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Social controls usually have a double-edged effect 
on coast lines. Firstly, they build new types of 
coasts, “artificialized features”, as they have come to 
be called now. Secondly, they change the natural 
processes of the areas they visit, which, in turn, 
build new morphological features. In the first case, 
management policies throughout the previous 
century have led to the extension of hard 
engineering projects along the most populated areas. 
In the second case, such as on the northern coast of 
Brittany, tidal range was changed by the building of 
a tide-powered electricity plant. As a result, 
sedimentological behaviour inside of the estuary is 
now totally under human control. 

The question at stake in this paper, is that of the 
criteria by which societies decide about what 
constitute good management practices. These 
criteria are changing with time and according to 
numerous cultural issues. Today, in the French 
society, those criteria are linked to tourism, 
aesthetics, economy, urban extension... and to 
ecological requirements. They do not always all fit 
together. This paper presents the example of the 
Rance estuary and deals with the two main 
following questions. 

What exactly are the effects of social controls on 
physical processes? At which scales (time and 
space) does it work? Does it induce new types of 
morphological behaviours? 

What is the spatial reach of these local models? Do 
they apply everywhere or are they site dependant? 

In order to answer these two questions we study the 
history of the coastal management of the Rance 
estuary and try to assess, by a simple fractal 

analysis, if local results can be used at the entire estuary 
level. 

1) Geographical setting and history of the tide 
mills. 
The Rance river flows from inner Brittany to the 
English Channel. It is cut into the local basement rocks, 
among which granites and schists are dominant. The 
down-stream part of the river is about 20 km long and is 
a “Ria”. It is a former fluvial valley, dating back to 
periods of low sea-level such as the Glacial maximum 
(circa 20 ky BP), which has been drowned by the sea 
during the Holocene sea-level rise. The estuary in itself, 
with brackish and saline waters encompasses the whole 
length of the Ria. The Rance flows into a wide sea-gulf, 
known as the “Golfe Normano-Breton”, which is some 
sort of a sink site at the scale of the whole English 
Channel. The « Baie du Mont Saint Michel » is a perfect 
example of a site where tidal currents from the western 
part of the Channel converge and bring together all the 
energy and the sediments that they may have gathered 
on their way.  

Therefore, during spring tides, the tidal range may reach 
above 13metres and the bay is silting over, whatever 
works of coastal management are there. The Rance Ria 
shares all these characteristics. The maximum tidal 
range is about 13 meters (but only 7 as an average). The 
banks of the river are mud flats and they gain sea-ward 
with local silting from surrounding local streams. As the 
Ria is very sheltered from dominant Western winds and 
as no oceanic waves may reach it, the general 
morphodynamic conditions allow for sedimentation. 
The flow and ebb currents are strong though (up to 4 
knots, locally).The river talweg, which acts as the main 
flow and the main ebb channel is deep (locally more 
than 20m), the currents are fast and no sediment may 
settle in it. According to this very simple behaviour the 
Rance river may be divided into two main types of 
environments. The river banks are shallow marshes, 
mud flats and gain sediment with high tide slack. The 
tidal channels in between the marshes are highly mobile 
erosive features which export sediment with ebb 
currents. The Rance is, then, a typical tide-dominated 
estuary [ 1, 2 ] 

The estuary has been inhabited as early as the Neolithic 
with a population gathering shells and building some 
megaliths. About 400 BC the country was inhabited by 
Celts who, later, begun to build a small city in the 
vicinity of the present Saint Malo, in Alet. The name of 
the tribe was  the “Coriosolites” and their main city was 
Corseul which is not on the coast. After the Roman 
conquests some salt farms were built along the shore 
and a fort for the Roman legions was built in Alet. By 
420 AD the Romans were gone and the region was 
inhabited by new immigrants, arriving from present 
England. During early middle-ages the place was 
regularly raided by the Vikings, but the city was able to 
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build some sea-faring activities and a new harbor; 
one of the largest in Brittany. The city was 
incorporated to France (1493) and a long period of 
development followed. Saint Malo sailors 
discovered Canada as well as the Falkland Islands
and the city was one of the busiest harbours in 
France for the following five centuries. Most of the 
local forests were cut to provide wood for shipyards 
and silting begun to be important in the Rance. A lot 
of food was necessary for the crews of the boats and 
the fields around Saint Malo were intensively 
planted with cereals. To turn grain into flour and 
bread many tide mills were erected. 

