1.5vr  older 0.5yr 1.5yr older
Stradebro 0 0 0 38 1 0 32 ¢ t
Sostrup 4 0 ) 7 0 0 33 1 4
Borup 21 3 0 31 1 4 129 4 0
Scverinsmindeve] 16 2 1 22 Q0 M) 142 6 8
Butterup 20 1 2 35 1 ¢ 33 5 0
Mean 12.2 1.2 0.5 26.6 0.4 0.8 73.8 3.2 2.4
Dredging
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Hard-handed dredging can destroy many of the environmen-
ral conditions that arc of great importance to the watcrcourse
fauna. In some cases maintenance 1s so intense that it is really
(unlawful) channelization; the watercourse 15 straightened out
and the bed dug deep (Figure 2.24). Hard-handed mainten-
ance involving smoothing out of the banks and removing the
weed beds and stones can remove the hiding places for trout.
The damage caused by dredging can also be far-reaching,
namely when the gravel beds in which the trout spawn and
where the fry shall live are removed (sce Chapter 3).

The new regulations on gentle maintenance endcavour to
keep dredging to a minimum by only allowing the dredging of
sand, soil and mud that has deposited in the watercourse. As
an example, the supplementary Provisional Orders issued by
Nordjylland County state “In high gquality objective water-
courses, Le, areas of special scientific value or salmonid wa-
ters, necessary dredging should preferably be undertaken in
the month of August or September. Stone and gravel beds
must not be dredged and overhanging banks, stones and roots
in the watcrcourse should as far as possible be preserved”™.



Figure 2.24 An “over-
dredged” warercourse.
Photograph by Fan Niel-
SEH.

Dredging and weed clearance

It can sometimes be necessary to dredge watercourses if depo-
sits of sand and mud have accumulated that the watercourse is
unable to remove itself. The material could have been eroded
from the banks and bed of the watercourse itself (sce page 26),
or could have entered the watercourse {from the surroundings.
It could have been blown in with the wind, washed in with the
rain, or have been flushed in through drainpipes. In the long
term i s necessary o safeguard against more material enter-
ing the watercourse than the current is able to flush away.

In some places gentle weed clearance has alrcady diminished
the need for dredging. An example 1s the uppermost part of
the river Gudend where Vejle County has established artificial
spawning grounds (sce page 109). Sand traps have been estab-
lished upstream of the spawning grounds to catch the migrat-
ing sand that might otherwise bury the spawning grounds. At
the beginning of the project, the sand traps had to be emptied
5 times annually. However, when weed clearance was ceased
in that part of the river Gudena, the frequency at which the
sand traps had to be emptied decrcasced markedly.
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Figure 2.25 The need
to dredge sand from the
watercourses vt Vejen
Municipality decreased
when gentle weed clear-
ance was ntroduced,
Adaptred from (24).
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Stream reaches where sand
removal was reqularly under-
taken prior to 1988

-wmr Sand traps after 1988

e Stream reaches where sand
removal has been regularly
undertaken after 1988

Vejen Municipality has also had good experience with a reduced
need for dredging watercourses where gentle weed clearance
has been undertaken. Figure 2.25 shows that the reaches that
still have to be dredged are only a fraction of those that had to
be dredged before gentle weed clearance was introduced. One
of the reasons is that the banks of the watercourses are now
protected by the bank vegetation, and the current is no longer
able to crode material from them. Another reason is that the
water now contains so little sand and the current is so strong
that any material that does deposit 1s immediately flushed
downstream.



Figure 2.26 Clearing
'ZUL’Ud 1-?'? o OCh?’C()HS ek~
tereonrse can refease
much ochre into the wa-

ter. Adagpied from (25).

It is also important that the cdges of the banks are well vege-
tated with plants whose roots hold the banks together. Dense
vegetation can protect the banks of the watercourse against the
frost, the latter being an important reason why the banks col-
lapse causing soil and sand to enter the watercourse. The new
regulations introduced in 1992 requiring a 2 m widc unculti-
vated border alongside ail natural watercourses might have a
considerable positive impact. However, there 1s not much new
about treating the edge of the banks well in order to prevent
sand and soil from entering the watercourse. Many of the for-
mer Provisional Orders stipulated that the edge of the banks
should be respected. Thus the 1886 Provisional Order for the
river Karup A states that it is not allowed to plough closer than
6 feet from the river and that the adjoining landowners had to
cnsure that there was sufficient vegetation to hold the banks
together to prevent soil and sand from collapsing into the river.

Maintenance of ochreous watercourses

Many watercourses, cspecially in the counties of western Jut-
land, ar¢ affected by ochre. This is derived from iron dissolved
in the water (especially drainage water) that flows into the wa-
tercourses. In the watercourse the ochre is converted to fine
particles when 1t becomes oxidized and comes into contact
with the weed. The ron precipitates out as ochre which cov-
crs the bed and the plants,

Total iron
mg/|

30

25

201

15

10
Weed clearance

0 L

T T T T

1984 1985 1986 1987 1988

1989

One has to be especially careful when maintaining ochreous
watercourses as the ochre collected on the weed resuspends
and flushes down through the watercourse (Figure 2.26).
This is particularly dangerous if there is a fish farm down-
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stream, but the fish that naturally inhabit the watcrcourse can
also be harmed.

Warercourses that contain much ochre do not provide habi-
tats for trout, and the invertebrate pepulation is mpov-
erished. This is partly because the dissolved iron is toxic, and
partly because few antmals can live where ochre has precipi-
tared out.

Since only few macroinvertebrates can inhabit places where
there 1s iron in the water or where ochre has precipitated out,
it 18 not possible to evaluate the cnvironmental state of such
watercourses by the usual methods (sce page 33). Ochreous
warcrcourses are rtherefore classified as “non evaluable™.

There are many ochreous watercourses mn Grinsted Munici-
pality. Changes have taken place since gentle maintenance of
the watercourses was introduced, however. Thus while 52%
of the watcrcourses were classified as “non evaluable” in
1986, the corresponding figure in 1990 was only 41% (26).
This means that invertcbrates can now inhabit some of the
former ochrcous watercourses. Morcover, many of the inverte-
bratcs present are the so-called clean water invertebrates. The
type of weed present in the watercourses has also changed.
For example, watcr crowfoot now grows in the majority of the
former ochreous watercoursces.

One of the reasons for this improvement 18 that the water-
courses now have a current channel with weed borders along
the sides. The ochre precipitates out quickly. Some of it depo-
sits among the weeds but whatever comes out into the water-
course is flushed away by the strong current in the current
channel. Deposition on the bed and in the vegetation that
grows freely in the current s so insignificant that invertebrates
arc now able to live there.

Another reason why there are fewer problems with ochre
mught be the higher water level in the meadows from which
the ochre dertves. Many of the ochre problems arc artribu-
table to the drainage of wet meadows with iron-containing (or
more correctly pyrite-containing) seil layers. Pyrite 1s a com-
pound of iron and sufphur. Draining such soil sinks the water
level with the result that oxygen penetrates down to the pyrite-
conraining layers. When the pyrite is oxidized, the iron leaches
out (Figure 2.27).
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Figure 2.27 Ochre
can be formed when the
water level ts lotvered in
meadows with pyrire-
containing sorl. Leach-
g of ochre carn be
hindered by raising the
water level, Adapred
from (25).

Ferro tron and sulphuric acid

ater level in the meadow increases again, oxygen

When the
does not penetrate down to the pyrite; as a result, less iron
leaches out

"T'he level of the groundwater near a watercourse can be raised
by reducing the discharge capacity of the watercourse and
hence raising the water level in the watercourse. One way of
doing so could be to cease or limit weed clearance, a method
that is particularly applicable in cases where the meadows ad-
joining the watercourse are no longer cultivated.

This might perhaps be one of the reasons why ochre pollution
is on the decline in some parts (27).
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Box 2.3 There 1s noth-
(g new tn gentle main-
tenance. Here s an ex-
cerpt from an article i a
1907 freshevarer fishery

magasine. The charm of

the old-fashiioned Danish
is fost 1n the ransfation,
hoteever
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Rational management
of watercourses
when farming brown trout

n places where weed clearance and dredging is under-

taken, especially when undertaken several times a vear,
it is, as already mentioned, obvious that proper farming is
out of the question. However, it is worth considering
whether one could not try to do something to improve the
situation in such places. Weed clearance has to be under-
taken so that the aquatic plants do not grow so much as to
hinder the free flow of the water. Weed clearance and
dredging arc therefore necessary for agricultural reasons,
and cannot be avoided in such watercourses.

However, the question is whether thie same result could
not be ohtained without undertaking completely radical
weed clearance. This can naturally only be determined by
experimentation.

Based on my observations, | have come to the opinion
that here and there a certain amount of weed could be
tolerated without detrimentally affecting the water flow. It
would be best if the fish farmer himself undertook weed
clearance and dredging: he would then leave as much weed
in place as was possible and permissible. When persons
without an interest in fishery undertake maintenance, they
naturally do so by clearing out the brook completely.
Maintenance requires fabour, of course, i.c. it costs money,
and hence reduces the net profic from the brook. This is
not as bad as it appears. though.

The regulations require that the owners, neighbours or
certain specified persons undertake maintenance. They na-
turaliy do not do so willingly but regard the task as a
hurden, and would no doubt willingly pay the fish farmer
to take over maintenance. Much could probably be
achieved by that means.



The path to better watercourse quality

The experience that Nordjylland County gained from the stu-
dics in Voer A stream and its tributaries (see Chapter 1) has
been confirmed by many other weed clearance studies through-
out the country, and is also confirmed by the practice that now
pertains in a very great part of our watercourses: Gentle weed
clearance gives a better watercourse quality while at the same
time ensuring cffective water tlow.

The current channel is that part of the watercourse where wa-
ter {low is greatest. This is where the watercourse 1s deepest
and where resistance to water flow is usually least. Natural
watercourses have a current channel that can be developed by
appropriate weed clearance.

Figure 2.28 Machines also have a place in gentle niannenace,
bur they have to be used with special carc.
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Expcrience shows that even a quite narrow current channel
can lead away sufficient water, Onc of the reasons is that the
current in the current channel can be so strong that it changes
the resistance of the weed. For example, it can press bur reed
down against the bed such that resistance falls and more water
can flow awayv. Anothcer reason for the good flow can be that
weed species such as water crowfoot growing in the deep cur-
rent channel have most of their foliage up near the surface of
the water, and are only anchored by long stems that offer little
resistance. The water can flow freely down below the foliage.

In many places the current channel method of weed clearance
necessitates more frequent weed clearance in order to prevent
the current channel from closing up.

The resultant improvement in watercourse quality is reflected
by among other things, better populations of fish. The current
channcl and weed borders provide them with better habitats,
The weed borders also protect the banks against crosion by
the current, thercby reducing sand migration. Examples of
this arc presented in this chapter, as well as in Chapter 6.

One of the most noticeable effects of the current channel
method of weed clearance is that the watercourse changes its
appearance. In the course of only a few vears, and often less
than three, wide shallow watcercourses can be transformed to
narrow deep channels. In the present chapter there are exam-
ples of this having led 10 watcrcourses being restored to the
dimensions they had before the introduction of hard-handed
maintenance,

To obtain a narrow watercourse with a current channel is not
always a goal in itself. If the current channel is so narrow that
frequent weed ¢learance 18 necessary to ensurc free water
flow, the watercourse can end up being just as poor a habitat
for tish and invericbrates as when it was a wide, hard-handed-
ly managed watcrcourse. It is important that the watercourse
that results from gentle maintenance 18 so wide that there 1s
room for weed borders that the fish and invertebrates can
shelter in.

A characteristic of the new maintenance practice 1s flexibility.
The former maintenance practice was characterized by rigid
guidelines. Nowadays the river keeper must to a greater extent
evaluate the conditions in and around the watercourses. The
river keeper has to plan the maintenance so as to take account
of the differences that there are between the individual water-
course reaches, differences in precipitation, differences in the



usce of the watercourses and differences in cultivation of the
surrounding fields,

Gentle maintenance 1s rapidly taking over and the watercour-
ses arg once again on the path to becoming good habitats for
invertebrates and fish.

The nexe chapter deals with the requirements that have to be
met for trout o thrive m the wartcrcourses.
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3. The trout - the quintessential
watercourse fish

Trout and other salmonids are an integral part of
watercourses. Running waters of good quality pro-
vide the good supply of oxygen they necd. Brown
trout spend their entire hife in watercourses whereas
sea trout and salmon spend a large part of therr life
in the sca. Eventually though, seagoing salmonids
return to watercourses to spawn, and it is here that
the next gencration will spend the first year or two
of their existence.

A large population of rrout is a good indicator of
whether watercourse quality 1s good. Many condi-
tions need to be in order for trout to have satisfactory
living conditions. Because trout are so dependent on
good environmental conditions, they are used in the
description of watercourse quality objectives.

In many watercoursces the number of trout is lower
than could be anticipated. Thus stocking is often
undertaken with hatchery reared trout. One reason
a population of trout may be poor 15 a lack of sui-
table spawning grounds where the trout can lay
their eggs and where the fry can live the first
months after hatching. Thus not all watercourses
contain a natural trout population. However, it is
generally a relatively simple matter to recreate vi-
able spawning grounds.

New spawning grounds are madc from a mixture of
gravel and pebbles of a size and shape that ensures
the presence of pores through which the water can
percolate. This is necessary as eggs are dependent
on a continuous flow of fresh water to satisty their
oxygen demands and remove waste products.

This chapter explains how one can help re-establish
natural trout populations 1n watercourses.



Table 3.1 Classifica-
tion scale for waterconr-
ses based on thelr qualiy
Jor ot Adapred from

.

How many trout in a watercourse?

For trout to live in a watercourse, the water necds to be ¢lean
and rich in oxvgen. But this is not the only parameter that de-
termines the number of trout in a watercourse. The cleaner
the water, and the better the physical conditons with regards
o weed beds, stones, undercut embankments and other hi-
ding places, the greater the number of trout that can inhabit
the watercourse.

(: Not suitable for trout "

I: Trout can survive but conditions are poor

3. Average conditions, with some hiding places and good watcr
quality

4
5: The best conditens for trout, with good hiding places and
good warer quality

T’he number of trout in a watcrcourse depends on the num-
ber of hiding places and amount of food available. Danish tish
biologists have been estimating the carrying capacity (1.e. how
many trout a stretch of watercourse can carry) for more than
50 vears. This 1s done using a “classification scale™ from 0 to
5. The fish biologists call the cvaluation the watcercourse’s
“guality” (Table 3.1). The term quality can be compared to
an agriculrural ficld’s fertility, but in the case of a water-
course, quality 18 primarily determined by the number of suit-
able hiding places such as weed beds, undercut crmbankments
and stones.

The struggle for hiding places

Trout lay their cggs in gravel beds during the late autumn and
early winter months. In the spring, the small trout (fry)
emerge from the gravel and mingle with all the other newly
cmerged trout fry on the bed of the watercourse., So begins
their fight for survival. The fry struggle against cach other in
an attempt to secure a “private arca’ or territory. They can-
not stand the sight of each other, and thosc fry unable to find
a territory obscured from the view of other fry will be chased
away, and will quickly die of hunger and stress.



Figuve 3.1 The wout
fry are aggressive.

Hdapwdfmm (2).

Table 3.2 Survival of
1,600 trout frv emerging
front the spawning nests.
The majority die. The
figuves marked with an
asterisk include rout
that roam oul (o sed.

Adapred Jrom (3).

96

The more hiding places there arc in a watercourse the greater
the number of trout it can carry (Figure 1.5). The way in
which a watercourse 1s mainrained therefore helps determine
its carrving capacity for trout. Nevertheless, cven if living
conditions for the newly ¢merged {ry are optimal, the major-
ity will not survive their first year {Table 3.2}, Of a total of
F,000 emerged fry, only 1295 werce still alive after their first
year.

The mortality rate for trout is also high in subscquent vears.
In addition, many 2 and 3 vear olds leave the watercourse to
migrate out to sea,
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Stocking of trout

Many wartercourses have not yet attained the natural popula-
tion of trout they once had when they were clean and in their
natural state. The cxplanation often lies in the lack of suitable
spawning grounds or that passage to spawning grounds is
blocked by weirs and similar obstructions (Chapter 4). In or-
der to attain a good trout population i such watercourscs,
one has to stock them with trout originating from hatcheries,
cte. The trout are released according to specific stocking
schemes drawn up by the Inland Fisheries Iaboratory un-
der the Mimistry of Agriculture and Fisheries.



Figure 3.2 Fish are
stocked in stzes accor-
ding to the depth of the
watercourse. Adapred

from (4).

Large numbers of trout are stocked in the Danish watercour-
ses, In Ribe County alone, more than half a million trout have
been released annually since the beginning of the 90%. Al-
though the majority ot trout stocked are fry, larger trout are
also released. Plans for stocking schemes arce based on the carry-
ing capacity of the releasc sites with respect to the various sizcs
of trout. Examples from the Ribe County stocking scheme are
shown in figurce 3.2. Fry and small trout (vcarlings) arc releasced
in the small watercourses while larger trout are releasced in the
larger watercourses. Evaluation of the trout carrying capacity
of individual rcaches of a watercourse is based on its quality
(Table 3.1).

Streams in which depth
ranges from
0-10cm

Sireams in which depth
ranges from
10-15cm

) 1/2 year old fish
! 25-50 per 100 m*

Hilea

Streams in which depth - (iAH’ 1 year old fish
ranges from “;’v-“—"&k- I - ¥ )
1540 cm - 10-20 per 100 m

Streams in which dopth la'

o 2 year old fish
graater thar 46 cm

5-10 per 100 m*

When trout spawn

Trout and other salmonids spawn (i.c. lay their eggs) in late
autumn and carly winter. During this period water levels are
high and the water is cold and oxygen-rich. The eggs are laid
in gravel beds that are usually Jocared in riffles. The gravel
beds in which eggs arc laid arc called spawning grounds.

The female trout sclects a suitable spawning ground site and
then begins to dig a hole by a vigorous flapping of her tail.
Gravel, pebbles, sand and mud ar¢ thrown up into the cur-
rent, where the fine partcles are carried away while the gravel
and pcbbles accumulate in a pile immediately downstream of
the hole. The resultant hole, or egg pocket, 1s referred to as
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the “nest”. Onc or more males wait close by while the female is
digging (Figure 3.3). When the nest has reached a suitable depth,
the female sinks into the depression. She then lays her ¢ggs and
at the same moment, a male joins her and extrudes a portion of
sperm over them. The current swirls the sperm around, thereby
cnsuring that the majority of eggs become fertilized.

