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Synopsis:
An important factor in maintaining the balance be-
tween sustaining a healthy biome in Danish streams
and ensuring adequate drainage and prevention of
flooding depends on the degree of curvature allowed
in meandering streams. This study aims to describe
the impact of the degree of curvature on the resistance
to flow in a stream through a series of analytical and
numerical methods, as well as investigate the pros and
cons of two methods for measuring hydraulic param-
eters in streams. Both the Propeller Current Meter
and the Acoustic Doppler Current Profiler (ADCP)
were found to return similar results, although the
data obtained using the ADCP was found to be more
versatile and useful in the analyses carried out fur-
ther on in the project. Data obtained from Binderup
Å was used in a series of analytical and 1-D modelling
approaches, where the resistance to flow was found to
be higher in the meandering section of the stream by
up to 39%, although this difference was found to be
lower under low-flow conditions. To isolate the effect
of the curvature of a meander, a series of flat-bedded
channels with varying curvatures were modelled in
the CFD program Star CCM+. Although the hy-
draulic structures were not directly comparable with
a natural stream, the results showed that increas-
ing degrees of curvature led to increased resistance
to flow.
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Introduction 1
1.1 Historical framework of Danish streams

Rich biodiversity is an important social, economic and ecological factor, with many social
clubs and hobbies, each with its associated industry, relying on a healthy biosphere. For
example, the recreational �shing industry in Denmark was worth a total of DKK 2.9
billion in 2010 alone, with foreign tourists contributing an estimated DKK 275 million
while employing 2,473 people [Jacobsen, 2010]. This, of course, relies on healthy �sh
populations in Danish streams, making it important to ensure the availability of suitable
habitats for these socioeconomically important organisms.

During the 1800s and up until the late 1960s, at least 90% and up to 97% of streams in
Denmark were modi�ed to maximise �ow capacity, drainage, and farmable land area, in
an e�ort to optimise the agricultural sector [Miljøstyrelsen; Brookes, 1990; Hofmeister,
2012]. This increased capacity was achieved by reducing the resistance to �ow in a stream
through the straightening and deepening of channels as well as cutting vegetation along
the banks. This, however, proved to have detrimental e�ects on the ecological systems in
and around these water bodies [Miljøstyrelsen].

The restoration of previously channelised waterways to their natural meandering state
has, however, been shown to e�ectively improve biodiversity [Pedersen et al., 2005],
which is precisely what the 'Vandløbslov' (English: 'Stream Law') of 1982 was introduced
to achieve. This law aimed to restore the natural condition of many of the previously
channelised streams in Denmark, enforcing measures that aim to maintain both the �ow
capacity and biodiversity. This included reducing the trimming of vegetation along stream
banks, restoring streams to a more natural meandering shape, and ensuring the shape of
streams would not be arti�cially altered. Additionally, 28,000 of the 64,000 kilometres
of streams in Denmark are protected by the 'naturbeskyttelseslov' (English: Nature
Protection Law) Ÿ 3, which prevents changes to the condition of the water body, aside
from routine maintenance. This regular maintenance includes some cutting of vegetation,
but in a way that ensures that the shape and particularly the �ow capacity remains
unchanged [Miljøstyrelsen].

In order to describe the physical quality of a stream, the Danish Physical Index is utilized.
The index is based on assessments of a number of physical parameters, such as the degree
of meandering, cross-sectional shape, width variation, stream velocity, and grain size
distribution, among others, in and around the stream. Then, the physical quality can be
estimated on the basis of the values for the individual parameters and their weight in the
index [Wiberg-Larsen and Kronvang, 2016].

In a larger context, the EU Water Framework Directive, in place since 2000, has the
objective of restoring and protecting the condition of water bodies throughout the EU.
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