A tide mill is a mill which uses the power of the tide. 
It is a large wooden wheel linked to a grinding stone. 
It must be built on a place where a large body of 
water may be stored at high tide behind a lock in a 
basin. When the tide is low outside the basin, water 
is directed through the wheel to the outside and the 
water fall delivers its power. A tide-mill may grind 
up to 1200 kg of grain per day [3] . 

In the Rance river almost each incoming stream was 
dammed and turned into a tide mill site (figure 1). 
Fourteen were working together at the beginning of 
the century. Slowly, their basins were filled with 
mud and had to be emptied. The last one closed in 
1980 and today none is actually used except for 
historical and touristy purposes. One of them, in 
Plouer has been turned into a yachting harbour. It 
suffers from silting and has to be excavated every 
seven years. The cost of the operation is included 
into the price of each night a boat stays in the 
harbour and is not considered as a problem.  

Figure 1 : Location of the site, Areas and ratios of mill 
basins 

These many tide-mills were modifying the very local 
regime of tide, but they were not powerful enough to 
have an impact on the whole estuary. 

2) The damming of the estuary : from a tide-
dominated estuary to an EDF-dominated 
estuary (Electricité de France) 

In 1897 a project was drawn to dam the entire estuary 
and use it as a gigantic tide mill. This project was 
discarded but , in the late 1950, it was renewed and, 
finally a decision was made : the Rance would be the 
first river with a tide-power station producing 
electricity. The building of the dam by the national 
company Electricité de France, or EDF, was achieved in 
1966. It encloses a basin of 22 km2 and 184 106 m3 
when the average depth of the basin is about 8,3m. The 
average flow of the Rance estuary during ebb period is 
about 9600 m3/s, but may reach, during exceptional 
rainy periods up to 18 000 m3/s. The dam works 
according to two scenarios. If the tide is an ordinary one 
(i.e. 80% of the time) the water is let free to flow in 
during the flow period, then the locks are closed. They 
stay so, as long as the tide (the ebb) has not gone down 
again. Then, the turbines are opened and the water of 
the Rance basin goes back to the open sea and produces 
electricity. During very high spring tides (about 20% of 
the time) the mechanism is a bit different and the 
turbines work during the flow and during the ebb. The 
total electricity supply is 240 MW. 
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Figure 2 : air photos of the estuary before and after 
the dam. 

This dam has deeply changed the ecology of the 
estuary during the first ten years, but today (figure 2)
the local fauna and flora are very much the same as 
before. From a sedimentological point of view, the 
issue requires a large debate. Because of the dam, 
the tidal range is reduced from about 7m to 5 meters 
(on average, because it may still reach 7 meters 
during spring tides). Silting is taking place. The 
owner of the dam (Electricité de France) says that 
silting is a natural process in an estuary whereas 
local people consider the dam, at least partially, 
responsible for the process. A powerful local 
association, which enrolls the local political leaders 
and the inhabitants, named COEUR (Comité 
Opérationel des Elus et Usagers de la Rance, or 
Working Comitte of the Elected people and of the 
Rance Users (http://dev.coeur.asso.fr/projetpnr.html)
(http://dev.coeur.asso.fr/index.html ) is very active 
in finding ways to counteract silting. Silting is 
fought against by a sediment trap (80 000 m3 close to 
le Chatelier in Livet). The trap is just a vast hole dug 
in a marsh, where sediment settles. When the hole is 
full, it is excavated and the mud is taken to dry and 
is used for agriculture. In the trap, the silting rate is 
about 0.7m/year as an average but it may vary 
between 1,2 and 0.3 m/y. At the same time, in 
several places sands are taken from the river floor 
and damped on top of a present mud flat to build a 
sandy beach on the shore, where there was one 
before the dam. These sand dumping may amount to 
60 000m3 in Mordreuc , 10 000 in Port St Jean, 35 
000 in Ville Guer. The main part of the question 
involves scale: silting inside of the tide mills basins 
was considered as a socially acceptable issue, silting 
inside of the whole estuary is not considered as so. 