Immediately thercafter, the female beats her tail feverishly
from a position dircctly upstream of the nest. Gravel and pebb-
les are then slung into the nest and cover the eggs while sand
and mud arc carried away. The cges thereby become buried
under clean gravel, usually in a layer 15 to 20 cm thick.
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Figure 3.3 The female  This spawning process is repeated several times, the female

trout digs a hole in the digging a new nest each time. Each nest is dug immediately
spazoning ground while upstream of the previous one such that a large part of the
the males wair. Adapred  spawning ground is utilized. As a rulce it is easy to sce if
from (3). spawning grounds have been used as they are a shade lighter

in comparison to their surroundings. This is because pebbles
dug up by the female trout are light in colour while the stoncs
that have been lying on the surface of the bed for some
months are discoloured by algae growths (Figure 3.4). The
spawning nest becomes so full of gravel and pebbles that it of-
ten protrudes above the level of the bed. Upstream of the
nests there 1s usually a depression or “cuthole™, this being the
hole created when the last portion of cggs was covered,
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Figure 3.4 Spawning
grounds in use have a
lighter shade than the
survounding bed. Adapr-
ed from (6).

The cggs lie well protected in the ¢gg chamber, decp inside the
spawning ground. They hatch during the course of winter and
carly spring, the interval between spawning and emergence of
the fry being dependent on the water temperature. Trout eggs
need to undergo 459 “degree-days™ before the young trout (ale-
vins) can harch. For ¢xample, if the average remperature is 5 "C,
then at least 3 months will have to pass before the eggs can hatch
(459 degree-days divided by 5 degrees being 92 days). Newly
hatched alevins bhave a reserve of nourishment contained in a
volk sac sulficient for approx. 20 days. It is not until this nourish-
ment 15 depleted that the small trout (now called fry) will begin
to emerge {rom the gravel. In all, the young trout spend approxi-
martcely thetr first 4 months buried in the gravel bed.

Spawning grounds

The bed material is sorted by the current twice - once when
the female trout digs the hole in the spawning ground, and
again when she covers the eggs. As the fine particles are was-
hed away, nests have fewer fine particles than the bed on
which the nests lie. Eggs need to be covered with clean gravel
to allow for water to freely percolate through to the egg cham-
ber during the 4 months the cggs and the newly hatched ale-
vins remain in the nest. The water carrics oxygen down to the
cges and removes waste products.

It is the excavation work carried out by the fernale trout that
18 responsible for creating pores within the coarse bed mate-
rial. However, it is not only fresh oxygen that the water carries
to the cggs, but also sand and fine particles, This can cause
pores to become blocked, the result being that the cggs dic
due to lack of oxygen. It is therefore imporrant that the water
flowing through spawning grounds doe¢s not contain too
much sand and other finc particles that can block pores or
completely cover the nests.

6%



Figure 3.5 The water
should percolate freely
through the nest.

Figure 3.6 The small

trout hide behind stones.
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The morphology of the spawning grounds rclative to the direc-
tion of the current is an important dererminant of how well
water can percolate to the cggs. When the nest slopes up fa-
cing the current, water is pressed into and through the gravel;
in contrast, when it slopes down, a vacuum is created sucking
water out {Figure 3.5). The somewhat domed shape that
nests attain when the female covers her cggs theretore helps to
ensure cffective water flow into and out of the egg chamber.
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When the fry emerge from the surface of the nests in the
spring, so begins the fight for survival. They need to find a
hiding place “territory”, and so seek refuge behind small sto-
nes, branches and weeds (Figurc 3.6). Fry that are unsuccess-
ful in quickly establishing a territory soon die, indicating the
importancc of the availability of good hiding places in and
ncar the spawning ground.

The fry generally inhabit the riffles, the pools usually being
the preserve of larger trout. If fry venture down into a pool,
they will be caten by their larger relatives. On the other hand,
if a watercourse is devoid of larger trout, then fry will also in-
habit the pools (7), as illustrated in Figure 3.7.



Figure 3.7 Larpe rrout
keep the small trout
away from the pools.

New spawning grounds

The number of spawning grounds in our watercourses has di-
minished considerably. They have been dug up during chan-
nclization and rcgulation and many have been destroyved by
hard-handed maintenance practices. In Kastbjerg A stream
north of Randers Fjord, only 122 spawning grounds were
found to be in use along the 17 km long main course during
the 1990/91 spawning scason. Ninety percent of this stretch is
rcgulated and in thesc reaches therc were on average only 5.2
spawning grounds per kilometre. In unregulated rcaches, in
contrast, therc were 22.2 spawning grounds per kilometre (6).

Ninety-two percent of all the spawning grounds were concen-
trated along 8 core rcaches totalling 1.5 km, 1.e. only 8% of
the Kastbjerg A stream.

New spawning grounds can be created by laying out gravel and
stone banks 1 a watercourse. It is important to choose a location
with the correct environmental conditions, however. The current
has to be strong cnough to ensure that sufficient water reaches
the buried eggs through the pores, and must not carry so much
sand and fine matenal that pores become blocked. Moreover, the
spawning grounds must lie correctly in the watercourse, and have
the correct gradient and correct length. The water must be clean,
i.e. must fulfil at least the demands of pollution class 11, and must
not contain much dissolved iron. Iron in this form is poisonous,
and can precipitate and block the gravel pores. The concentration
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Figure 3.8 New
spazning grounds
Tarm Moellebeek stream.
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of dissolved iron (ferrous iron) should be under 0.5 mg per litre
and preferably not over 0.2 mg per litre.

The material in the spawning grounds should have a size capable
of resisting erosion during periods of high discharge in winter. Tt is
also important that the spawning bed contains material of differ-
ent sizes so thar the individual particles can support cach other.
This renders the spawning grounds more stable and creates larger
pores between the bed particles, thereby facilitating passage of the
water. The material for new spawning grounds should be laid out
during the summer or early autumn so as to allow the current to
rearrange and sctile the bed betore trout begin digging their nests.

Conditions in natural spawning grounds

A good indication of how spawning grounds should be estab-
lished in a parucular watercourse can be obtained by studying
natural spawning grounds in similar watercourscs, as has been
done at several locations in Denmark. The Danish Land Develop-
ment Service has undertaken such studies in 6 Danish water-
courses (8). It was found that the water depth over spawning
grounds was typically 10-20 c¢m, and scldom over 30 cm. The
average current speed was 50-70 cmy/sec, but varied from 30-
110 cm/sec, the currents over the grounds typically being swir-
ling and wavy. The water surface gradient over the Iength of the
spawning grounds was between 2%o and 17%o. The gravel layer
that the trout used for spawning was typically about 25 ¢cm
thick, bur varicd from 10-50 cm. Seventy percent of the gravel
has a grain size of berween 2 and 63 mim in diameter, the aver-
age being 16 mm. Most of the gravel is between 10 to 20 mm
in diameter. The majority of the particles arc irregular, this be-
ing an important charactcristic since irr¢gular particles form
more and larger pores than do rounded particles (Table 3.3).




Table 3.3 Grain sizes
of the bed material in
spazoning grounds.

Table 3.4 Gramn sizes
tn the upper bed mate-
rial of spazvning grounds
(SG) and v the under-
tving river bed (RB).
Adapred from (9).

Watercourse No,of Diameter % under % over
samples (average) 2 mm 63 mm
Hagenstrup
Molicbek 6 17.3 20.5 7.8
Skibelund Balk 3 18.3 18.0 4.7
Bur Mellebak g 13.7 25.6 3.4
Jordbro A 3 16.0 27.7 10.0
Tungelund Baek 3 217 15.8 20.0
Rabis Back 3 11.3 31.0 2.0

The Danish Environmental Protection Agency Freshwater La-
boratory in collaboration with Senderjylland County and Arhus
University have also investigated the physical conditions along
natural spawning grounds in a number of watcrcourses (9).
The results of these studies resemble those found by the Da-
nish Il.and Development Service: The thickness of the
spawning grounds was between 12 and 36 cm, with the average
being 22 em. The bed material grain sizes are shown in Table
3.4. The studies showed that the distance between individual
spawning grounds werc oftcn approx. 5-7 times the width of
the watercourse, or roughly the distance between natural riffles.

Rxf’atcrcourse | Upper 10 cm Thickness
[ Diameter (mm) % by wt, of grains -
(average) . under 4 mm {cm)

| SG  RB ‘ SG RB | SG RSB
Mattrup A >32 <t 2 69 28 0
Bicraskov Bk | 153 1L.0 r 2 32 19 23
Tizrbxk i 155 7.4 19 41 36 13
Granslev A - <4 } - 72 - 0
Scthak - 6.4 - 45 - 6
Bording A 155 <4 18 8 | 20 0
Trap Back 100 <4 J 35 59 16 5
Rabis Bak 86 118 %33 22 12 12
LA\-*crage ’ >16.2 <h 22 53 22 7

The distance between adjacent natural spawning grounds s a
good rule to follow when ecstablishing new spawming grounds.
The closer once comes to conditions 1n a natural watercourse,
the better one is able to utilize the natural forces at work in
the watercourse to stabilize the material and render it suitable
for spawning,.
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Procedures for establishing spawning grounds

The establishment of new spawning grounds is enc of the restora-
tion measures described 1n Part 8 of the new Watercourse Act. Ex-
periments were soon initiated aimed at determining how to estab-
lish well-functioning spawning grounds. The first studies were un-
dertaken at weirs because the gradient provides good possibilities
for experimenting with different torms of spawning ground (10).
Onc could preserve the weir and vet still create spawning grounds
by replacing the concrete steps with a weir of stones and laying out
a suitable mixture of coarse gravel before and after the weir. The
mixture consisted of 3/8 pea gravel (F em), 172 nut gravel (2 cm),
1/8 shingle (3-12 cm), and the occasional fist-sized pebble. How-
ever, onc can also replace the weir with a long riffle of coarsc gravel
held in place by stone supports.

The Danish Land Development Service established a number of
spawning grounds in the strongly regulated Tarm Moellebak stream
(11). These were laid out at the weirs, which were V-shaped. The
weirs were modified such that water is now able to flow freely over
the entire cross-section. The fine bed material was replaced with a
layer of packing gravel topped with a layer of spawning gravel. The
two types of gravel were separated by a layer of “fibertex™ material
to prevent the finer packing gravel from mixing with the spawning
gravel. To ensure sufficient current a two-step profile was formed
with a 2.5 m current channel mid stream. In addition, the banks
were stabilized with stones to withstand and contain high winter
discharge. A band of fist-sized pcbbles was laid perpendicular to
the current channel every 7 or 14 m to restrain the spawning gravel
and increase warer flow through the gravel.

Senderjylland County establish spawning grounds in a slightly dif-
ferent manner. Since it is difficult to determine beforehand how to
establish a spawning ground in such a way that it functions, they
lay out spawning grounds in many parts of the watercourse where
the current is so strong and sand migration so minor that there 1S a
good probabihity that trout will spawn in some of them, and that fry
will cmerge. Some of these spawning grounds function one year
while others function another vear. The net result is a watercourse
with an appropriate number of functional spawning grounds (12).

Several types of spawning grounds

The spawming ground studies undertaken by the Danish Environ-
mental Protection Agency Freshwater Laboratory in collabora-
ton with Senderjylland County and Arhus University during the
mid 80’s were followed up by a scries of experiments involving the



Mats lying on the bed

Buried mats

Sloping mats

Grounds on
alternaring sides

Grounds both at
the sides and in mid
stream

Figure 3.9 Experiments
with different forms of
spawning grounds. Adap-
ted from (9).
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establishment of different forms of spawning grounds. Thesc artifi-
cial spawning grounds were made 20 cm thick to duplicate condi-
tions found at natural grounds. The grain sizes of the material used
(Table 3.4) were also based on sizes found in natural grounds.
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The new spawning grounds were laid out 1n late summer, when
fields are usually sufficiently dry to support vehicles carrving stones
and gravel. This alse allowed the forces at work during autumn pe-
riods of high discharge to shape and scttle the material before the
trout began to use the grounds for spawning. The investigations
undertaken by the Danish Land Development Service revealed the
advantage of laving out the spawning grounds in sufficient time to
allow the current to reorder the gravel so that it can withstand the
impact of high winter discharge.

Iiive different types of spawning grounds were ¢stablished (Figure
3.9). Some were mats laid across the entire width of the bed slop-
ing along the axis of flow. Some were laid directly on top of the wa-
tercourse bed, where they rose up creating riftles, while others were
sunk into the watercourse bed with their upper surface flush with
the bottom. This can be a good solution in places where too high
water levels can be a problem. Grounds were also laid out that
sloped alternatcly from one side and then the other. In addition,
small grounds were laid out that did not cover the entire width of
the watcercourse, either alternately on one side of the bank then the
other, or along mid stream.

The current velocity over the spawning grounds can be increased
by reducing the width of the watercourse where they lie. In such
cases it 15 often necessary to stabilize the banks with stones or fasci-
nes so that the current cannot erode material free. 1t is also impor-
tant to provide suitable hiding places for the coming {ry, as well as
for the trout that will spawn there.

The best spawning grounds

The mvestigations showed that the gradient along the reach in
which the new spawning grounds are to be laid out nceds to be suf-
ficiently great that the grounds can be given the necessary varving
slope without too much water accumulating in front of them. The
gradient necessary depends on the size of the watercourse. Small
watercourses should have a gradient greater than 4%.e while that in
targe watcrcourses should not be less than 1.5%e. The spawning
grounds should be placed where the gradient along the bed of the
watercourse 18 greatest. ‘The flatter the reach is, the greater the di-
stance between neighbouring spawning grounds has to be since an
upstream ground could otherwise be affected by water accumu-
lating in front of a ground further downstrcam. The size of the
spawming gravel used was chosen according to that of spawning
gravel found in natural grounds (Table 3.3 and Table 3.4).



Figuve 3.10 If neigh-
bouring spatening grounds
are too clove 1o each other,
they may have a damning
effect. The oprimal dis-
tance can ve catculated
using the formula at the
bottom of the illusirarion.
8 = the reach slope.

F and a = the waier sur-
face gradient. Adapted
Srom (9).

The best kind of spawning grounds are flat mats covering the entire
width of the bed. If the mats do not cover the entire width, the cur-
rent will often become concentrated in channels flowing around the
grounds. Those that covered the whole width of the watercourse did
not become covered with sand during the course of the experiments
and were not washed away, and it was in them thar fry were found.

The length of the spawning grounds is important if the sedimenta-
fion of sand is to be aveided. The larger the watercourse, the lon-
ger the spawning grounds can be; however, 1f the grounds are too
long, sand can settle on rhe surface of their downstream parts. In
larger watercourses they can be 10-15 m long, while in smaller wa-
tercourses they should not be longer than 4-5 m unless the gradi-
ent is considerable.

The distance between neighbouring spawning grounds also helps
determine whether or not sand will scttle on the grounds. If they
are laid oo close to cach other, the damming cffect of a down-
stream ground will limit the current over the ground upstream
such that the sand is not washed on downstream (Ifigurc 3.10).
The distance between spawning grounds in larger watercourses
should therefore be at least 4 times the length of the mats. In smal-
ler watcrcourses with a sufficient slope, the distance needs only be
1-2 times the length of the grounds.

2

The surface of the spawning grounds must slope 1n the direc-
tion of the current and the gradient of the water surface should
be so great that the current has sufficient energy te flush away
the sand. In order to minimize damming of water the grounds
should causc a water surface gradient of 10-12%e in a small wa-
tercourse and 6-10%o in a large watcrcourse.
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Figuve 3.11 Tiwe coar-
ser the material compris-
tng the spawwning gravel,
the better the survival
rate of eggs ar increasing
depth. When fine mate-
rial exceeds 14%, no
eges survtve.
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Sand can ruin spawning grounds

It is not enough to keep the surface of the spawning grounds free of
sand. [t is also important to ensure that the pores 10 the grounds
do not become blocked with sand and other fing particles. Studies
undertaken in a number of watercourses in west Zealand including
Bjcrge A stream have revealed how little sand is needed before
spawning grounds become rumed (13),
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Percentnge by waight of fine material (<2 mmy) in the spawning gravel

In the studies, baskets containing suitable spawning gravel and fer-
tilized trout cggs were buried in the gravel bed of some of the wa-
tercourses. The baskets were cquipped with a rolled-down plastic
curtain which could be pulled up over the basket by means of a
string. The baskets with gravel and eggs remained in the spawning
grounds until the fry were expected to emerge. The baskets could
be retrieved to examine whether the eggs were still alive and devel-
oping; before retrieval the baskets were closed within the plastic
curtain s0 as to ensure any fine particles were not washed away.
Thereafter, the number of dead cggs was determined and the
amount of sand and other fine particulate matter that had sifted
mnto the gravel was measured.

Lt was found that when the amount of sand and other fine material
(under 2 mm in diamcter) in the spawning gravel was under 7%,
live eggs were present. This indicates that sufficient water flowed
through the pores te supply the eggs with ¢nough oxygen. When
the amount of fine matcrial exceeded 14% all the cggs died, even if
the surface of the gravel appeared to be clean (Figure 3.11).

The amount of sand that scrtded in the baskets was independent of
whether the current over the spawning grounds was strong or weak.
A strong current 18 apparently not always sufficient to keep the
pores free of sand. The fine material content of the spawning gravel
was found to depend solely on how much sand was transported
over the spawning grounds.



Figure 3.12 New
spazening ground with
rurbulent water tn the ri-
ver Gudend.

It is therefore important to keep migrating sand to a minimum if
spawning grounds arc to be kept functional. This can be achieved
cither by undertaking gentle weed clearance (see p 86), or by con-
structing a sand trap upstream of the spawning grounds.

New spawning grounds in the river Gudena

In the early 80 the trout and grayling populations of the upper
part of the river Gudena were much smaller than could be expec-
ted considering the character of the watercourse. Vele County con-
sidered this to be caused by a lack of spawning grounds.

It was therefore decided to establish new spawning grounds. In
1986 five new spawning grounds were laid out in the upper reaches
of the river Gudena berween Terring and Hammer Molle. The
gravel combination used matched that found in other spawning
grounds in the Gudend (14).

The new spawning grounds were 20 m long and 40 cm thick. Half
of them were sunk into the river bed such that they protruded 20
cm over the surrounding bed. The gradient over the spawning
grounds generated a current velacity of at least 40 cmi/sec. Parts of
the river wider than 3 m were narrowed with fascines and fibertex
was laid under the gravel in parts where the original bed was com-
prised of loose pear.

Upstream of the spawning grounds two sand traps were construc-
ted to catch sand migrating from the upper reaches. They were
emptied 5 times in 1987, 3 times in 1988 and only once annually
thereafter. This decrease in migrating sand coincided with cessa-
ton of weed clearance in that section of the river Gudena.

109



Figure 3.13 A strong
popularion of gravimg
has now re-established
i the upper section of
the rrver Crudena.
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When the weed is allowed to stand in a watercourse, the erosion
capacity of the water apparently diminishes.

Live eggs of both trout and grayling were found to be present in the
spawning grounds, as was soon reflected in the river. Thus there
was already a large population of trout fry in the vicinity of the
spawning grounds in 1988.

The grayling, a salmonid that spawns during the spring, also uses the
new spawning grounds, As a result there 1s now a large population of
grayling in the upper reaches of the Gudend, not just in and around
the spawning grounds, but also downstream (Figure 3.13) (15).
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Restoration of spawning grounds in the river Kongea

Many spawning grounds are so tightly cemcented together by ochre
and sand that trout are unable to dig spawning ncsts in them, an
example being those in the many large riffles found in the river
Konged. They have a hard surface and are overgrown with leaves
of bur reed which trap the sand so that it covers the riffles.



Figure 3.14 The re-
establisivment of riffles in
the river Konged m
1991-1992 changed uts
bed profile wmarked!v
sieh that spawening
grounds suttable for
troui are 1w present

(Adapred from 16).

In the winter of 1991-1992, Ribe County in collaboration
with the Vejen District Anglers Association turned over three
large but ruined niffles with a dredging machine, the shovel of
which was perforated to allow the finer particles to fall back
into the watercourse. Digging was commenced upstream of
the riftles so that the fine marterial was flushed downstream.
The bed was dug through deep enough to ensure the removal
of weed roots. The structure of the new bottom was loose and
undulated in comparison to the hard and tlat bottom of the

old bed. In the summer of 1992 the bottom was found still to
be loose, and the current over the riffles was stronger than be-

fore because many parts of the bed were elevated and vegeta-

tion was lacking. The stronger current and absence of vegeta-
tion prevented the riffles from becoming covered with sand.
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Figure 3.15 A self-ve-
producing trout popula-
H‘Oﬂ }'ZCIS oW beCUH’EL’ Fe-
established in one of the
tributarics of the river
Kongea. Adapred from
(17).
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The 1mpact of the restoration work on trout spawning has not
vet been studied, but it is ¢lear that the restored riffles have
become better and more varied habitats for trout and carrying
capacity has conscquently increased. In one comparative
study of three restored riffles and three ruined riffles, twice as
many fish were found in the restored riffles.
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The new spawning grounds work

The beneficial impact of the new spawning grounds is now
starting to make itself apparent. In an increasing number of
locations, sclf-reproducing trout populations have become
established. For example, smalil trout are found in a tributary
of the river Konged that originate from the new spawning
grounds (Figure 3.15), albeit that the parental fish are derived
from stocking operations. New spawning grounds are an im-
portant means to improve conditions for the trout that inhabit
a watcrcourse.

However, it is not enough just to provide good spawning
grounds, good hiding places and clean water - the trout have
also to be able to reach the spawning grounds. Access to many of
the good spawning grounds is still prevented by weirs, dams, ctc.

The next chapter provides examples of how such problems
may be overcome.

Figure 3.16 Spawning
grounds were also estab-
lished and mamiained in
the old days.
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4. Free passage for fish

Many stream fish are “migratory”. This means
that they do not spend their entire life in the same
section of the watercourse. Some fish actually live
a large part of their life in a completely different
place. Salmon and sca trout live much of their life
in the sea, lake trout in lakes, and eels are born in
a distant marine area. They spend only part of
their life in the watercourse. All these fish have to
be able to move freely, i.e. migrate, up and down
the watercourse.

However, the way is often barred, especially the
way up against the current. This could be due to
part of the watercoursc being culverted, for exam-
ple short sections under roads or longer sections
where a watercourse is culverted so as not to hin-
der work in the felds.

The many weirs constructed in regulated water-
courses can bar the way for most types of fish.
Even if the weirs are not very high, the fish are of-
ten unable to spring over them because the con-
crete spillway onto which the water falls limits the
water depth and thereby hinders the fish in gain-
ing sufficient spring for the jump.

Real dams, such as those at millponds, are impos-
stble for fish to pass. For this reason it has for
many years been customary to build fish ladders.
Nowadays, passageways are constructed that bet-
ter blend in with the natural surroundings.

Efforts to deal with such obstructions have already
shown good results in Danish watercourses.
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Figuve 4.1 Here s a
picture of a sensibly con-
structed culvert... and a
badlv constructed one!

Figure 4.2 Many wa-
LErCourses are tnierrip-
ted by culverted sections.
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Culverted watercourses

One of the most common obstructions in small watercourses
arc culverted sections under roads. If there is sufficient water and
the current is not 100 strong, trout can usually swim through
them. Howgver, in many instances thev arc unable to cnter the
cubvert because the outet 1s positioned so far above the water-
course that the water exits the culvert as a nuniature waterfall.
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A brook can thercfore have a good population of trout up to a
culverted section, burt few if any trout above that poeint. They
are stopped by the culvert. In Kraftdal Back brook, ncar Fre-
dericia, 25 trout were found below a culvert but only 1 above
it (1}. As a rule it i$ a simple matter to ensure that fish and in-
vertebrates can enter such a culvert; the pipe just has to be
laid so deep as to eliminate a fall at the outlet, or the fall can
be neutralized by constructing a riffic of stones (Figure 4.3).
It 15 common to use fist-sized pebbles from fields. However,
such stone riffles may dry out during dry summers because
the water trickles down between the stones.




Even strong swimmers such as sca trout have to abandon
swimming against the current if the culvert is too long. It is
therefore important to weaken the current or provide arcas of
refuge from the current within the pipe.

Figuve 4.3 This is hore Vejle County has made a simple but cffective inset that can be
Thusted Mumcipality tm-  fitted in culverts to create refuges and resting places for fish

proves poor pussage at attempting to swim through them. The inscts are comprised
culverts. Photograph by of a wooden plank with a centrally positioned notch that is
Frank Ehasson, fixed in an iron bracket having the same form as the culvert.

The insets arc screwed onto the inside of the culvert at (-2 m
intervals such that the boards sit on the bottom like lamellae
(Figure 4.4). They are angled against the current such that
trout and other fish can swim through the notch in the boards
and rest in the basins between adjacent boards (2).
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Figure 4.4 Vele County
mounts wooden famellac
1 culverts 1o create rest-
ing basins. The photo-
graph on the right shows
the same cufvert before
lamellae were mstalled.
Photograph by 7. Wolf

Fespersen.
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Access to new spawning grounds

Truds A stream, a tributary of Kolding A river, runs through
a 68 m long culvert under a motorway. The gradient of the
culvert is so steep and the current so strong that even sea trout
could not traverse the culverted section. During the autumn,
when they attempted to migrate up Truds A stream to the
upstream spawning grounds, they were stopped by the culvert
under the motorway. The many trout thercfore had to be con-
tent with using the spawning grounds in the lower 300 m of
the stream. The trout could not pass through the culvert and
utlize the good spawning grounds that stretched over an ap-
prox. 1.5 km recach upstream of the culvert. The trout literally
queued up at the few spawning grounds available in the lower
rcaches of the watercourse. This resulted in the laving of
many more eggs than such watcrcourse reaches can normally
carry, which is approx. 80 eggs m? (3). This was reflected in
the large number of fry observed the following vear. There
was absolutely no space for the large number of alevins that
hatched from the cggs and there was excessive mortality when
they emerged trom the stream bed. A large number of the fry
perished simply because of the shortage of space.

[n 1990, Veile County establishied a simple weir with a retaining
wall below the culvert (4). This elevated the water level within the
culvert and the current thus became so weak that sea trout could
swim through. In the 1990 spawning season the sea trout wcre
thercfore able to utilize the many spawning grounds in the up-
stream reaches. The number of sea trout that entered the stream
was no greater than the previous year, and the number of eggs laid



Figurve 4.5 Troui size
disiribution before (lower
panct) and after (upper
pancl) the vestoration of
QCCUSS 10 P spatening
gronnids wpstreant of the
culverted section of Truds
A soreant. Notice the dif-
ference i the nuniber of
simrall trowt. Adapted

Jrom (4).

was therefore no greater; however, the eggs were laid over 2 much
larger area and the density of both cggs and fry was therefore more
n line with the carrving capacity of the stream. In that spawning
season, many more {ry theretore survived in the stream. When the
fry population was estimated in 1991, there were 3 times as many
frv per 100G m- of the sircam than in 1990 (IMgure 4.3). In con-
trast, the number of okler trout, which originate from the time
when only {ew survived, was the same in both 1990 and 1991,
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This finding indicates that the small tributarics are of decisive im-
portance for the trout population. This applics, for example, to
many of the small tributaries whose course mainly runs through
hills or forests, but of which the last flat reaches before the main
stream are culverted. Such culverted scections can block access to
good trout spawning grounds in upstream tributaries. Another ef-
feet showing the importance of access to new reaches in Truds A
stream can be scen in Figure 4.6. In June 1992, the upper reaches
of the stream were strongly polluted by slurry, resultung mn trout
death in a very long seciion. In 1993 a good trout pepulation had
re-established, the fish bemng derived from the new fry (3).
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Figure 4.6 Even though
the 1992 prout popularion
of Truds A stream died as
a result of slurry poltu-
rion, a new natural popu-
lation re-established in
1993,

Figuve 4.7 Drop man-
hole. The culverred wa-

tercourses’ equivalent of
a werr.
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Exposing buried watercourses

When long sections of a watercourse are culverted it is not
only the current thar can hinder the passage of fish. Thus
some fish, c¢.g. whitefish, will not pass through a dark culvert
(1). Many of the watercourses that arc culverted over long
stretches have drop manholes to cven out the gradient in the
culverted section (Figurc 4.7). No trout can move upstream
past such an obstruction.
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Figure 4.8 On ats way
to beconting an open
watercourse system. the
brook Isholm Landgrafr
ty Thisted Municipaliry,
Adapied from (6).

Skjoldborg sewage

Thisted Municipality has been systematically removing watcer-
course obstructions. One of the watercourse systems that they
have opencd for the passage of fish is the brook Isholm Land-
groft, a tributary of Sundby A stream.
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The objective was to create continuity and free passage in the
watercourse systemi, as well as to provide trout with access to an
old spawning ground in the upper reaches, which run through a
small valley with a good gradient (Figure 4.8). The central sec-
ton of the brook Isholm Landgreft was culverted and included
two drop manholes. The eastern drop manhole, which had a fall
height of 77 cm, has now been replaced by a 20%e gradient riffle
of ficld stones. Immediately downstream of the nitfle the brook
runs through a 20 m long culvert under a small ficld road. How-
ever, as the culvert gradient is only 0.5%0 and the pipe 1s sunk
into the brook bed, fish have no difficulty in passing. The western
drop manhole has also been replaced by a riftle, although in
this case the culvert has not been dug open. Instead, a new sec-
tion of watercourse was c¢xcavated that bypasses the culvert,
which was thereafter closed. This approach had the advantage,
among others, that the excavation work could be undertaken
under dry conditions (Figure 4.9). The new section of water-
course has a gradient of 3%, and a bed width of 65 cm.

It is rather unlikely that trout will be able to find spawning
grounds in this little spring brook, but invertebrates can now
wandcr freely. In fact, the day after the Isholm Landgreft pro-
ject had been completed, the riparian observed trout in the
brook for the first time since it had been culverted in 1950, At
the end of 1993, the sewage cftfluent that had been polluting
the upper rcaches of the brook was redirected to Vilsund
sewage trecarment plant. Thus Isholm Landgreft brook 1s once
more ready to host spawning trout.
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Figure 4.9 A meander-
mg brook was excavared
alongside a culveried sec-
ton of Isholm Landgreft
brook. Photograph by
Frank Elasson.
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Thisted Municipality uses its own manpower and machines
for as much watercourse restoration work as possible. The
work is carried out as employment projects supplemented
with help from contracrors. The budget for opening up the
culverted section of Isholm Landgreft brook is shown in
Table 4.1,



Table 4.1 The budset
for a Thisted Municipa-
ity restoraiion project.
Opening up of a culver-
ted section of Isholin
Landgraft brook.

Estimate:

1,100 m*excavation and levelling DKR Z5/m? oo =
3 pe. 80 cm dia. crossings - 26 m DK 550/m - =

12 hours DEE Q00 e =

50 m* stone and gravel levelled DKK 175my e =

DKK 27,500
DKK 14,300
DKK 4,800
DKK 8,750

Total, excluding VAT - e = DKK 55,350
F DU VAT voee o omererrmeeme e et e e s st e e = DKK 12,177
- Lotal, including VAT oo RS = DKK 67,527
+ UNEXPECLCA ERPCIISES «errersrervrmsreesorsemimiiras s, = DKK 7473
TOTAL ++evrrereeriee ettt rre e e e e s = DKK 75,000

Animals find the new brooks and streams

Stream invertebrates live a dangerous hife; the current can ca-
sily flush them downstream. The water can sometimes be full
of drifting invertebrates, cspeciaily during the evening and
morning hours. This is exploited by trout, which wait in the
shelter of weed beds and stones to catch any invertebrates
that drift by (Figurc 4.10).

Figure 4.10 Troutr
catch invertebrares that
drift with the current.

The current sweeps s0 many invertcbrates downstream that
the danger could arise thar they completely disappear from
the brooks and streams, and end up in the lakes and flords.
However, this doc¢s not happen since most invertebrates are
able to continually rcplenish the upstream population by
some means or other.

Some species do so by swimming upstream against the cur-
rent. One example is the freshwater shrimp, one of the most
common stream invertebrates. It is an important food re-
source for trout, and it is substances in its skin that colour
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Figure 4.11 The fresh-
water shArimp.

Figure 4.12 Adult in-
sects flv upstream against
the current and lay their
eges further up in the
watercourse than where
they themselves hatcfted.
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trout flesh red. The freshwater shrimps are flushed down-
stream when the current s strong. However, large flocks of
freshwater shrimps periodically migrate upstream against the
current, moving close to the banks, where they are sheltered
{rom the main current,

Most insects wait to migrate against the current until they are
adults and change to life on land. Then the females fly up-
stream and lay their eggs there, i.c. thev carry the next gencra-
tion upstream to countcrbalance their downstream displace-
ment by the current (Figure 4.12).

However, not all aquatic invertebrates can easily find their way
back to watercourses from which they have disappeared. Even
flving insects can have a difficult time recolonizing barren wa-
tercourses. For example, some spectes of Caddis fly remain very
close to their watercourse of origin, and it can thercfore take a
very long time before thev migrate into other watercourses (7).

Nevertheless, many animals quickly colonize culverted brooks
that have been opened up; they either drift down from open
reaches upstream, or travel up from downstream rcaches.



Figure 4.13 Enggard
Beek brook; formerly
culverred, notw open and
medndertig.

Figure 4.14 Although a
brook wmay dry out, this s
rot always the same as
losing the ciimals for ever.
Nezw ones 2ol nugrate
upsireant against the cur-
rent. Howewer, a culvert
such as the one showon will
prevent the passage of
animals such as fish and
[reshzoater shrimps.

In Enggard Bak brook (Figure 4.13), a flock of freshwater
shrimps numbering in the thousands was observed migrating
upstream through the brook as early as October of the year the
formerly culverted brook was opened up. Moreover, both may-
flics and buffalo gnats laid eggs in the brook only a few months
after it had been opened up.

Migration by freshwater shrimps lcads them into new and old
watercourscs as long as their passage is not blocked by obstac-
les such as culverts that they are unable to pass.
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Table 4.2 Freshevater
shrimps disappeared
from: Tbeek brook when 1t
dried out, and only reco-
lonized the reaches
downstream of an ob-
striction that prevented
their passage. Adapred
front (8).

Figure 4.15 Weirs tn
Hijortwad A stream,
which runs through both
Ribe and Senderiviland
Counties.
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It part of a brook 1s blocked, an animal such as the freshwater
shrimp cannot pass through. A good example of this is Ibaek
brook near Vejle. The brook was divided into two by an ob-
struction that prevenred both fish and inverrebrates from
moving further upstream. The brook dried out in the summer
of 1989, and the freshwater shrimps died out. In the vears
that followed a new population only recolonized the section of
the brook downstream of the obstruction ([able 4.2).
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Riftles instead of weirs

One of the most common types of watercourse obstruction in
Denmark is the weir, welrs often serving as “steps” in regulated
watercourses. In many watcrcourses throughout the country
they have been systematically removed or altered to allow fish
to migrate to upstream reaches. One of the first watercourses
in which the weirs were removed was Hjortvad A stream. 1t is
a tributary of Ribe A stream, and runs through both Sender-
jyltand and Ribe Counties. When Hjortvad A strcam was regu-
lated in the 1950%s, 14 concrete weirs were constructed (Fig-
urc 4.15),

Ribe Senderjylland

Hiortvng 4
A GET)



Table 4.3 The numiber

of trout mmereased after
the zectrs in the Ribe

Counry scctton of Hjore-

vad A streant were re-
placed by riffles. Adap-
ted fronr (9.

One of the main reasons why restoration efforts started with
Hjortvad A strecam was thar the stream had been an impor-
tant spawning ground for houting (the Wadden Sea salmon),
which was close to becoming extinet.

First, Ribe County removed the six large weirs in their part of
the stream in 1987-88 (9). To gain experience on how to best
convert the weirs, three different firms of consultants were 1n-
vited to put forward proposals. The latter were so different
from cach other that the three firms were each given responsi-
bility for transforming two weirs. The total cost of replacing
the six weirs with riffles was DKK 1.4 million. The new riffles
were soon colonized by weeds such as water crowtoot and
pondweed, which provide good hiding places for the fish and
good living conditions for the invertebrates; however, weed
also traps sand because the current is attenuated so much that
the sand cannot be flushed further downstream.

* Before rebuild-  Afier rebuild-

ing, 1987 | ing, 1988
Riffled 8 55
Riffle2 10 1’ 54
Riffle3 | 16 | 52
Riffle 4 6 17
Ries | 2 | 20|
T

Before the riffles were made, there were only few trout in the
vicinity of the three uppermost weirs in the Ribe County sec-
tion of the strecam. The year following the changes, the popu-
lation was considerably larger (Table 4.3). Morcover, in the
three uppermost riffles the number of young fry increased 6-
to 15-fold relative to the number previously observed. In both
the winter of 1988/89 and 1989/90Q, large sca trout have been
seen in the new riffles and in the winter of 1988/89 approx.
50 spawning grounds were counted. Houting can also pass
the new riffles, and mn the winter of 1990, schools of 600~
1,000 fish were seen ready to spawn there.
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Figuve 4.16 This 1s
howo weirs were modified
inn Sonderplland in 19935
they twere broken up and
replaced by riffles.

Cheaper restoration measures

The expericnces gained in Ribe County have subsequently
been applicd to cheaper measures. For example, Senderjylland
County replaced the remaining weirs in Hjortvad A stream with
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stone riffles in 1990. Ficld stones were simply unloaded in
such a way as to form a long stone ramp from the weir and on
downstream. As a result trour and houting now have access to
the entire lengrth of Hjortvad A stream.

Thisted Municipality have also developed inexpensive and cf-
fective solutions whereby the work is undertaken as employ-
ment projects. Riffles have been constructed using field sto-
ries, the only additional costs being for loading the stonces.