3) Scalar issues : are tidal basins fractal? 

Fractal analysis provides an easy tool for observing 
if a local and a regional (larger in scale) phenomena 
are similar. Theoretically speaking, a fractal object is 
exactly the same when it is observed either at a large 

(1/100) or at a small (1/10 000) scale. Bak et al, 1987 
[4], as well as Robert and Roy, 1993 [5] have derived 
various models from Mandelbrot (1967) [6] first studies 
and have shown that some land forms have a constant 
(or sub constant) fractal dimension. It may be 
interpreted as a scale independant behaviour. In the case 
of the Rance river, it would mean that the behaviour of a 
local tide mill basin would be identical to the behaviour 
of the entire dammed estuary. 

In order to study the hypothesis of the Rance tidal basin 
being fractal, we considered the part between the EDF 
dam and the area where the Rance river has been 
canalized, not far from Dinan. We used aerial photos as 
bitmaps where 1 pixel equals 2 m x 2 m. After having 
extracted the outline of the river, we studied the West 
and the East banks separately. We applied the 
«structured-walk» method to each line, with measure 
units u ranging from 213 towards 1 in pixels, i. e. from 
16384 m towards 2 m. The fractal dimension is obtained 
by the formula: d = ln [(l/u)n / (l/u)n-1] / ln 2 and is 
shown for each measure unit of the study in the 
following table. “u” may be considered as the length of 
each “step” of the walk and “l” as the total length of the 
walk (Table 1). 

Table 1 : Fractal dimension (d), step lenght (u) in 
meters and total length of steps (l) in 

meters.

The next two figures display the fractal walk for n=11 to 
n= 9; i.e. paths of 2048m to 512m. 

The first one (figure 3) is for the right bank, on the East 
side of the river the second (figure 4) for the left or 
West bank. 
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Social controls usually have a double-edged effect 
on coast lines. Firstly, they build new types of 
coasts, “artificialized features”, as they have come to 
be called now. Secondly, they change the natural 
processes of the areas they visit, which, in turn, 
build new morphological features. In the first case, 
management policies throughout the previous 
century have led to the extension of hard 
engineering projects along the most populated areas. 
In the second case, such as on the northern coast of 
Brittany, tidal range was changed by the building of 
a tide-powered electricity plant. As a result, 
sedimentological behaviour inside of the estuary is 
now totally under human control. 

The question at stake in this paper, is that of the 
criteria by which societies decide about what 
constitute good management practices. These 
criteria are changing with time and according to 
numerous cultural issues. Today, in the French 
society, those criteria are linked to tourism, 
aesthetics, economy, urban extension... and to 
ecological requirements. They do not always all fit 
together. This paper presents the example of the 
Rance estuary and deals with the two main 
following questions. 

What exactly are the effects of social controls on 
physical processes? At which scales (time and 
space) does it work? Does it induce new types of 
morphological behaviours? 

What is the spatial reach of these local models? Do 
they apply everywhere or are they site dependant? 

In order to answer these two questions we study the 
history of the coastal management of the Rance 
estuary and try to assess, by a simple fractal 

analysis, if local results can be used at the entire estuary 
level. 

1) Geographical setting and history of the tide 
mills. 
The Rance river flows from inner Brittany to the 
English Channel. It is cut into the local basement rocks, 
among which granites and schists are dominant. The 
down-stream part of the river is about 20 km long and is 
a “Ria”. It is a former fluvial valley, dating back to 
periods of low sea-level such as the Glacial maximum 
(circa 20 ky BP), which has been drowned by the sea 
during the Holocene sea-level rise. The estuary in itself, 
with brackish and saline waters encompasses the whole 
length of the Ria. The Rance flows into a wide sea-gulf, 
known as the “Golfe Normano-Breton”, which is some 
sort of a sink site at the scale of the whole English 
Channel. The « Baie du Mont Saint Michel » is a perfect 
example of a site where tidal currents from the western 
part of the Channel converge and bring together all the 
energy and the sediments that they may have gathered 
on their way.  