Figure 4.17 A stepped
riffle has refuges, where
fish can rest.

Table 4.4 Grades of ob-
struction vecoghized n
Viborg Counry.

If the weir is high, the riffle has to be sufficiently long that the
gradient does not hinder the fish in traversing the rifflc {see
page 133, however). A riffle can be madc shorter by establish-
ing stonc ramparts perpendicular to the current with basins
between them (Figure 4.17). Fish can rest in the basins after
having passed through th¢ strong currents running over the
ramparts. This type of riffle is termed a stepped riffle (10).

Viborg County has also systematically removed watercourse
obstructions, priority having among other things been given
to how great an c¢ftect the obstructions have (Table 4.4) (11).

In cstablishing prioritics, weight is placed on how large an
arca the fish will gain access to when the obstruction is ameli-
orated, as well as on how serious the obstruction is, Somc ob-
structions are classified as “total obstructions”, i.¢. no fish are

Total obstruction:

Scrious obstructiorn:

Structures thar hinder most of the fish stock in utilizing the arca.

Structures that fish other than eel cannot pass.

Selective obstruction:

Structures such as small falls which, even though they have a good
water depth in front of them from which fish can spring, are a total
or serious obstruction to small fish and fish species that do not
spring, but only occasionally a hindrance 1o larger springing fish.

Less serious obstruction:

Structures that only have limited impact on the optimal use by the
fish stock of the area above the structure.
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Figure 4.18 Ilustra-
tion of how weirs are
modified in Viborg
County. Longttudinal
section and cross section.
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able to pass them except eels at ¢cl weirs. Other obstructions
arc described as being “serious”, i.e. they hinder a consider-
able number of the fish from passing. Still other obstructions
are classified as “sclective”, i.e. they do not hinder the passage
of trout and other fish able to spring, but do hinder the pas-
sage of most other fish. Finally, there are the “less scrious”
obstructions that only slightly hinder the passage of fish.

Many of the obstructions can be ameliorated by building a simp-
Ie riffle in extension of the weir or whatever other structure is im-
peding passage. The gradient of the riffle is approx. 10%., and
the rifflc is stabilized with railroad sleepers laid perpendicular to
the watercourse (Figure 4.18). In Thisted Municipality, surplus
kerbstones have been used instead of railroad sleepers (12).

Riffle

Water surface

Sleeper N

A better bed in Tvede A stream

In Tvede A strcam, which lies north of Randers Fjord, Arhus
County converted seven weirs to riffles in 1987/88. Thorough
conversion plans were drawn up in the case of four of the
weirs, whereas the other three were converted using common
sense and experience gained from the first four. The cost per
weir was approx. DKK 9,000. Studies of which invertcbrate
species inhabit Tvede A stream have been undertaken since
1977 (13). It 1s therefore possible to follow the trend after
conditions in the strcam have been improved. The parts
wherc there are once again stones have been recolonized by
invertcbrates that live on stones (Table 4.5 and Figure 6.20).

The fish population of Tvede A stream (near Gjesing Mill)
has also been studied both before and after conditions were
improved. In 1987, there were 0.4 trout per 100 m2. Shortly



Table 4.5 Invertebrates in Toede A stream 1977-91
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Figure 4.19 Fish lad-
ders zutll be an exception
i1 furure Danish eater-

COHFSES.

after conditions were improved there were 1.3 trout per 100
m-=, which is still a very small population. However, in 1993,
5 years after the improvements were made, the population
was up 1o 36 trout per 100 m?2, i.e. a 90-fold increasc relative
to the population before the improvements were made (14).

Passes at dams

Until a few years ago, it was customary to construct fish lad-
ders ar those dams that fish needed to pass. The ladders have
not always lived up to e¢xpectations, however. The fish can
have difficulty in finding the ladder entrance, and it is often
only the strongest swimmers that can climb the ladder, the
weaker fish being unable to do so. Moreover, invertebrates
cannot usc the ladders at all. Today, the intention is that fish
passes should enable all types of fish and mvertebrates to
pass. Thus fish ladders are nowadays only built in places
where there is not enough room for alternartive solutions such
as bypasses or riffles. Another reason why fish ladders are un-
popular is that they arc as much out of place in watercourses
as are the restoraton measures shown on page 48.
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Figure 4.20 Bypasses
are a good solution for
passes at dams. Here 15
a well-functioming bypass
n the river Skjernd.
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Passes can be created at dams by leading part of the water
around the dam in a bypass - a new, small watercourse (Fig-
urc 4.20), In this way onc can both prescrve, for example, a
millpond, and yet guarantce the free passage of fish and in-
vertebrates up and down the watercourse. Such bypasses have
been constructed in many parts of Denmark.

In Vejle County, the cffects of such bypasses on fish have been
investigated in more detail (15, 16). One of the examples
given is that of Kvak Mellebak brook, which is a tributary of
the river Vejle A. A dam at Kvak Mill has prevented trout from
reaching the good spawning grounds above the millpond for
many years. Since the autumn of 1991, a bypass has led Kvak
Mollebaek brook around the millpond. The bypass 1s 170 m
long and has a gradient of 14%.. Two sca trout were caught
upstream of the pond as early as November of the same year.
When the tish population was investigated in the summer of
1992, it transpired that there were just as many trout up-
stream of the pond as there were downstream; in the bypass
itself the trout population was ¢ven greater (Figure 4.21), it
being a good habitat and there being food for the trout fry.
Invertebrates also rapidly colonized the new watercourse.

Vejle County has also cstablished bypasses in other water-
courses. As with Kvak Mallebak brook, it was found that not
only are the fish able to casily pass, but the new watercourses
prove to be good habitats for them. The bypasscs are part of
the watercourses and often provide a better habitat than the
reaches they connect.



Figure 4.21 frout size
diseribution within, below

and above the bypass at
Koak Ml
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Vejle County has also replaced dams with riffles. Even though
the gradient at some of the riffles is stecp (up to 30%o), more
trout inhabit the riffles than the upstream and downstream
reaches (Figure 4.22). The stones in the riffles create such
good rcfuges that fish can withstand the strong currents. In
addition, the fish have casy access to food such as the inverte-
brates that drift by.

Other fish, such as cel, roach and perch, can also survive in
the riffles. The studies in Vejle indicates that a riffle gradient of
at least up to 30%o docs not hinder the passage of even weakly
swimming fish.

Up untl 1993, Vejle County had established riftles or bypas-

ses at 41 dams. The costs per project ranged from DKK
100,000 to 400,000.
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Figure 4.22 Trout size
distribution within, be-
low and above the riffles
i Martrup A stream.
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Adequate water depth - all year round

Discharge in the bypasses has to be sufficient that the fish can
pass and perhaps find refuge. In Egd stream at Nymeolle mill
near Arhus, it has been calculated how much discharge is ne-
cessary to ensure an adequate water depth all year round, in-
cluding periods when there is Hrtle water in Ega strecam (17).



Figure 4.23 Flow-

dutration curves for
different tmes of the
year tn Ega stream.
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The width of the bypass was planned to be 1.5 m. At discharge
rates of 150 litre/scc, the warer depth would be 20 cm, which is
adequate o allow trout to pass. In order to determine how of-
ten and for how long that depth could be sustained, runoff to
the strcam was examined in two-month intervals. This data
was presented as so called flow-duration curves (Figure 4.23).

It transpired that with the planned width, it would enly be
possible to ¢nsure an adequate water depth 30% of the time
during the part of the year when water is plentiful, and even
less during the remainder of the year. It was thercfore necess-
ary to redimension the bypass so as to ensure an adequate wa-
ter depth for a greater period of time. Figure 4.24 shows the
water depth that can be obtained at different discharge rates
at bypass widths of 1.5 and 0.5 m. By comparing this figure
with the flow-duration curves, it 18 possible to determine
whether the smaller width can ensure an adequatc water
depth at all times. However, not even the narrow bypass could
satisty the water depth requirements.
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Figuvre 4.24 Waier
depths at rwo bypass

widths in Fgd stream.
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The alrernative is to reduce the bypass gradient, thereby
slowing the discharge rate, in other words, to give the bypass
a morce meandering course. At Nymelle mill a course was
found that would ensure an adequate depth 95% of the time.
To alleviare the problems caused by low water depth during
periods of low discharge, a series of decper areas (pools) can
be created in which fish can find refuge.

Examples of large projects

In the river Susa, near Hollese mill, a pass was made by creating
a 136 m long riffle that has a gradient of 14.5%. and a resting
basin in the muddle. The riffle was given a two-step profile to
cnsure an adequate warer depth during the drier summer
months. As the river Susa is subject to considerable differ-
ences in discharge in the summer and winter, it 1S necessary
to reduce the strain on the riffle when discharge 1s high. This
1s done by diverting part of the flow through a sluice system.
The ncw riffle was constructed such that it not only ensurcs
the passage of fish, but also ensures a sufficiently high water
level in the upstream lakes to allow the continued operation of
the mill. In this way the interests of angling, nature and history
have all been preserved.

One of the largest bypasses in Denmark has been established
at the hvdroelectric power station in the river Stord, near
Holstebro. It is 655 m long and 2.75 m wide. The average
bed gradicnt is 10%o, but there are six level resting basins.,
The bypass evens out a difference in height of 5.34 m.

A number of studics have been made concerning the ¢xtent to
which fish pass through the river Stora bypass. As is apparent
from Table 4.6, even weakly swimming fish such as whitefish
arc able to usc the bypass (18).
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At the outlet of the bypass to the watercourse there has to be a
sufficiently perceptible current that can guide the fish into the
bypass. This is a problem bypasses have in commeon with fish
ladders. Table 4.7 shows the discharge rates that were found to
be best for different fish species at the river Stora bypass.

Table 4.7 Eack species | Preferreddischarge
of fish hus a preferred 1,000 400 Discharge
current speed. Adapted (I7s) (1) unimporant
from (18). Perch Gudgeon Bream
Pike Roach Dace
Salmon ! Eel
Sca trout Flounder
Steelhead Grayling
Taveret
Rufte

Discharge rate thus needs to be varied between 400 and
1,000 litre/sec in order to accommodate the conditions pre-
ferred by the different fish species. It was thercfore decided to
lead 1,000 litre/sec through the bypass from [ October to 31
May, whilc from 1 June to 30 September, 400 litre/sec 1s led
through the bypass during the day and 1,000 litre/sec at
night. The guiding current can be strengthened by making
the lower part of the bypass more steep than the upper part.
Only approximately one third or less of the flow through the
river Stord i1s led through the bypass, the remainder being
utilized for the hydroelectric turbines.
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Figure 4.25 The num-
ber of fry has increased
tn siep with habiiat qual-
iy, The data is from
Dolleriep Beek brook.
The fipures ave per 100
(= 250 wm<) of brook.
Adapied from (19).
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Trout return to lake Hald So

[ake Hald So near Viborg is now so clean that lake trout can
onge again inhabit it. It is not ¢nough, though, that the lake is
clean; lake trour spawn in small brooks, and the condition of the
latter must also be good. However, the brooks were blocked,
and were ruined by pollutdon and hard-handed maintenance.
The Lake Iald Se Boating Association, which is actually an
angling society, has, in collaboration with the landowners, made
considerable eftfort to restore the brooks where the lake trout
can spawn. They have created good living conditions in Dol-
lerup Mallebaek brook and Dollerup Back brook by instigating
gentle maintenance practices. The brooks have been trans-
formed {rom wide lazy watercourses to narrow briskly flowing
brooks. When a fish furm in the upper reaches of one the brooks
closed, good spawning grounds became available there. All that
remainced was for trout to find their way up to these reaches, the
route having been obstructed tor 400 vears by a mill dam.,
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At the muill a bypass was constructed so that lake trout could
migrate to the spawning grounds in the upper rcaches of the
brook. The bypass had the form of a 154 m long meandcring
strcam with a gradient of 15%., a width of between 40-90 cm
and a depth of 10-30 ¢m. The cost was minimal as the work
was undertaken by members of the Boating Association,

For the first time in 400 years, lake trout had access to the
uppermost spawning grounds. Fry were produced there al-
ready in the first season, and the trout population is now so
good that stocking 1s no longer required (Figure 4.25). This
demonstrates that many factors need to be in order before re-
sults can be seen, for example, clean warer in the lake, good
watercourses and access to the spawning grounds.



A new course

Many weirs and (alls were constructed in order to ¢ven out
the gradient i places where watercourses had been channel-
1zed, such watercourses being shorter and therefore steeper
than meandering watercourses.

Weirs and falls can be removed by restoring a watercourse to
its former meandering course. An example 1s Landeby Baek
brook ncar Legumkloster (Figure 4.26). The steep gradient
of the 475 m long, channclized reach was replaced by a new
775 m long, meandering reach with a gentle gradient and no
weirs (Figure 4.27).

Figure 4.26 This weir
has now been veplaced
by a meandering water-
course.
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Figure 4.27 The outlet
of Landeby Beek brook

as it now appears

(1993),

Figure 4.28 A4 52w
reach of Lundpard Beek
brook was restored to 1ts
Jormer 250 m meander-
IRg course, 1700 Welrs were
removed, and the disused
Jish farm was converted
to a small lake. 1957

¥ 1983

In 1953, a 250 m long, meandering reach of Lundgiard Bak
brook, a tributary of Villestrup A stream in Himmerland, was
shortened to 52 m. The gradient was utilized in two welrs to-
talling 110 c¢m in height that channclled warter through an ad-
jacent fish farm. The reach has now been restored to its for-
mer meandering course and the weirs have been removed.
Not only has the old watercourse been restored, but the
disuscd fish farm has been converted into a small lake (20).
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Many of the problems with watercourses arose when their
natural cours¢ was altered. Thus, many problems can be
solved by restoring watercourses to a more natural, meander-
g course. Scveral examples of such restoration arc given in
the next chapter.
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5. GGiving watercourses a new form

Only very few watercourses still have their natural
form. Many have been regulated, and even more
have lost their meanders and riffles as a result of
maintenance. They arc often too wide and lie too
deep in the landscape, and are often unstable,
with collapsing banks and migrating sand. More-
over, they have become poor habitats for fish and
invertebrates and are obstructed by many weirs.

While regulated watercourses will attempt to re-
vert to a natural form, there are many ways in
which one can help.

Chapter 2 gives examples of how good biological
conditions can be restored in channelized or ri-
gorously managed watercourses through the use
of gentle weed clearance techniques. One can also
narrow a watercourse by constructing stone em-
bankments that concentrate the current, thereby
creating a more varied bed.

With only the natural forces at work in a water-
course, it takes a very long time for real meanders
to re-establish. In many places, though, it has pro-
ved possible to successfully create new meanders
and, as a result, provide better habitats, lessen
transport of sand and ochre, and creatc a more
varicd and stable bed and sides.

Nevertheless, 1t 1s primarily the natural forces at
work in the watcrcourses that we must harness
since this will enable many watercourses to event-
ually revert to their own natural form.
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Figure 5.1 The brook
in Vrold Vesterskow forest
was given a narrow
winding course by using
poles and branches to
build out alternate sec-
tions of bank.
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Current concentrators

Current caoncentrators can be used to narrow a watercourse
and to imitate a meandering path. One of the first Danish ex-
amples of this was Voer A stream, as discussed on p 41. Another
example 18 a 200 m rcach of a brook in Vrold Vesterskov forest
which was given a narrow winding course by using polcs and
branches to build out alternate sections of bank (Figure 5.1).

The brook had previously been wide and lazy with a barren
sand bed. The restoration work increased the current, soon
resulting in a varied bed with plants and a good population of
fish. The new brook has now cxisted tor morc than 10 years,
and the fish population is still good. Work has now started on
re-exposing a 460 m culverted rcach further upstream.

Current concentrators have also been built in Tvede A stream
{Figure 5.2). The stream has been given a morc varied
course, thereby improving the habitat for invertebrates and
the fish population {see page 131).
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Figure 5.2 A working
drawing used in the
restoration of Tvede A
stream.

In Fald A stream, which cmpties into the Limfjord near Lem-
vig, the local anglers have narrowed a channelized and uni-
form rcach with stonc ¢mbankments, that not only scrve as
current concentrators, but also protect the banks (1). Arti-
ficial hiding places for fish have also been made by placing
small turf-covered platforms over parts of the watercourse
with pools. The establishment of such hiding places can be
necessary if other shelters do not form in the stream. The cost
of the project was minimal as the labour was voluntary. The
first results became apparent within the year, the reach having
become much more varied with riffles and pools. A popula-
tion of brown trout began to establish, and clectrofishery in
1992 and 1993 showed that sea trout had also found their
way to the restored reach.

In 1988/89, two reaches of Pole A stream in North Zealand
totalling more than 800 m were given a meandering current
channcl within the confines of rhe relanively wide stream bed
(2). The meanders were created by constructing cutrent con-
centrators made of 20-30 ¢cm diameter stones on alternate
sides of the stream. The concentrators are approx. 7 m long
and are placed at approx. 15 m intervals in the upper end of
the stream and approx. 22 m intervals in the lower end. In the
upper end they protrude approx, 1.75 m into the strcam,
leaving a currcnt channel of approx. 2.25 m, while in the
lower end they protrude approx. 2.5 m, leaving a current
channe] of approx. 1.5 m. Calculations based on a time-series
of discharge ratcs indicate that no unacceptable damming up
of water takes place. The constriction ¢aused by the current
concentrators should be counterbalanced by the increased
depth of the current channel.

The effects of restoration have been followed for approx. 1.5
years (3). During the first 6 weeks, noticeable deposition oc-
curred both in front of and behind the current concentrators.
However, there was no noticeable erosion in the current
channel alongside the current concentrators, the current be-
ing too weak. During the following 16 months deposition
continued to such an extent that deposits also accumulated
alongside the current concentrators; again, this was duc to the
current being weak, which is not unusual for watcrcourses in
this part of the country. Despite the fact that deposition was
considerably greater than expected, the restorauon neverthe-
less enhanced physical variation in Pele A stream, and water
depth is good even when discharge rate 1s low,
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New course
Existing course

j Bank protection

Figure 5.3 Siensbeek
brook’s newe and old
corrse and profile.

Adapted from (4).
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New meanders in Stensbzk brook

Stensbazek brook, a tributary of Gelsd stream in southern Jut-
land, runs through a mclt water sand plain. As a result of
channelization an 800 m rcach of the brook was verv un-
stable, the current eroding to such an cxtent that banks col-
lapsed and sand {flushed downstream. The watercourse auths-
rity, Gram Municipality, would normally have stabilized the
banks with fascines, a measure that is both expensive and
somewhat unnatural. However, the new Watercourse Act pro-
vided other possibilities for dealing with such problems, and
the decision was therefore taken in 1984 to solve the problem
by removing one of its causcs, namely the unnaturally steep
stope.
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New profile profile

This was donc by remeandering the watercourse (4). The
brook’s original path was found on old 1:25,000 and 1:2,000
scalc maps. The planned path was checked against the ter-
rain’s natural contours. In order to ensure that the restored
path 1s stable and that the current does not start to erode
away at the bed and sides, it s necessary that both the slope
and the cross-sectional profile arc appropriate in relation to
expected discharge in the brook (Figure 5.3).

While planning the slope and profile it is also important to
take into account whether the discharge has changed since
the brook was channelized, for example as a result of the con-
ncction of drains or stormwater outfalls to the brook. It is also
important to ensure that the relationship between the depth
and width are appropriate for the bed material the brook will
run through (sce page 24).

To determine the profile as accurately as possible investiga-
tions were undertaken to find traces of the brook’s original



profile. A series of small exploratory ditches were dug perpen-
dicular to the original course of the brook. This revealed the
original brook bed so distinctly that the profile could casily be
measured. This was done in several places to obtain the di-
mensions of the profile in the various sections of the original
meanders, The profile was lopsided in the meander bends,
whil¢ it was ¢ven or straight mid way between the meander
bends, exactly in accordance with the principles shown in Fi-
gure 1.8, As an extra precaution, the profile was measured in
an unchannelized reach upstream of the reach that was to be
given a new profile. In order to convert the dimensions of the
upstream profile it was nccessary to correct for the greater
amount of water that would run through the new profile. The
calculations fitted well with the original profile exposed by the
exploratory ditches. Finally, profilc mcasurements were made
in a neighbouring brook sirmilar in terms of catchment area and
discharge. This confirmed the appropriateness of the planned
protile.

The average gradient of the new course was determined from
the contour lines on the 1:25,000 scale map. This was checked
by surveying the bed of the exploratory ditches dug across the
original path. The new path was dug to a depth determined
partly from the trig points and partly from the original bed
exposcd during excavation.

In a new watcrcourse such as Stensbzk brook, the current will
affect the bends until the vegeration becomes dense ¢nough to
reinforce the banks. With the outer side of meander bends,
therc is a particularly great risk that the current might erode
so much as to ruin the new profile; however, they can be sta-
bilized by stones laid out on the sloping side (Figure 5.4).
The stones that were used to reinforce the bends in Stensbak
brook wcre fist~sized pebbles from nearby fields. The lower-
most stones should be larger, and should be pressed tightly
packed into the angle between the bed and side such that the
stonces support each other. The stones not only prevent the
current from eroding the underlying material in the bends,
burt also help protect the bank downstream because their un-
cven surface attenuates the current’s cnergy.

The Stensback brook restoration project stood its first real test
before completion: on 31 January 1985, water from the spring
thaw rushed through the brook in such large amounts that dis-
charge rcached a level normally only seen once every five
years or so, and which could be expected to considerably shape
the watercourse.,
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Figure 5.4 The expo-
sed bends are stabilized
with stones. Adapted

Sfrom (4).

Figure 5.5 The new
path of Stensbeek brook
held up against excep-
tronally high spring dis-
charge. Photograph by
M. Bjorn Nielsen.
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Howevcer, the brook’s new profile and course successtully led
away the water withour the brook suffering any damage. The
new form proved to be in harmony with the immense forces
at work in the flowing water, i.e. the brook had been re-estab-
lished with the characteristics it had prior to channelization.
In 1985, gravel was laid out in scveral places along the bed to
protect the sand from the current, as well as to provide good
habitats for mvertcbrates and spawning grounds for trout. In
1987, additional spawning grounds were laid our in connec-
tion with the project discussed in Chapter 3 (pp 104-7). A
study i 1989 revealed that there was a good population of
both trout yearlings and fry - a good indication that the brook
was regaming its original characteristics - as well as that the
problem of migrating sand had been brought under control.




Figuve 5.6 Idom A
streant wus remeandered.

The remeandering of Idom A stream

Idom A stream is a tributary of the river Stord. Part of the
stream 1s channclized and two fish farms had been located
therce for many years. In 1987, the fish farm furthest upstream
closed and as a result, the water quality in the stream im-
proved. The same vear, weed clearance in the stream was
ceased. In Ocrober 1990, Ringkjebing County restored a 280 m
channclized reach to its original course. The original mean-
ders were clearly apparent in the meadow as depressions. As
an extra control the original profile was scarched for by bor-
ing simple test cores. The length of the remeandered reach
was 5370 m, morc than double that of the reach when chan-
nclized (Figure 5.6).

Ringkjobing County has studied the fish population both be-
fore and after the new meanders were excavated (Figure 5.7)
(5). Since 1990, the studics have been undertaken in 3 differ-
ent rcaches: A still channclized upstream reach, the new
rcmeandered reach, and a reach further downstream that had
never been channclized. Two years after closurce of the fish
farm and cessation of weed clearance a good population of
trout had started to appear. This trend continued in all 3 reach-
es after the new meanders were constructed in 1990. Howev-
er, the increase was least in the remeandered reach, this being
attributable to the relative lack of weed beds in which fish
could scek shelter. However, since 1993 the population in the
remcandered rcach has cqualled that in the non-channelized
downstream reach. It thus appcars o have taken no more
than a couple of years for natural conditions to be restored in
the remeandercd reach.
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Figure 5.7 Growth in
the trout population of
Idom A stream.
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In Figure 5.7, the number of trout 1s expressed per 100 m wa-
tercourse irrespective of whether the reach is straight or me-
andering. Even if the number of places in which trout can live
(hide) should be the same per 100 m of the channelized and
remeandered recaches, the greatly increasced length of the re-
meandered reach will augment the total number of trout in
the latrer.

The raising of Elbzk brook

Elbxk brook, onc of the upper tributarics of Karup A river,
was channelized in the previous century. Since then Elbaxk
brook, like Stensbak brook and so many other channelized
watercourses 1n heath plains, has eroded decper and deeper,
the bed eventually having come to lie 2 m below ground level.
The banks collapsed because of crosion by the current, and
migrating sand drifted through the brook.

In 1986, Elbxk brook was restored (6, 7), the primary aim
having been to stabilize the brook so as to prevent the banks
from collapsing turther. An additional aim, however, was that
the brook should regain its former status as a trout spawning
and nursery area. Ikast Municipality decided to remeander El-
baxk brook so as to lessen its slope. The lower reach had a rea-
sonably natural form; although it had been channclized, the
gradicnt was so steep that the current had formed a new
course whose profile and path were reasonably natural. Its
cross-sectional area was approx. 1 m?, and it had to be able to
drain a catchment area of approx. 15 km?2. In contrast, the
cross-sectional area of the upstream reach of Elbzk brook was



approx. 3 times greater! In comparison, the cross-sectional
arca of Bording A strcam, a neighbouring watercourse that had
to drain a catchment area of 17 km2, was 1.2 m?, i.¢. just a little
larger than that of the lower reach of Elbak brook, which had
a correspondingly smaller catchment area. The excessively large
cross-sectional area of the upper channelized reach of Elbak
brook could thercfore be reduced without there being any risk
that i1t would be unable to accommodate the discharge, It was
decided thar the new cross-sectional arca should be 1 m?, as
compared o the acrual cross-sectional arca of 3 m2.

The brook was to be given a meandering path with a lopsided
profile in the meander bends and an ¢even profile between the
bends. Tt was not possible to determine the original meander-
ing path of Elbzk brook using old maps. However, based on
the contour lines on a 1:20,000 ordinance map from 1913, the
average gradient of the original Elbaek brook was estimated to
be approx. 1.4 %e. It was decided to construct new meanders
in such a way that the gradient over the critical reach would be
1.8%o. This was halt the gradient of the channchized brook,
and would thereby reduce crosion of the bed and sides by the
current. Because Elbak brook had cut very deep below ground
level, the decision was made to cxcavate a completcly new path
for the brook. There was room cnough because cultivation of
part of the land in a corrnidor bordering the brook had been
abandoned. This made it possible for the bed of the brook to
be raised to a more natural level.

The watercourse can develop within the corridor without flood-
ing affecting surrounding fields. The corridor also protects the
watercourse when discharge 1s excessive since it scrves as a flood
channel. During the dry summer period the narrow main chan-
nel ensures rhat water depth is reasonable even when discharge 1s
low. In thus channel weed 1s cleared to form an even narrower,
(0.5-1 m wide current channel. A good population of trout was
already present one vear after restoration: approx. 25 per 100 m?.

Meanders remove ochre in Rind A stream

Rind A stream, onc of the tributarics of the niver Skjern A, was
channelized in the 1940’s, Because the stream washes ochre
into the river during the winter, Ringkjobing County decided to
undertake a restoration project that both recreated meanders
and cleaned the water of ochre (8). In 1992, an 1,800 m chan-
nelized reach was replaced by a meandering reach (Figure 5.8).
The new course was approx. 550 m longcer than the old chan-
nclized course. The stream runs in a meadow corridor in which
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Table 5.1 Ochre re-
mooval in the re.sjrt}red
reach of Rind A siream,

November 1993,

¢ Sand trap
¥

==bl
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a serics of flat basins were dug and sown with grass. During the
winter half year, stream water flows over into the basins, comes
in contact with the grass, and the iron precipitates out. The
first results from the autumn of 1993 showed that a large part
of the ochre can be removed in this way. Thus in November
1993, at the most downstream measurement point {(site 5 on
Figure 5.8), 75% of the iron content had been removed (both
ochre and dissolved iron) (Table 5.1).

— o N

Measurement point 1 2 3 1 5
(see Fig, 5.8) | |

—_— ——— - —_ i —_——

Total iron 2.0 0.68 .66 038 1 Q.50

mg;l i

Dissolved iron 056 1 0.23 0.24 0.38 0.11

mg;/1 ! \

With this restoration project Ringkjebing County has revived
the natural purifying etfect previously common to many of the
local watercourscs. When watcrcourses {looded their banks,
the ochre was “trapped” by the grass in the flooded meadows.
The project is also remarkable in the way in which it was car-
ried out. It started with Ringkjebing County authorities being
contacted by two landowners who wanted Rind A stream to
be restored to its former meandering course. The first meet-
ing between the County and the landowners was held in April
1991, and by February 1992, the strcam had been remeande-
red. The ochre-trapping basins were completed later,

Figure 5.8 Meanders have been restoved in Rind A stream and
basins have been formed to trap and retam ochre. The figures indi-
cate the measurement ponis referred 1o in Table 5.1,



Figure 5.9 Kikhane-
renden canal prior 1o re-
storation,

Figure 5.10 - and af-
ter. Photograph by Steen
Rostrup.

From flagstone-lined to meandering watercourses

Somec of the most modified watercourses in the country are in
the vicinity of Copenhagen. In order to cnsure that the water
drains away as rapidly as possible, some watcrcourses were
lined with flagstones. This had, for example, been done in the
majority of Kikhanerenden canal, a 5.5 km long watcrcourse
in Sellcrad. The reason for lining the watercourse with flag-
stones in 1955 was to ensure that the water was rapidly led
out to the Sound so that nutricnts would not be rctained by
the weed in the watercourse!

In 1988-90, Kikhanecrenden canal was restored (9). The flag-
stones were removed except in a few soft rcaches where they
were used to stabilize the bed. Moreover, the cross-section
was reduced from 2.25 to 0.75 m, thereby ensuring sufficient
water depth even during the summer. Since one tenth of the
catchment area is serviced by the sewerage system, discharge
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Figure 5.11 Store lEjle

A stream: From flag-
stones (right) to mean-

ders (left).

during downpours can be 50-100 times greater than normal.
It was thercifore necessary both to make retaining basing and
to give the brook a two-step profile. In addition, during high
discharge the water is Ied into an adjacent marsh so that nut-
rients and soil particics will be retained, thercby preventing
them from reaching the Sound. To ensure reasonable di-
scharge in the current channel during drv summers, it is pos-
sibic to pump groundwater into the watercourse at a rate of
up to 10 litre/sec. The watercourse was stocked with trout in
1991, and a subscquent study showed that even such a badly
molested watercourse can be restored to a suitable habitat for
fish,

In 1992, the restoration of Store Vejle A stream in Copenhagen
County was begun (10). This watercourse had also been lined
with flagstones, in this case the reason being to prevent pol-
luted stream water from seeping down to the groundwater
from which drinking water is abstracted. The flagstones have
now becen removed 1 a 1,400 m reach upstream of lake Tue-
hotm Se. To hinder soil and sand trom flowing into the lake, a
sand trap was built upstream of the outlet. The new water-
course was given a two-step profile with a meandering current
channcl (Figure 5.11). To prevent water from sceping down
to the groundwarter, both the bed and the sides were lined
with a compact layer of clay. The new reach is only part of a
larger restoration project for the watercourse. QOther reaches
will also be restored, and borh spawning grounds and fish
shelters will be buitt.
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Figure 5.12 Gelsa
streant, before and after
restoralion.

Figure 5.13 The water
still runs i the channel,
although a new meander
is under construction,

The remeandering of Gelsa stream

Gelsa stream is one of the main tributarics of Ribe A stream.
Like most watercourses, much of its ¢course had been channel-
ized. The reach near Bevtott was channclized in 1952 at a cost of
DKK 200.000 in order that a small meadow could be converted
into a field. However, within a few decades the meadow lost 1ts
value, partly becausc the ground sank as a result of its diminish-
ing peat content, and partly because the meadow was not very
large. In 1989, some local citizens took the ininative to see to it
that the stream was remeandered. The work was undertaken in
conjuncton with Senderjylland County the same year (11).

Bieviaf
it
i

L

-+ Gelaa stream
= 19321949
T After 1980

A i -~ i M 10

The new course was cxcavated according t© maps showing
the strcam’s path before channelizarion (Figure 5.12). Where-
as the channelized reach was 1,340 m long, the remeandered
reach is now 1,850 m long. When calculating the new profile,
great import was given to future drainage problems. The
drainage capacity was to be 5 m?/scc when the stream was
weed-free. This means that the stream valley would tlood
once every second year, which is as would be expected in a
natural stream valley.




Figure 5.14 Profile of
various parts of the re-
meandered reach of
Gelsd stream.
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In order to cnsure that the new stream could tolerate high dis-
charge rates, meticulous attention was paid to cnsuring that the
various parts of the stream were given the appropriate profile.
The rules governing the profile of meanders were followed and
adjusted to the precise dimensions appropriate to a watercourse
such as Gelsd stream (12, 13). The slope of the bed and sides in
various parts of the stream were as illustrated in Figure 5.14.

The bed is lopsided (asymmetrical) in the meander bends,
but even (symmetrical) in between the bends. In the straight
stretches between bends, the bed is ¢ven, the width is 5 m
and the banks slope at 45 degrees. In the meandcr bends, the
width of the upper part of the profile 15 the same as in the
straight stretches (5 m), while that of the bed is only half as
much (2.5 m). On the other hand, the depth is up to half a
metre greater. The profile in the meander bends is lopsided,
being deepest on the outer side. The cross-scctional arca was
calculated according to the discharge rates that could be anti-
cipated given the ramtfall and the size of the catchment area.
Those parts of the meander bends where the current would
be expected to erode most have been stabilized with stonce
embankments similar to thosc built in Stensbaek brook (cf. Fi-
gurc 5.4),

In the upper section of the reach to be restored there was a 60
c¢m high weir, This provided the slope needed when making
mcanders, Half the gradient was levelled out by a riffle, while
the remaining gradient was utilized to raise the bed in the up-
per half of the watercourse,

The lowermost part of the stream was not changed, it being
wanted o “save” part of the gradient until such time as down-
stream rcaches could be remceandered. However, it subse-
quently transpired that the steeper gradient induced the water-
course to gradually erode away backwards through the restored
reach, exactly as described on page 26. If part of the gradicent is
to be “saved” in future projects, it would be advisable to do so
by building a riffle able to withstand the current.

This is how one excavates new meanders

To reduce the damage to the downstream reaches of the
stream a sand trap was builr in the lowermost scction of the
reach ro be restored. The sand trap collected approx. half the
material that was flushed downstream, while the remainder
was only detecrable at most 4 km further downstream.
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Gelsa stream.

Excavation of the new meanders was begun in the lowermost
part of the reach, but the water was not allowed to flow through
until all the meanders were ready. When a new mceander ap-
proached the upstrcam channelized watercourse, cxcavation
was halted, while the lower end of the meander was opened
out towards the channclized section (Figure 5.15). When every-
thing was ready to send water through the new reach, the new
meanders were opened one by one working from the upper-
most section on downwards, the soil being used to close the
old channelized watercoursc. Excavation work started on 10
July 1989, and was complete by 3 October of the same year.
It is important to undertake the excavation work during a pe-
riod when discharge is least, and it has to be finished beforc
trout begin to spawn. The total budget for remeandering the
reach is shown in Table 5.2.

The new banks were devoid of vegetation, and were therefore
very susceptible to damage by the current and rain. In order
to determine how most rapidly and cffectively to get plants to
stabilize the soil, the reach was divided into four sections that
were cach treated differently. Onc section was not planted,
while the other three were planted with either rye, grass or a
mixture of both rye and grass.
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Table 5.2 Budgei for
the Crelsa streant vestora-
tion projeci.

Figure 5.16 Gelsa
stream adpsted the new
profile through erosion
and deposition of muate-
rial. The profile in two
parts of the newly estab-
lished watercourse (solid
{tne) 15 shown together
with that after 1 year
(broken line). Adapred
from (13).

Cost of individual itemms

Excavating sand trap ............................. DKK 10,000
Excavating new watercourse .................. DKK 191,000
Iilling 1n old watercourse .............ooovn, DKK 101,000
Spawning grounds ... DKK 156,000
Bank reinforcement with stones............. DKIK 145,000
Constructon of riffle at the mill.........._.. DKK 26,000

Technology (new bridge, joining sewers,
water ducts and electricity cables, cte).. . DKK 336,000
Planning, preliminary studies

AN SUPCIVISION ot DKK 242,000
Compensation to ground owners ... DKK 13,000

Follow-up monitoring

Follow-up monitoring of the stream over the two-year period
tollowing restoration revealed that it adjusted to its new form
in the course of one year (13). During the first vear the cur-
rent croded material away from the bends and many parts of
the bed, while during the second vear deposition occurred,
cspecially when the stream flooded its banks (Figure 5.16).
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Table 5.3 Percentuge
of the banks that were
eroded away by the cir-
rent.

Table 5.4 Increase i
the nwnber of plant spe-
cles tn the restored reach
of Gelsa siveain as con-
pared with an upstrean)
refercrce redach,

The new form given to the stream was given the finishing
touch by the stream itself over the first year; during this time
it found a form in harmony with the forces at work in the cur-
rent. The banks that were sown with grass or the mixture of
grass and rye were the most stable (Table 5.3), while those
left barren or planted with only rye were very much subject to
the impact of the current and rain.