Therefore, during spring tides, the tidal range may reach 
above 13metres and the bay is silting over, whatever 
works of coastal management are there. The Rance Ria 
shares all these characteristics. The maximum tidal 
range is about 13 meters (but only 7 as an average). The 
banks of the river are mud flats and they gain sea-ward 
with local silting from surrounding local streams. As the 
Ria is very sheltered from dominant Western winds and 
as no oceanic waves may reach it, the general 
morphodynamic conditions allow for sedimentation. 
The flow and ebb currents are strong though (up to 4 
knots, locally).The river talweg, which acts as the main 
flow and the main ebb channel is deep (locally more 
than 20m), the currents are fast and no sediment may 
settle in it. According to this very simple behaviour the 
Rance river may be divided into two main types of 
environments. The river banks are shallow marshes, 
mud flats and gain sediment with high tide slack. The 
tidal channels in between the marshes are highly mobile 
erosive features which export sediment with ebb 
currents. The Rance is, then, a typical tide-dominated 
estuary [ 1, 2 ] 

The estuary has been inhabited as early as the Neolithic 
with a population gathering shells and building some 
megaliths. About 400 BC the country was inhabited by 
Celts who, later, begun to build a small city in the 
vicinity of the present Saint Malo, in Alet. The name of 
the tribe was  the “Coriosolites” and their main city was 
Corseul which is not on the coast. After the Roman 
conquests some salt farms were built along the shore 
and a fort for the Roman legions was built in Alet. By 
420 AD the Romans were gone and the region was 
inhabited by new immigrants, arriving from present 
England. During early middle-ages the place was 
regularly raided by the Vikings, but the city was able to 

Figure 3 : Structured-walk analysis of East bank for 
n = 11 to 9 (u = 2048 m to 512 m) 

Figure 4 : Structured-walk analysis of West bank for 
n = 11 to 9 (u = 2048 m to 512 m) 

This provides us the length of each bank in the most 
accurate measuring unit (2 m) : 43408 m (West 
bank) and 57390 m (East bank). This difference 
between the banks is obvious when we see the aerial 
photography: there are two much bigger bays on the 
east bank. The fractal analysis shows that both banks 
are multi-fractal with a peak for n = 10 for the West 
bank and n = 11 for the east bank, i. e. for measuring 
units of around 1 km and 2 km, respectively. This 
gives the order of magnitude of the most important 
features of the banks. Comparing the lengths (as 
computed with each measure unit) of the two banks, 
we see that the length of the East bank is actually 
1.32 longer than the West one with the most 
accurate measuring unit but the ratio is even higher 
with measure units ranging from 1024 to 64 m, 
while, on the other hand, with measuring units 
ranging from 16384 to 2048 m, the ratio is much 
smaller. There is a big leap between 1024 and 2048 
m; this leap appears in comparing the fractal 

dimension also. This confirms the importance of the 
order of magnitude of 1 to 2 km for this basin. 

4) discussions and conclusion: is a 
morphological scale-independent model useful 
for Coastal planning? 

The ability of numerical models to describe accurately 
geomorphic behaviour has been widely discussed [7,8]. 
The fractal analysis shows that the estuary is not 
absolutely fractal but multi fractal. As the peak is at 
about 1 to 2 km it divides the coastline into two main 
types of land forms. The 1-2 km length may act as a 
threshold. Any feature which is smaller than 2 kms may 
be considered as being similar to any smaller one and to 
be different from larger ones. Any feature which is 
larger than 2 kms may be considered as being similar to 
any larger one and different from smaller ones. 
Obviously, all tide mill basins belong to the first group 
(smaller than 2 km) whereas the estuary belongs to the 
second group. It probably means that the behaviour of 
the tidal flow through the EDF plant in the estuary is not 
similar to the behaviour of the tidal current through the 
lock and wheel of a mill basin. 