Treatment

Untreated Rye Grass Rye and grass

| | . i

| | . ;

1000 | 0.5 ! 14.8 2.5 4.3 i

| - - | |
| 1091 34.0 21.0 75 | 8.8

Plants quickly colonized the new reach, both in the water-
course and along its banks. In the beginning the vegetation
was not as dense in the new reach as it was further upstream,
which is not surprising since it needs time to c¢stablish a foot-
hold. However, in the sccond summer there was roughly the
same density of plants in the two reaches, although the den-
sity was less in the lower section of the restored reach than in
the upper section. This was probably attributable to unstable
bed conditions in the lower scction.

"I'he first year the number of plant species in the restored reach
increased to more than that in the upstream channelized reach.
In 1991, 2 vcars after restoration, there were 31 specics in the
new reach as compared with only 22 in the channclized reach
(Table 5.4). As was also seen in Idom A stream (page 149), 1t
takes time for good living conditions to develop.

Number of plant specics

Study year Restored reach Relerence reach
1989 14 17
1990 21 16
22

1991 31

Invertebrates rapidly colonized the new reach, some drifting
down from the upstream part of the stream. By 1990, the
fauna in the two rcaches was rather similar. However, species
composition and density was less in the restored reach, this
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Figure 5.17 Brede A
river is one of the many
channelized watercourses
tn southers Jurland
(upper panel). In 1991,
work started on reniean-
dertng a 3 km reach
(lower panel). Photo-
graph by Senderiviiand
County.
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being because there were fewer plants among which they could
live. By 1991, though, there was a clcar tendency towards an
incrcasce in species composition and density in the restored
reach, undoubtedly because of the greater availability of suit-
able habitats and becausc of the greater bank zone providing
good living conditions for spccies such as the freshwater
shrimp, etc. The restored rcach was also colonized by many
invertebrates that typically inhabit stone and gravel beds, just
as was the case in Tvede A stream (sce pagc 131).

In another major restoration project in southern Jutland, the
remeandering of a 3 km reach of Brede A river (Figure 5.17),
the number of species associated with stone and gravel bed ha-
bitats increased from 10 to 20 following restoration (14).




Figure 5.18 Steps in
the formation of new
meanders.

Watercourses can restore themselves

It is the watercourses themselves that form their meanders, but
this can take a long time. It 18 not quitc clear just how ncw
bends arise in a straight channel. There is some indication that
meanders primarily arise at a focus in the form of an indenta-
tion that can have becn cut by the current when forced against
the side of the watercourse by a “bulge™ on the opposite bank
(Figure 5.18).
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Within the confines of a channelized path the watcrcoursc can
create something that, while not exactly resembling the original
meanders, nevertheless has some of their characteristics. With
the current channels that are being made in the watercourses,
the first bends are now starting to cut into their sides; however,
it could take a long time before they become large. With the
forces at work in Danish watercourses, 1t could take perhaps a
hundred vears, and in some places perhaps a thousand years,
for a channelized watercourse to erode large mceanders in the
surrounding landscape.

In the next chapter, cxamples are given of how far we have come
on the path rowards good watercourses.
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6. How much has been accomplished?

The new Watercourse Act has now becn in effect for
approx. 10 years. The watercourses were not changed
overnight by the Act, though. In some arcas, good
progress has been made by introducing gentle main-
tenance practices. In other areas, however, the process
has only just begun. The task has not been tackled in
the same manner by the different watercourse autho-
rities. Neverthcless, the path to more gentle treatment
of watercourses is a process that is in motion. Gentle
maintenance 1s not only practised where new Provi-
sional Orders have been issued, but also in many wa-
tercourses for which new Provisional Orders have not
yet been issued.

Many diffcrent forms of restoration have been under-
taken. In most cases the aim has becn to improve the
tish population, c.g. by cstablishing ncw spawning
grounds or by ensuring frce passage at obstructions.
There have been considerably fewer projects aiming at
a more general improvement in the environmental
conditions of watercoursces, e.g. remeandering.

The combatting of watercourse pollution has necessi-
tated considerable investment in sewage treatment
plants, but this has seldom been sufficient to ensure a
better watercourse quality. In this connection 1t is im-
portant to underline that clean water alone does not
make a good watercourse. Gentle maintenance and
rcstoration measures are also necded, and can often
“upgrade” a watercourse to a higher class with respect
to level of pollution. Combatting pollution and cnsur-
ing good physical conditions arc two necessary steps
on the path towards good watercourse quality.

This chapter provides an estimate of the extent to
which our watercourses are maintained in a gentle
manner, as well as examples of how much progress
has been made with the different means of restora-
tion, and what this means to our watercourses.
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How many watercourses need to be gently main-
tained?

If one wants to recreate good physical conditions in watcer-
courses It 1S necessary to concentrate efforts on those water-
courses for which the watcrcourse quality objective requires
especially good environmental conditions. The objects clause
of the new Watercourse Act reads: “The stipulation and im-
plementation of measures in conformity with the Act shall be
conducted with deference to stipulations concerning water-
course cnvirenmental quality laid down in other legislaton”,
By “measures™ is mainly meant maintenance, and by “other
legislation” is especially meant the environmental require-
ments that follow from the watercourse quality objectives gi-
ven in each county’s Regional Plan.

Gentle maintenance is particularly necessary in watercourses
where the watercourse quality objective ts fish waters (B) or wa-
tercourses of special scicnufic interest (A). Such wartercourses
should be given priority with respect to gentle maintenance,
restoration and the re-cstablishment of natural conditions.
Gentle maintenance 1s also of valuce in ochreous watercourses
(see page 87) since weed borders and a higher water level can
lead to the ochre being retained. Watercourses having A and
B watcrcourse quality objectives will hereafter be referred to
as high quality objective watercourses.

When evaluating how much work nceds to be done and how
much progress has already been made, a good starting point
is the sum length of watercourses (divided into public and
private watercourscs) and their quality objectives (Figure
1.20, as discusscd on page 35). Such analysis indicates that
gentle maintenance should primartly be implemented in the
just under 15,000 km of public high quality objective watcr-
course and as a minimum, in the 4,000 km of private water-
course so far designared as high quality objective watercoursc.
To this should be added a large numbcer of small private wa-
tercourses of unknown sum length for which a watercourse
quality objective has not vet been set.

When estimating how much of our watercourses is gently main-
tained, 1t 1s necessary to know what gentle maintenance is.
The term is explained and defined at the beginning of this
book (page 15), the definition being the basis for understand-
ing what I mecan when using the term elsewhere in the book.
The information about gentle maintcnance that has been
gathered from Provisional Orders, instructions, ctc., largely
agrees with the description given on page 15. The require-



Figure 6.1 Gente
mainienance s under-
taken tn virtwally all
high quality objective
COURTY TWALEFCOUTSES.

ments they make as to watercourse maintenance are largely in
accordance with the expectations of the Watercourse Act, 1.e.
that maintenance shall be undertaken in a manner that en-
surcs watercourscs better environmental conditions than does
traditional maintenance. This does not mean that gentle main-
tenance is undertaken identically in the various counties and
municipalities, however. Thus maintenance can be adapted to
the special conditions pertaining in the watercourses as influ-
enced by nature and society, and can depend on how in-
tenscly the adjacent land is cultivared. Furthermore, main-
tenance can be adapted to local ideas of what it mecant by
gentle maintenance.

Thus as used below, gentle maintenance is maintenance
where, depending on the nature of the watercourse, cither the
weed is not cleared at all, or is only cleared in a meandering
or straight current channel. The bank vegetation is cither not
cleared at all, or only cleared during the autumn. If dredging
is necessary it is done during rthe aurumn, before trout spawn.
Dredging must not damage the stone or gravel bed, nor over-
hanging banks. Gentle maintenance is usually undertaken
with a scythe, or at times with a basket reaper. In larger wa-
tercourscs it can be necessary to use a weed clearance boat.
Onc common feature is that it is not the tool that determines
whether maintenance is gentle or not, but the way in which
the tool ts used.

How much progress have the Counties made?
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There are approx. 5,000 km of county watercourse in Den-
mark, the majority being accounted for by large watercourses.
Most of these, approx. 4,600 km, are high quality objective wa-
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tercourses, and it is therefore necessary to maintain them in a
gentle manner to ensure fulfilment of the objectives. The dead-
lin¢ for bringing the Provisional Orders governing county wa-
tercourscs in line with the new Watercourse Act was originally
the end of 1992, but has since been extended to mid 1996. The
Counties have long since initiated gentle maintenance, more or
less independent of the final Provisional Orders.

Figure 6.1 illustrates the extent of environmentally sound main-
tenance in some countics (1). Examples of watercourses where
gentle maintenance 18 not practised are channels in dyke- and
drainage association systems.

The principles governing the way a County maintains its wa-
tercourscs arc laid down in the final Provisional Orders, in
supplementary Provisional Orders or in instructions to the
watercourse maintenance personnel. Characteristic of these
principles is that they generally ensure watercourses better
physical conditions {for a varied flora and fauna rhan when
they were mainrained using traditional methods.

In Nordjvlland County, a current channel is usually cleared
through the weed in the high quality objective watercourses,
although in some watercourses the weed is not cleared at all.
The County also administers a number of slowly flowing
watercourses, among others a number of dyke- and drainage
assocration systems. In these cases the weed is normally clear-
ed in the entire width of the watercourse and dredging is re-
gularly undertaken to counteract deposition.

In Viborg County, a straight or mcandering current channel is
cleared through the weed depending on whether or not the
watcrcourse 1s lined by dykes. Dredging is seldom undcrtaken
and only very locally. Dredging was not undertaken during
the period 1989-93, but this resulted in problems with depo-
sition 1n the lowest 1-2 km of some streams running into Lim-
fjorden fjord. Ringkjebing County only dredges and uscs tra-
dicional weed clearance practices in slowly flowing channels,
etc., totalling 22.9 km. Vejle County has ceascd weed clear-
ance all together in some watercourses, for cxample in Byg-
holm A stream, where weed was not cleared from 1988-93,
The cost of maintcnance has fallen with rthe shift to more
gentle maintenance. Up to 1975, 23 maintenance workers
were employed during the summer period and 6 during the
winter period to maintain 110 km of county watercourse.
From 1975 to 1985, 13 workers were employed year round to
maintain 224 km of county watercourse. Since 1988, only 8
workers are cmiploved during the year.



Figure 6.2 Warercourse
maintenance practices in
Funen County depend on
conditions in the mdroi-
dual watercourses,

Tipe 1: No maintenance
except removal of plastic
liteer, etc.; Type 2: Gentle
weed clearance only; Tupes
3 & 4 Weed clearance
and if necessary, dredgimg.

Figurc 6.2 illustrates how Funen County maintains its 573 km
of watercourse, 426 km of which are maintained in a gentle
manncr (Iype 1 and 2 watercourses).

These examples show that the expectations of the new Water-
course Act with respect to gentle watercourse maintenance
have largely been fulfilled for the high quality objective water-
courscs for which the Counties are the watercourse authority.
The watercourses where traditional weed clearance and dredg-
ing is undertaken are watercourses with shallow gradients, for
example in low-lying arcas near outlets to fjords.

Funen County (573 km)
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How much progress have the Municipalities made?

Only a few Municipahties have so far brought their Provision-
al Orders in line with the new Watercourse Act. Thus at the
end of 1992, new Provisional Orders had yet to be issued for
approx. 11,000 km (75%) of municipal watercourse (2). The
deadline for new Provisional Orders was originally the end of
1992, but has since been postponed until | July 1996, How-
ever, this does not mean that the new Watercourse Act has
not had a positive impact on municipal watercourses; the ex-~
amples given in Chapter 2 testify to this. Just as with the coun-
ty watercourses, in fact, the transition has long been progress-
ing.

Senderjylland County has analyzed maintenance of municipal
watercourses within the county (3). Of the approx. 3,500 km
of municipal watercourse, new Provisional Orders had only
been issued for 38.5 km (approx. 1.1%) by summer 1992,
Nevertheless, the new Watercourse Act has still had an effect;
in 18 of the 23 municipalities, changes from traditional to
gentle maintenance have been implemented in a number of
watercourses.
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Figure 6.3 Esumare of
BLAIRLeNnace praciices i
municipal watercourses
1990.
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A survey of 171 munictpalities in 1990 (4) gives an indicarion
of how much progress had been made up to that time. The
survey, hereafter referred to as the 1990-Survey, was based on
questionnaires covering more than 10,000 km of municipal
watercourse (Figure 6.3). In approx. 25% of these watercour-
ses, weed clearance was restricted to clearing a current chan-
nel and in approx. 12% the weed was cleared in some other
environmentally sound manner. Thus between one quarter
and one third of rhes¢ municipal watcrcourses are maintamed
in an environmentally sound manner. (The term “ecnviron-
mentally sound” was used m the questionnaire, and not the
term “gentle”).

Within a certain margin of error, the survey findings (which
refate to 10,300 km of watercourse in 171 municipalities) can
be extrapolated to cover watercourses in all 275 municipalities
in Denmark. Simple projection of the 10,300 km in 171 mu-
nicipalitics to the full 275 municipalities gives a watercourse
length of 16,564 km, which is close to the 17,500 km (includ-
ing culverts) that stems from the Danish Environmental Pro-
tection Agency’s 1992 watercourse inventory (see page 35).
No information 1s available on the distribution of watercourse
quality objectives for the 10,300 km of watercourse included

in the 1990-Survey. However, there 1s reason to assume that

environmentally sound maintenance 1s mainly directed at high
quality objective watercourses,



Figure 6.4 Watercourse
quality objectives and
PHATHICHANCE Praclices ih
Thisted Municipality.
Adapted from (5).
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The 1990-Survey findings can also, with some reservation, be
extrapolated to cover all municipal watercoursces for which the
quality objectives are so high that they should be¢ maintained
in a gentle manner, i.e. approx. 10,000 km, ¢xcluding ochre-
ous watercourses. Extrapolation from the 25% of watercour-
ses n the 1990-Survey in which weed clearance 18 restricted
to clearing a current channel to all 275 municipalities indi-
cates that approx. 4,000 km of watercourse is maintained in
that way, i.e. onc third of all municipal high quality objective
watercourses. If one also includes the 1,300 km in which (ac-
cording to the 1990-Survey) other methods of gentle weed
clearance are used, and then extrapolates to all 275 municipa-
lities, one finds thar approx. 5,500 km of watercourse 1s main-
tained using more or less gentle weed clearance, 1.e. approx.
half of all the municipal high quality objective watercourses.
The 1990-Survey supports the information given in Chapter
2 that Municipalities throughout the country are making
good progress on implementing gentle watercourse mainten-
ance practices. One can make the reservation that the 1990-
Survey does not specify what 1s meant by gentle (environmen-
tally sound) maintenance; however, that gentle maintenance
is in fact being introduced in the municipalities is confirmed
by more recent random checks (5).

In Thisted Municipality therc are 135 km of municipal water-
course, of which 125 km arc open. For the most part, just
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1able 6.1 1993 -
Random checks of mu-
nictpal maintenance
practices.

over 100 km, the watercourse quality objectives are high (Fig-
urc 6.4). Gentic weed clearance with a scythe is undertaken
in 41.9 km of these warercourses. As shown on page 72, good
results have been achieved. When cvaluating the extent of
gentle weed clearance it 18 necessary to take into considera-
tion that many of the watercourses in the municipality have a
very shallow gradient and that many of their beds are too soft
to walk on; it 1s therefore not possible to use a scythe, and
clearance has to be undertaken by basket reaper.

In Thisted Municipality, gentle weed clearance is no cheaper
than traditional methods because morce frequent weed clear-
ance is nccessary in order to ¢nsure that the current channel
docs not close up. In Vejen Municipality, where gentle main-
tenance has been practised since 1986 (page 71), gentle weed
clearance 1s undertaken in all high quality objective water-
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Figure 6.5 Warer-
course maintenance
practices in Neestved
Municrpality 1988 and
1993,

courses (A and B), as well as in ochreous watercoursces, Dredg-
ing is not undertaken in such watcrcourses cither. An analysis
shows that gentle weed clecarance is practised in 32 water-
courses totalling 105.8 km, while traditional maintenance
{(dredging, full-width weed clearance) is pracused in 29 water-
courses, of which 28 (26 km in all) have water drainage as
their quality objective. Random checks made in a number of
municipalitics n 1993 show the same pattern, i.e. that gentle
maintenance is gaining acceptance (Table 6.1). This progress
can be observed in Nastved Municipality’s 64 km of munici-
pal watercourse, of which 53 km are open. Thus while gentle
weed clearance was only practised in 14 km of the open wa-
tercourse in 1988, by 1993 it was practised in all 53 km, all of
which is high guality objective watercourse (Figure 6.5).

km 1988 1993

Traditional Gentle

Gentle

These examples indicate that the gentic maintcnance required
by the new Watercourse Act is also starting to become domi-
nant in the municipal watercourses.

On the other hand, no information 1s available on the main-
tenance of private watercourses. 1o date, endeavours to intro-
duce gentle maintenance have presumably becn very limited
in the private watcrcourses. Being the watercourse authorities
for private watercourses, the Municipalities have to control
that maintenance complics with the provisions of the Water-
course Act and, if onc has been designated, that the water-
course quality objective is attained. The Countics are also
able to influence the maintenance of the private watercourses
that are registered as “especially vatluable™ (Section 3 of the
Protection of Nature Act, and Section 43 of the old Conserva-
tion of Nature Act) in instances where maintenance involves
stich extensive dredging that ir changes the physical torm of the
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County

-z Municipal

Figuvre 6.6 Estimate of
the extent of gentle
matntenance practices in
county, municipal and
Private watercourses.

Figure 6.7 Distribution
by county of watercourses
that hawve retained their
natural form (adapted
from (6)), and of dratned
areas (adapted from (7)).
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watercourse. The protection accorded by Section 3 does not
apply to normal maintenance though, e.g. weed clearance and
normal dredging. However, in step with the cessation of culti-
vation of many mecadows along small watcrcourses, it can be
presumed that interest in the latter for drainage purposes will
decline and that maintenance of them will also ceasc.

It would undoubtedly be beneficial if the information campaign
previously directed at public watercourses were also to be di-
rected at private watercourscs.

Figure 6.6 illustrates a preliminary estimate of the progress
made with respect to gentle maintenance of both public and
private high quality objective watcrcourses.

Drained
% of total % . area
30 County drained | 1,000 ha
’ | Nordiylland T30 | s
i e
‘ Arhus’
T 0 Ringkjebing e 112
Vele 48| o8
Ribe 32| 67
Sondgeryiand 62 | 183
Funen 55 | 135
. Vestsjeellanc 8 ¢ 182

skilde 57 33
B éderiksborg T 71 45 -
- _é-t;)'rstrem S 780 148 )
T -_mbapenhagen o a . =
'.ﬁé &;ha'ﬁ_?. ..... _6_‘:.]_“"_??_? .




Table 6.2 Examples of

Darnish watercourse
restoration projects in-
olving remeandering.

Adapied from (8).

New meanders

Only few of the natural warercoursces have prescrved their na-
tural paths. By studying detailed maps it has been estimated
that Denmark has only approx. 880 km of watercourse left
that have rctained their natural meanders. There is no exact
figure as to how many watcrcourses are of natural origin. One
estimatc is approx. 25-30,000 km, with the rest being man-
made channels. In other words, approx. 3% of the original
natural watercourses have preserved traces of their original
form (6). There is considerable geographical variation in the
distribution of Danish watercourses that maintained their na-
tural form (Figure 6.7); almost none remain on the island
part of Denmark, whereas there are still some natural water-
courses in several parts of Jutland. This regional variation
correlates with how intensively the arcas in question have
been culuvated through the ages.

In Chapter 2 it was discussed how watercourses will begin to
wind along a current channel when gently maintained; how-
ever, it can take a very long time for a watercourse to form
new meander bends. Thus if one wants to remeandet a water-
course it is necessary cither to wait a long time, or to excavate
new meanders. Fxtremely good results have been obtained

Locarion Length {m) Price DRK | Work in additien
Before After | thousands 1o remeandering

Rind A, Arnborg 1,&00 2,350 1,000 r Qchre reatment plant

Idom A, Helstebro 280 570 70

Brede A, Bredebro 2,680 3,130 1.700

[undgaard Bak, Arden 32 250 l

St Vejle A, Albertslund 1,400 1,564 2,000

Gielsa, Bevroft 1,340 1,850 1,000 Plant {400,000}

Landeby Bk, Logumkloster 475 775 1,500 | Mill dam

Gron A 050 1450 970

Frojk Bk, Holstebro i 650 1,100 | 650 1 Derainment basin

Guldager Mallebizk, Bsbyerg 1,377 1,833 285

Taps A 250 300 1,50¢0  Fish ladder and dam

Kikhancrenden 420 | | 55300 Detainment basin

Holmehave Bk, Funen | 800 LI 200 Sluice system {73,000

Hasletbek, Funen 300 450 6l

Lindved A, Funen 1.000 1RO 840 Agueduct (175,000

Stokkebzk, Funen 508 640 477 Bridge {87.000%

Puge Melled 370 150 | §15 1 Bridge (91,000]

173




174

with the latter approach in several places in Denmark during
recent years. Thus the remeandering of Rind A stream has led
to the ochre being retained, while in Idom A stream the fish
population has increased and in Brede A river and Gelsd stream
the flora and fauna have become more diverse.

Examples of watcrcourses that have been remeandered are
given in Table 6.2, ITn many others a winding course has been
established within the confinges of a more or less straight wa-
tercourse path. In addition to the remeandered watercourses
shown in Table 6.2, several smaller watercourse reaches have
been remeandered as part of various other projects.

The cost of remeandering a channclized watercourse varies
considerably. An c¢stimated average 1s approx. DKK 5-
600,000 per km. The cost depends not only on the size of the
watcrcourse, but also on what kind of follow-up work is necd-
ed. The Gels stream restoration project cost approx. KK 1
million per km, but that included expenses for relaying
sewage drains, etc. The “pure” restoration work cost approx.
DKK 600,000 per km. Watercourses can also be remcander-
ed for considerably less, however, an cxample being Idom A
and Rind A streams in Ringkjobing County (page 149, 151),
which were remeandered at a cost of approx. DKK 250,000
per km.

By the end of 1993, hardly more than 20-25 km of water-
course had been remeandered, an insignificant length in com-
parison to the many thousand kilometres of channelized wa-
tercourse. Regardless of whether the cost for remeandering is
DKK 100,000 or DKK 1,000,000 per km watercourse, it is
difficult to 1imagine that it 1s through such projects that good
watercourse quality is to be restored to channelized water-
courses, there being scveral cheaper vet good alternatives.
One of these could be current concentrators. As of September
1990, that form of restoration had been undertaken in ap-
prox. 23 km of watercourse (9).

I’he means to improve watcercourse form will in most cases
undoubtedly be gentle maintenance. For the time being reme-
andering will probably be the exception in the work to recreate
good watercourses. However, it might play a role in the restora-
tion of especially valuable watercourses and, moreover, in cre-
ating a positive awarcness of the way we treat our watercour-
SC8.



Table 6.3 Some cxamples of culverted weatercourses thar have been
re-exposed. Adapted from (8).

Location ‘ Length Price DKK
m. thousands

Enggard, Gram 1,560 230
Brook ncar Skyedstrup 310 104
Smak Mallea, Logstar 300 ' 338 1987, 1991
Smak Muellebak ; 400 90 1993 (upstream)
Lindal, Ry 170 32
Fiskcbakken, Holmegard 300 40
Isholm Landgreft 290 75 Incl. inlets, ctc.
Ostkaer Bak, Blivands huk 600 : 600
Tjeerby Bak, Randcrs 500 250 Bank borders, etc.
Kestrup Bak, Haderslev ‘ 673 121
Barmoseskoven, Arhus 6,000 50 . Depthof 1.3 m

- - - - 6,000 150 i Depth of 2.5 m

Re-exposing watercourses

An unknown number of watcrcourses have been culverted.
The 1992 watercourse inventory (10) shows that approx.
3,000 km of municipal watercourse and approx. 60 km of coun-
ty watercourse are culverted, while the extent of culverted pri-
vate watercourses is unknown. Several of the projects that the
Danish Environmental Protection Agency has supported in
recent ycars have involved the re-exposing of culverted water-
courscs. Some of the more important projects are listed in
Table 6.3. An estimatc of the extent to which culverted water-
courses have been re-exposed indicates a total length of less
than 20 km up to the end of 1993, The costs vary consider-
ably, but an estimated average s DIKIKK 100-200,000 per km.

As far as concerns culverted watercourses, however, there is
no alternative to re-exposing them. It is therefore necessary to
prioritize and carefully cvaluate the valuc for the watercourse
and its system of re-exposing the culverted scction. An obvi-
ous example of a culvert to which priority should be given is
when the final reach of a small especially valuable watercourse
1s culverted as 1t passes through a meadow before flowing into
a larger watercourse.
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Figuvre 6.8 Restoration
projects tn Ribe County.

Figure 6.9 Warercourse
restoration projects in
Ribe Counry 1987-92.
Adapted from (11).
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Table 6.4 Watercourse obstructions eliminated m Viborg Gounty grouped by rvpe. Adapted from (13).

I Completed (as of 30.09.93) Initiated (as of 30.09.93)

Road culverts

38 11
Field culverts, drains, etc. 6 2
Ruftles 2 4
Weirs 19 11
Rail culverts 1 2
Dams 10 9
Total 76 39

Access o)

202.9 km + 4 lakes

30,7 km + 17 lakes

Table 6.5 Witercourse obstructions eliminated in Viborg County grouped by severity. Adapted from (13).

Extent of Completed
obstruction {as of 30.09.93)
Total 19
Scrious 13
Sclective 34

Less serious 10

|

Ininated

(as of 30.09.93)

— 1V Q0

/ .

i‘l L ]

Horsens
Give

Figure 6.10 Wazer- .
COurse resloralion projects

., s Kolding
in Vegle County 1987-92.

Adapred from (12). o e
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Table 6.6 Watercourse
obstructions eliminated

mn Thisted Municipality:

Status as of 1993.
Adapred from (14).

178

2 ftish farm dams - lack 2
1 concrete strucrures

17 road and ficld underpasses

G culverts ¢ lack 3

5 Drop manholes

T

'L 34 inall - lack 5
Financing

Viborg County ... .. DRKE 128,000

Damsh EPA ... ... DKEK 166,000

Ovther o DKK 4,000

Thisted Municipality... DK 150,000 + uncmployment
benefit recipients

Total DKK 448,000

+ own statt + material
+ own planning

Restoration of free passage at obstructions

Of the approx. 100 projects that the Danish Environmental Pro-
tection Agency supported financially over the period 1984-90,
66 concerned the removal of obstructions hindering the free pas-
sage of fish. The corresponding figures from 1992-93 also show
a preponderance of funds being used to subsidize climination of
obstructions. In Arhus County there is a clear tendency to move
away from fish ladders and instead establish other solutions such
as riftles and bypasses; these can be passed by all fish and inver-
rebrates, and they blend more naturally in with the watercourse
surroundings (15). A summary of restoration projects undertak-
en in Ribe County (Figurce 6.8) (16} shows that by far the ma-
jority of projects concern the restoration of free passage for fish,
both in county and municipal watcrcourses.

The work done 1n Ribe County gives a good 1dea of how much
progress has been made with this and other forms of water-
course restoration (Figurc 6.9): the 56 projects identified in Fi-
gure 6.9 involved the elimination of 41 obstructions in county
watercourscs and 67 obstructions In municipal watercourses,
as well as the cstablishment of a large number of spawning
grounds and the undertaking of a number of other restoration
measures. Vejle County had also undertaken numerous projects
by the end of 1992 (Figurc 6.10). In Funen County, where
there were once approx. 200 obstructions, the County had
established passes at 122 of them by the end of 1993; they in-
clude 3 bypass streams, 19 fish ladders and 58 riffles, while 42



Figure 6.11 Large
areas of Ribe County
are still closed 1o the free
passage of fish. Adapred
from (17).

Figure 6.12 Free pas-
sage has now been re-
stored at 10 obstructions
m Arna stream. Adapt-
ed from (18).

obstructions were simply demolished. In collaboration with 1ts
Municipalities, Nordjylland County has climinatcd 44 obstruc-
tions over the period 1989-91, thereby opening approx. 100
km of watercourse to access by fish.

When prioritizing the work with obstructions, great weight is at-
tached to how great and important a watercourse arca the fish
will gain access to. Thus access may be gained to large parts of
the watercourse system (Figure 6.11). Such was the case when
the entire Hjortvad A stream system was opened (sec page 126),
and in Senderjylland County the end is now in sight for the nu-
merous obstructions in the county watercourses. The restora-
tion of passage at the obstructions has been tackled systemati-
cally such that by the end of 1993, all the weirs in Arné stream
had been replaced by riffles (Figure 6.12) and by the end of
1994 all obstructions in the county watercourses should be
gone, though with the possible exception of some obstructions
that the county shares with Germany (sec Figure 6.13). Noncthe-
less, there are still a number of obstructions remaining in the
county in municipal and private watercourscs.

Wigerconose reaches where fish cimoot mgrate freely

S

T

1k
!
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Figure 6.13 Status of
ObSIFUCHIONS 11 COURLY
watercourses in Sender-
lland County. Adapred
from (18).

Figuvre 6.14 Status of
obstructions tm Thisted
Municipaliry 1993,
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In Viborg County, approx. 400 watcrcourse obstructions have
been counted. As of autumn 1993, passage had been restored at
76 obstructons and was in the process of being restored at a
further 39 (Tables 6.4 and 6.5). A good example from Viborg
County is Thisted Municipality, where only 6 of 34 obstructions
remain (Figure 6.14; Table 6.6). Those that do remain arc serious
obstructions that will be expensive to remaove,



Figure 6.15 Appor-
tiorment of restoration
expenses in Veple County
1986-92. The total ex-
penditure was DKK 9
mittlion. Adapred from

(19).

What do the restoration measures cost?

There is no clear indication whether gentle maintenance is cheap-~
er or more expensive than traditional practices. In some places it
18 more expensive, while in others 1t 18 cheaper - just as examples
in the book show. It is obvious that if considerably less dredging
Is to be undertaken than previously, then there I1s money to be
saved (se¢ page 86, for example). The same applies if weed
clearance 1s no longer to be undertaken in a warercourse as for
example in Bygholm A stream in Vejle County. However, if weed
clcarance has to be undertaken more frequently than before
{when it was only necessary to clear on one or two fixed occa-
sions), then costs may be greater. Nevertheless, in relation to the
improvements bestowed on watercourses by gentle maintenance,
the additional expenses are completely insignificant in compari-
son to the expenditure on the treatment of sewage. Voer A
stream is also an example of the fact that gentle weed clearance
provides much more mmprovement per unit cost than do actual
restoration measures (page 46).

As 1s apparcent from this chapter, it can be somewhat expensive

10 re-expose culverted watcrcourses and remeander channelized
watercourses, as it can be to remove large obstructions.

Municipalities (0.6%)

/— Vejle County (37.0%)

Minislry of the Environment (62.4%) f\

In order to cncourage restoration work, the Watercourse Act
opened the way for such projects to be subsidized. The sup-
port was given to cover additional expenses assoctated with the
projects, i.¢. material, additional manpower and additonal ex-
penses incurred by the watercourse authority’s own personnel.
In the beginning, 75% of admissible expenses were generally
subsidized. A clear precondition was that the project should
benefit watercourse quality. In recent years the subsidics have
been reduced in order to be able to support a greater number
of projects. Thus when replacing a weir with a riffle, the sup-
port given by the Danish Environmental Protection Agency
will typically amount to 30%, while that for re-cxposing cul-
verted sections or remcandering channelized reaches can be
40%. This reflects the Fact that higher priority is given to pro-
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Table 6.7 Restoration
project subsidy rules for
Vejle County.

jects with wider environmentat valuc than to projects primarily
of benefit to fishing interests. In those cascs where support 1s
also provided from other sources, e.g. the Nature Restoration
Fund, support from the Danish Environmental Protection
Agency can be even lower (15%, for example).

The watcrcourse authorities must cover the remaining costs.
Ag an cxample, cost apportionment and subsidy rules for
Vejle County arc shown in Figure 6.15 and Table 6.7.

Major obstacles: —‘
Established before 19.07.1988: ............. 100% subsidy

Established after 19.07.1988:
- no right of passage stipulated in ruling...50% subsidy
- right of passage stipulated in ruling........ 25% subsidy

Repairing inefficient fish ladders ............ 100% subsidy

Minor obstacles:

The watercourse authoriry itself takes care of minor
obstacles, usually with the advice and guidance of the
county authoritics

In step with growing cxperience in watgrcourse restoration at
both county and municipal level, costs have in many cascs
fallen. The lesson has been lcarned that simple restoration
measures are often all that is needed. The current attitude is
usually to aim for as much “environment” as possible for the
money. A good example of this attitude from Viborg County
1s given in Box 6.1.

Box 6.1 Experience from Viborg County concerning the re-establishment of fish passages and
spawning grounds. Adapied from (13).

Economy

Under the motto “as many passages as possible for the money” deliberate at-
tempts are made to hold project planning expenses at as low a level as possible,
particularly with small projects. The “project” has therefore often been no more
than a hand-drawn sketch on an A4 sheet of paper based on a few on-site measu-
rements that is handed to those wha are to carry out the work.

It has only been necessary to prepare real project plans with detailed measure-
ments, drawings, etc., in the casc of large projects that are important from the
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drainage or financial point of view, and for those projects for which subsidies have
to be sought from other sources.

When planning expenses are kept at such a low level there is obviously a risk that
problems may subscquently arise with insufficient drainage upstream of the riftle,
thus resulting in complaints from landowners. Another risk is that onc might se-
lect material of too small a size, with the result that the riffle is destroyed by ex-
ceptionally high discharge.

However, of the 76 projects that have so far been undertaken in Viborg County,
such problems have only arisen twice! In both cases the problems could be recti-
fied by a minor adjustment of the riffles, and at a cost significantly lower than that
of a set of super architect-designed project plans that might have prevented the
problems from arising. Expressed in another way: The stones can in most cases
be dug up and replaced at least 10 times for the price of detailed architect-design-
cd project plans. Hence, except for very large projects, such plans must thercfore
be considered superfluous.

Follow-up studies

With the passage restoration projects so far undertaken, only very Hmited resources
have been available to study the upstream and downstream fish population prior to
and following removal of the obstruction. However, as the establishment of riffles
with a gradient of approx. 10%. has been tried and rtested ar numerous places in
Denmark, it is quite certain that such riffles actually provide sufficient passage and
addiuonal studies are therefore not necessary in every case. Nevertheless, fish popu-
lation studies will still be underraken in connection with some projects in order to
directly demonstrate the development of the fish population,

Do the watercourses improve?

Chapter 2 presents examples demonstrating that gentle main-
tenance and other environmentally sound treatment of water-
courses have a bencticial impact on the flora and fauna. It would
be useful if one could evaluate what impact these endeavours
(together with those to combat pollution) have had on Danish
watercourses.

Nordjvlland County has found the trout population to
satisfactory at 80 stations in some Vendsyssel watercourses; at
61 of these stations this development was considered to be
primarily attributable to the gentle maintenance now practi-
sed in these watercourses. At a further 84 stations the trout
population was unsatisfactory, in 48 cascs this being blamed
on hard-handed maintenance (20).
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Ribe County published an appraisal of fish population develop-
ment in its watercourses in 1993 (17), This showed that over
the last decade there had been a marked improvement in the
trout population of the 990 ki of watercourse in the county
designated as “salmonid waters”. Thus while at the beginning
of the 80’ the trout population was only satisfactory in 30%
of the watercourses, and there were no trout at all in 40%, by
the beginning of the 90’s the trout population was satisfactory
in 51% of the watercourses (Figure 6.16).

30% 30% 40%

1980-85

A7% 21% 32%

1986-89

51% 2%

1990-92

o | =
otz || =

Figure 6.16 Dnprove-
ment 11 the trout popu- [ 1 satisfactory trout stock

lation tn Ribe County. [ Scattered trout stock
Adapted from (17).

No trout stock
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Figure 6.17 A nawral
popularion of graviing
has now re-established in
Vejen A stream. Further
stocking of gravling is no
longer necessary there.

Adapted from (17).

Improvement in the fish population 1s not only attributable to
stocking. Figure 6.17 shows that the majority of grayling in
Vejen A stream are small. The natural population disappeared
in the 60’s. Stocking of the stream with grayling has since
been undertaken on sceveral occasions, the last time being in
1986. However, cxamination of the population in 1992 reveal-
ed numcrous vearlings, thus indicating that a narural popula-
tion of grayling was starting to re-establish in the stream. They
are born in the watcrcourse as part of a natural population,
just as is also the case with the trout population in a tributary
of the river Kongea (Figure 3.15).

1 year old 2 year old 3 year old
fish fish fish

30

20

Number

T IR

20 30 40
Length {cm)

Do the watercourses become cleaner?

Many conditions have to be in order before good watercourse
quality can be attained. Efforts to ¢nsure cleaner watcer in the
watcrcourses have a common denominator in all watercour-
s¢s: The watercourses must not be polluted, although the de-
gree of pollution, i.¢. the watercourse class (sec page 32), can
vary slightly depending on the designated objective. The main
aim is to ensure that no watercourse exceeds pollution class
I1-111 and that the majority of watercourses are in class I or 1.