A simple ratio may explain this. The average volume of 
water inside of a tide mill basin is\ about 1,5 10 6 m3 
and the average length of these basins is about 0,5 km. 
The same figures for the entire estuary are 184 10 6 m3 
and 22 km. The ration volume/length varies from 3 to 
8.36. The tide mill basins are looking like shallow 
massive ponds and the estuary is looking like a deep 
elongated channel. The fractal threshold at 1-2km length 
displays this important qualitative difference. The shape 
of a basin is not the shape of an estuary. Therefore the 
geometry of currents and the importance of silting 
processes are different. 

There is no scale independent model for the behaviour 
of each part of the estuary. This fact may be thought of 
as some sort of good news: for each local feature there 
is a need for a possible specific coastal management 
policy. It may also be considered as a problem: how to 
manage the estuary as a whole especially for tourism? 
At present the Coeur association tries to manage both 
the estuary and local sites. It has to convince the local 
users that the behaviour of the EDF plant is really very 
different from the behaviour of the former tide mills, 
even if the local energy is the same (the tide). In a 
context of sustainable development, this is very 
important: a local solution is not necessarily good at a 
global scale [10], in an estuary and a watershed at least. 
Anyhow,  in the Rance river, local tidal mills owners 
were able to cope with local silting processes. Today, 
the cost of coping with silting in the estuary is on the 
shoulder of the local people and not on the larger 
population which uses the plant’s electricity. It is an 
important issue to decide whether local problems are 
paid for by local people or by the  larger French 
community. 
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build some sea-faring activities and a new harbor; 
one of the largest in Brittany. The city was 
incorporated to France (1493) and a long period of 
development followed. Saint Malo sailors 
discovered Canada as well as the Falkland Islands
and the city was one of the busiest harbours in 
France for the following five centuries. Most of the 
local forests were cut to provide wood for shipyards 
and silting begun to be important in the Rance. A lot 
of food was necessary for the crews of the boats and 
the fields around Saint Malo were intensively 
planted with cereals. To turn grain into flour and 
bread many tide mills were erected. 

A tide mill is a mill which uses the power of the tide. 
It is a large wooden wheel linked to a grinding stone. 
It must be built on a place where a large body of 
water may be stored at high tide behind a lock in a 
basin. When the tide is low outside the basin, water 
is directed through the wheel to the outside and the 
water fall delivers its power. A tide-mill may grind 
up to 1200 kg of grain per day [3] . 

In the Rance river almost each incoming stream was 
dammed and turned into a tide mill site (figure 1). 
Fourteen were working together at the beginning of 
the century. Slowly, their basins were filled with 
mud and had to be emptied. The last one closed in 
1980 and today none is actually used except for 
historical and touristy purposes. One of them, in 
Plouer has been turned into a yachting harbour. It 
suffers from silting and has to be excavated every 
seven years. The cost of the operation is included 
into the price of each night a boat stays in the 
harbour and is not considered as a problem.  

Figure 1 : Location of the site, Areas and ratios of mill 
basins 

These many tide-mills were modifying the very local 
regime of tide, but they were not powerful enough to 
have an impact on the whole estuary. 

2) The damming of the estuary : from a tide-
dominated estuary to an EDF-dominated 
estuary (Electricité de France) 

In 1897 a project was drawn to dam the entire estuary 
and use it as a gigantic tide mill. This project was 
discarded but , in the late 1950, it was renewed and, 
finally a decision was made : the Rance would be the 
first river with a tide-power station producing 
electricity. The building of the dam by the national 
company Electricité de France, or EDF, was achieved in 
1966. It encloses a basin of 22 km2 and 184 106 m3 
when the average depth of the basin is about 8,3m. The 
average flow of the Rance estuary during ebb period is 
about 9600 m3/s, but may reach, during exceptional 
rainy periods up to 18 000 m3/s. The dam works 
according to two scenarios. If the tide is an ordinary one 
(i.e. 80% of the time) the water is let free to flow in 
during the flow period, then the locks are closed. They 
stay so, as long as the tide (the ebb) has not gone down 
again. Then, the turbines are opened and the water of 
the Rance basin goes back to the open sea and produces 
electricity. During very high spring tides (about 20% of 
the time) the mechanism is a bit different and the 
turbines work during the flow and during the ebb. The 
total electricity supply is 240 MW. 
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