In V¢jle County, analysis has been undertaken of the trend at
1,215 watercourse sampling stations that have been regularly
monitored since 1970 (21). The stations were evaluated ac-
cording to pollution class (I-1V). At 29% of the stations con-
ditions have improved by at least one whole “class”, while at
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3% they have deteriorated by at feast one half class. Those sta-
tions that “only” improved by half a class were not counted as
having improved. Figure 6.18, which covers the period 1987-
1991, reveals that conditions have improved during that time,

Therc are fewer polluted reaches of class III, and a greater num-
ber of “clean” reaches, 1.¢. class I and II reaches. Most reaches are
class 11 and II-II1, with an increase in II-HT and a decrease in 11

Condition improved
_ /  atleast a whole class
- .-/ 354 stations (29%)

W

Condition unchanged

or only changed \
half a class
Figure 6.18 The qual- 829 stations (68%)

ity of many watercourse . _
, { h 3 iproved i Condition deteriorated
reaches has improved in by at least a whole class
Vegle Countv. Adapied 28 stations (3%)

Sfrom (21).

U County watercourses
60
-
50 1 "
40 { [ 2 1.
30 1|
% £ m
: [
20 1 2 %
10 1 %z
B i1
84 88 89 ac g1 a2
% Municipal and private watarcourses
50

Figure 6.19 Counry
watercourses have be-
come much cleaner o
Funen. However, there
are still problems with
the smaller watercourses,

AN RN

AN

-

as well as mcidents of 86 88 B9 30 91
pestrcide poisoning. i ‘
© 7 N Poisoned by
Adapred from (22). D LI LI . /- T . pesticides éte. Other
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Figure 6,20 Stwne
beds in watercourses pro-
vide a habilat for many
clean-warer macromuver-
tebrares.

A similar positive development has also been observed in Fu-
nen County. There has been a very clear improvement in the
pollutional state of the 550 km of county watcrcourse (Figure
6.19}. Thus the percentage “clean™, i.c. class 1, I-II and II
watcercourses has increased from approx. 30% in 1984 to ap-
prox. 530 % in 1992, while that of polluted watercourses in
class III and worse has decrcased from approx. 20% in 1984
to approx. 3% in 1992, The picture is not quite so rosy for
the 790 km of smaller municipal watercourse, however. Thus
although therc are more clean and fewer polluted watercour-
ses, there is also a large “grey zone”, where watercourses are
neither particularly clean nor particularly polluted.

The problem watercourses in FFunen and Vejle Countics
resemble each other in that most are small with a weak current
and uniform physical conditions. Their poor condition 1s duc
to a combination of pollution from small sewage outfalls, par-
tcularly septic tanks, and the poor ability of the watercourses
to metabolize the pollutants. Vejle County closcly examined
this problem in three municipalitics (lable 1.1, p. 28). It was
found that pollution from septic tanks and suchlike was the
causc of the problems in about a quarter of the watercourses,
while poor physical conditions was the causc in about half of
the watercourses. The physical conditions and pollutional state
of a watercourse go hand in hand, maintenance being one of
the factors determining a watcrcourse’s quality class.

iz,

Better habitats - better “classes”

In order to determine a watercourse’s “quality class”, one in-
vestigates what macroinvertcbrates inhabit it, as explained on
page 32. The so-called clean-water macroinvertebrates can
only live where the water is clean and richly oxygenated. That
is not all that is neceded, however, since the macroinverte-
bratcs also have to have somewhere to live. Many “clean-wa-
ter macroinvertebrates” live on stones (Figure 6.20). If these
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stones are covered with sand or ochre, or have been dredged
out of the watercourse, then the watercourse will be devoid of
these macroinvertebrates - regardiess of how clean the water
is. The warercourse will therefore be judged as belonging to a
poorer class than the quality of the water alone would sup-
pose. An example of this is Tvede A strcam (Table 4.5).

When stone beds replaced sand beds the number of ¢lean-wa-
ter macromvertebrates increased. The warercourse was then
rated tn a higher class, There are several similar examples
from watercourses in Arhus County (23). A better bed with
habitats for the clean-water macroinvertebrates shown in Fig-
ure 6.20 has “upgraded” watercourses from class TI-I1I to 11,
and in some cases even to I-1I. This has meant that some wa-
tercourses can now satisfy their quality objectives.

A watercourse with many different habitats will, as a rule, be
rated in a higher class than a watercourse with uniform physi-
cal conditions, even if the two watercourses are equally clean.
A watcercourse offering a large varicty of habitats with stoncs,
weed borders, gravel, cre., will be inhabited by many different
macroinvertebrates and as such, will be rated in a high quality
class. In contrast, a watercourse with a bed comprised only of
sand and having umiform coverage with plants such as bur
reed will only bc inhabited by a few species of macro-
invertebrates, although they may be present in large numbers;
as such it will be rated in a lower class.

A current channel provides a habitat for several clean-water
macroinvcrrebrates, partly on the gravel bed where the cur-
rent is strong, and partly within the weed borders. The water-
course will thus be assessed a higher quality class.

Vejle County has investigated the watercourses in Juclsminde
Municipality (24). The watercourses were rated both as regards
pollution class (I-1V) and physical condition, the latter being
rated using the same scale as used ro evaluare the suitability of
a watercourse for trout (lable 3.1, page 95). This scale ranges
from O in watercourses with the most uniform physical condi-
tions, to 5 in watercourses with the best physical conditions.

The most polluted watercourses are nearly always those in
which physical conditions are poorest (Figure 6.21). The
County concluded that a number of the watcrcourses would
undoubtedly move up into a higher class if their physical con-
dition were improved. This could be achicved by gentle main-
tenance, which 1s much cheaper than further sewage treat-
ment. However, it should once again be emphasized that
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Figure 6.21 In Fuels-
ninde Municipaliry
many of the polluted
oatercourses also have
the poorest physical con-
dittons. The watercour-
ses enclosed tn the box
would undoubtedly be
“upgraded” ro a higher
class if they were main-
tained more genily.

Adapied from (24).

Degree of pollution

gentle maintenance alone cannot replace sewage treatment or
solve the problem of pollution from septic tanks.

Hard-handed maintenance 1s undoubtedly an important reason
why watcrcourses remain in unsatistactory quality classes desp-
ite considerable effort to deal with pollution. This is reflected by
an investigation that Ribe County undertook of watercourses in
four of its municipahties (Figure 6.22) (25). The watcrcourses
in all four municipalities had been maintained in a hard-handed
manner for many years. After the introduction of ¢nvironmen-
tally sound maintenance practices in two of the municipalities
(C and D), there was a considerable mmprovement in the water-
courscs’ quality, especially in municipality C. That the cffect
was not as marked in municipality I may be because many of
the watercourses there are so troubled by ochre that their quality
class cannot be determined. However, as described on page 87,
gentle maintenance can also alleviate that problem.

In the other two municipalities the environmental condition
of the majority of the watercourses 1s still poor despite consid-
crable effort having also been made there to reduce pollution.
One of the reasons could be that watercourse maintenance in
these municipalitics is still undertaken in the traditional man-
ner.
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Figure 6.22 The per-
centage of watercourses
in four municipalities
that were clean enotgh
to meet therr quality ob-
Jecirves in 1986 and
1990, The rwo munici-
palities wwhere water-
course guality has -
proved the most (C and
D) have troduced
gentle weed clearance.
This mught explain pare
of the tmprovement.
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Watercourse “self-purification”

[t 1s not just better living conditions for macroinvertebrates that
can upgrade watercourses to a higher class. Water also becomes
cleancr in watercourses in which physical conditions arc good.
Such watercourses are self-purifying and can metabolize and
ncutralize the organic compounds with which they are polluted.
The stones and vegetation in the watercourses are covered with
a thin biological film (often referred to as a biofilm) comprised
of an enormous number of bacteria and microorganisms. These
absorb and mctabolize pollutants {from the warer, which thereby
becomes cleaner. They are the same type of microorganisms
that are employed in sewage treatment plants. However, they are
unable to deal with the phosphorus in sewage.
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T'he biofilm consumes oxygen when puritving the water. When
the watercourse has a brisk current which swirls around weed
horders and stones a constant supply of oxyeen enters the wa-
ter from the atmosphere, both day and night. Oxygen 15 also
produced by the aguatic plants, but only during the day when
there is sufficient light,

If on the other hand a watercourse 1s lazily flowing, oxygen
deficiency can arise and the self-purification process will come
to a halt. Thus when hard-handed maintenance removes the
stones and weed borders from a watercourse, it also removes
the self-purifving biofilm and decreases reacration capacity.
As a consequence, cven a slight amount of pollution will have
a noticecable impact on the watercourse.

Figure 6.23 A brook
eetth a stone bed and
brisk current has a good
reaeration capacity and
a good self-purification
capacity (top). How-
ever, this can be rumned
by hard-handed main-
tenance (bottom).
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The improvements in watercourse physical conditions that
accompany gentle maintenance and watercoursc restoration
measures can thercfore help to ensure the good quality of the
water.

This book provides many cxamples of the considerable amount
of work being done throughout the country to improve our
watercourses. While there is still much to be done, there is in-
creasing local political will to get on with gentle maintenance
and restoration measurcs, This growing interest is undoubted-
ly coupled to the fact that visible results are rapidly obtained
in the form of more pleasant watercourses containing more
fish. Even more important, though, 1s the improvement in the
abilitv of the watercourses to metabolize pollutants. Water-
coursc maintenance and restoration measures are not only of
significance for the watercourses themselves, but also for the
entire aquatic environment.

Figure 6.24 The stream
and adjacent meadozs
are being united once
agamn. Photograph by
Sonderpvlland County
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7. Conclusion

Our surroundings have always been undergoing transforma-
tion. Nature adapts to changes in climatic and geological con-
ditions and, not least, to the impact of human activity. As can
be read from the “fen books”, i.c. the remains of plants in fen
sediments, man was alrcady well on the way to changing the
watercourses’ surroundings in Denmark in the carly Iron Age.
One can “read” that our early ancestors exploited the agricul-
ture. The meadows and watercourses were n fact the actual
source of early agriculture, a role thac they preserved right up
to the middle of the present century. There was water there,
and in the watcer therc were nutrients for the crops. It was not
only in the valleys of the Nile and Euphrates that man bene-
fitted from flooding.

Exploitation of the watercourses changed them. They were
dammed so that flooding could be controlled. More than a
thousand ycars ago watercourses were regulated in order to
drive mills. In Viking times the harbours were located far in-
land, wherc the ships were better protected than on the coast;
an cxample 1s Ravningbroen bridge on the river Vejle A.

Thousands of kilometres of dirches werc built to drain the
ficids (1). At the end of the 18th century large canal systems
were built to irrigate mcadows in western Jutland, Canals
were also built to exploit the water’s energy, an example being
the canals at Ansager A and Holme A streams, which supply
encrgy to Karlsgirdevarket power station. In other parts of
the country canals were built for transportation purposes. An
example is Torpe canal on the river Susa.

If onc excludes the innumerable mill dams that have preven-
ted the free migration of salmonid fish through the watercour-
ses for a millennium or more, the most marked change in the
watcercourses 1s the pollution and channclization to which
they have been subjected during the present century.

Times have changed, however. We are now able to prevent
pollution, and the results are starting to become apparent, as
discussed in Chapter 6. We have also learnt that good drain-
age and good natural conditions are not necessarily incom-
patible. Examples arc given in Chapter 2. Moreover, we have
learnt that it 1s possible to create good fish passes.

However, it is not just a question of new insight. Times have
also changed in other ways. Thus technology has also had an
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Figure 7.1 In a wet
field the roots of crops do
not develop well.
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impact within agriculture, it now being possible to produce
more than is sufficient using a smaller and smaller area.
There 18 no longer the same need for exploiting marginal
land. The low mcadows alongside the watercourses are losing
their valuc as agricultural land. Their time has past.

Time 13 running out for meadows in more ways than one.
One of the conditions for their intensive exploitation was that
they had to be drained. In those meadows lying on peat - ap-
prox. 200,000 ha - the carth overlving the drains is disappear-
ing. The dry soil is being decomposed by bacteria and it is
compressed by the heavy farm machinery. In the course of a
few decadces the drains will be too near the surface to be able
to keep the soil dry enough for crops to thrive (Figure 7.1).

Meadows revert to a natural state

In the times when it was economical to cultivate low-lying mead-
ows, the drains were usually re-laid when they came to lic too
near the surface. At the samce umce the watercourse beds were
lowered or drainage water was pumped up. However, with cur-
rent developments in farm prices it 18 no longer cconomical to
renew the drains, Mcadows with old drains will thercfore grad-
ually revert to their natural state. Figure 7.2 summarizes the
age of drains in Ribe Counrty (2). Many of them are starting to
rcach an age at which they no longer function.



Figure 7.2 Many of the
drams are now so old that
they no longer function.
The exaniple showon 15
Jrom Ribe County,

The falling cconomic interest in low-lying meadows coincides
with the increasing application of gentle watercourse mainten-
ance practices. Irrespective of whether gentle maintenance in-
fluences drainage conditions, the new ¢cconomic perspectives
have made life easier for the river keeper (7).
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Nature’s treatment plant

Wartercourses lcad the water out to sea via lakes and fjords.
They also transport the substances that cause marine oxygen
depletion and fish kill. Technical solutions arce available for
some of the problems; for example, sewage ctfluents can be
treated. However, there arc many other sources of pollution,
e.g. ochre from drained meadows and nitrogen from culti-
vated fields. Chapters 2 and 5 give examples of how ochre
pollution can be curbed using relatively simple means. Nitro-
gen pollution can also be curbed, as in the long run can that
by phosphorus.

Gentle maintenance practices, which are increasingly taking
over, help to retain pollutants in the watercourses and their
surroundings. Part of these substances is metabolized there,
whilc the remainder is retained and hence does not reach the
lakes and fjords undl the scasons during which they cause no
damage. The National Environmental Research Institute has
been studying this for a number of vears, among other places
in Gjern A strcam (4): In spring and in summer 20-65% of the
phosphorus and nitrogen is retained and so does not reach
the lakes and fjords during summer, when it causes most dam-
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age. It is not until discharge increases in the autumn that the
part which has not been mctabolized is tlushed downstream.
If discharge is particularly great and the stream floods its
banks, many of the substances end up in the meadows. Here
they remain, cventually to be incorporated into the meadow
vegetation and subsequently to form topsoil. This 1s how mead-
OWS arise.

However, even more happens in some of the meadows that
revert to a natural state, namely the meadows based on peat,
and which are so wet that the topsoil lacks oxygen. It is in
these meadows that the nitrate thar lcaches from cultivated
fields is removed by denitrification {(Figure 7.3}, Although the
process has long been known (5), recent Danish studies have
nevertheless shown that surprisingly large amounts of nitro-
gen can be removed in this way. Just how important it actually
is for total nitrogen pollution in Denmark is unknown, but
the total area of meadows having the appropriate character-
istics is approx. 200,000 ha (6).

As an example, nitrogen removal in a meadow on Funen was
measured to be 400-600 kg NO?-N per ha per year (7). This
is a considerable amount considering that runotf from cult-
vated land is approx. 20 kg NO3-N per ha per year.

A very convineing result has been obtrained in some meadows
bordering a tributary of Gjern A stream (8): A strip of mead-
ow just 13 m wide adjacent to a cultivated field removes all
the NO?-N that leaches from the field.

Figure 7.3 Wet meadozws remove nitrate by denitrification, the
process whereby nitrate is converted to harmiless nitrogen gas.




The watercourse of the future

Irrespective of whether wet meadows can help in solving the
problem of nitrogen loading of the aquatic environment, ces-
sation of intensive cultivation of mcadows in any case pro-
vides a number of environmental benefits.

One can maintain the watcrcourses in such a way that good
natural conditions develop. Alrernatively, one can maintain
them in such a way as to provide good leisure activities such
as angling. The two arc not nccessarily compatible. Wildly
growing bank vegctation can posc a problem for anglers, vet
be beneficial for the fauna of both the watercourse and the
adjoining fields. Weed borders along the banks can make it
difficult for an angler to land a fish, bur can be of great value
for the watercourse. A bank trampled down by cattle can be
of value to many birds, yet provide little shelter for fish.

In some cases, one can refrain from maintaining watercourses
altogcther, This would bencht the larger watercourses, but in
the casc of many small watcrcourses would result in them be-
coming completely overgrown. They might become wide
swampy arcas where the water seeps away. If one wants to ap-
proximate natural conditions in the watercourses, 1.¢. have
watcrcourses that arc as far as possible “untouched by man”,
then some of them will come 1o look quite different from the
watercourses we presently consider to be “natural”. The latter
are usually distinct and well-defined meandering watercour-
ses. Some will perhaps become completely overgrown with
weeds and the water will spread over the meadows. Some will
perhaps end up with a braided course (Figure 1.7). One of
the most natural watercourses in Denmark, Holme A stream,
probably takes its name from the many islets there were along
its course, and which ar¢ typical for braided watercourses.
This watercourse presently follows a well-defined meandering
path, undoubtedly thanks to former maintenance practice.

If the meadows are left alone, they will also change from those
we know today. They will become overgrown by willow and alder
scrub that will obscure the watercourses. This type of meadow
will be a good habitat for the marsh titmousc and other smail
birds. However, the lapwing and wading birds will disappear, as
will the great variety of flowering plants found in meadows.

One has also the opportunity to decide what type of fish there
shall be in the watercourses. Maintenance and restoration are
of decisive importance with respect to whether watercourses
will in furore house a natural fish stock. The question is whether
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Figure 7.4 The future
Jfor warercourses should
be wversarile explottation
Jor leisure activities.
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onc is 1o promotc a particular population (¢.g. salmon) by
stocking and perhaps even by removing fish such as pike and
zandcr, which can threaten the salmon fry.

Once it was energy that was necded. Then 1t was water for ir-
rigation. Now it 1s more their utilization for leisure activities
that is in focus. In this case, however, the interests are legion,
and they are the basis for just as intense conflicts as have
always been associated with the usage of watercourses.

Now, when we are well on the way to restoring good natural
and cnvironmental conditions in Danish watcercourses, it 18
high time that planning took into account the various de-
mands currently made on our watercourses.

The far-sighted quality objectives laid down for our water-
courses arc discussed in Chapter 1. These have been of deci-
sive value with respect to the achievements made. They set
the coursc. However, the time 1s now ripe to draw up objce-
tives for the mosaic of various uses to which the watercourses
are now put, not least the leisurc activities.

A key word in Danish ¢nvironmental and nature protection is ver-
satility. A versatile flora and fauna was high on the list of priorities
when the Environmental Protection Act was being drawn up in the
1970s. Thus this is stated in the objects clause of the 1973 Act.

This versatility should also apply to the exploitation of the re-
stored natural resources in and near the watercourses. There
should be room for a multitude of ditfcrent activities.

“Usetul in the past. A pleasure in the future™ is the inscription
on a monument erected at the Taps Mplled stream restoration
project ncar Christiansfeld.

Let that be the book’s closing sentiment.




Notes
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