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A view of a navigable staunch in East Anglia, England, showing
a typical vertical lifting gateof a type which has been in use from
the earliest days of navigable passages in river weirs and flood
prevention embankments.
Front cover: The lock at Montreuil-Bellay on the River Thouet in France has been converted
from a flash lock into a chamber lock by the addition of side walls and a lower gate.
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The Early Technical Development of European Canal Locks
In Europe from the tenth century, lock construction
developed from two types of usage. The first was
land drainage associated with tidal and river flood
defense. The earliest examples were built in the Low
Countries, especially in the area between Brussels
and Amsterdam. The second was river navigation,
with the Stecknitz Canal, built between the River Elbe
and Lübeck between 1391 and 1398, probably being
the earliest example. There were also developments in
military fortifications which improved water control
technology, though these were less important with
regard to the development of locks.
The Romans certainly built several canals and
were experts in the control and supply of water, but
their knowledge was lost in the Dark Ages following
the fall of the Roman Empire. With the growth of
Christian religious centres, this knowledge was slowly
regained, and they were certainly behind much of the
land reclaimation projects in the Low Countries in
the period from 800AD, started during the rule of the
Holy Roman Emperor, Charlemagne.
It was William I—‘the Dyker’—who fully realised
the protection that a ‘Golden Ring’ of dykes would
give to Holland. Between 1203 and his death in 1222,
he had begun a dramatic extension of the system of
flood protection dykes which today protect much of
The Netherlands from tidal and river flooding. One
of his major works was to block the mouth of the
Maas, forcing the river into the Rhine estuary.

The Kolksluis at Spaarndam was
originally built circa 1290AD as
part of a tidal protection scheme.
The sea was once on the far side
of the lock gates. The road which
today runs along the top of the
embankment crosses the lock on
the bridge. The lock was rebuilt in
1571 and again in 1778, and has
recently been restored.

On his flood protection embankments, sluices
were used to control the passage of water from one
side of the embankment to the other. They quickly
developed from simple lifting gates, or a flat valve in a
tunnel to the gates controlling a passage wide enough
for boats. The sluices were usually simple lifting gates,
though the framework needed for lifting them must
have restricted the size of boat. It must have been
almost impossible for boats with masts and sails
to pass through such lifting gates. For this reason,
simple single leaf gates which folded back like a door
could have developed. These would have been much
more difficult to open against any difference in water
level, which could have been the reason behind the
first lock using two sets of gates. The earliest example
may have been in the town of Damme, built as part
of waterways linking Brugge to the sea in 1186AD,
though there is no clear description of the type of
gates. It was rebuilt in stone in 1395AD. Further early
chamber locks seem to have been built at Spaarndam
(1253-86), Gouda (1308), Delftshaven (1389), Brielle
(1394), Schiedam (1395) and Vreeswijk (1435).
The type of gate was dictated by the usage. Where
the water level varied because of tides, there would
only be a short period when it would have been
possible to open and close gates easily. This meant
that single leaf gates were the best solution. Stop
planks, in effect gates formed by several planks of
wood fitted one on top of another into grooves on
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Although the lock at Tienhoven,
near Utrecht in The Netherlands,
has a chamber, the style of lock
gate is typical for those used on the
earliest navigable passages through
flood protection embankments.
The windmill was used for
pumping water up from the lower
level into the canal at the upper
level. As with almost all canals in
the Low Countries, the canal was
used for both navigation and land
drainage.

The flash lock at King’s Weir in 1871, showing the
winches used for raising the paddles. This was an
improved method which allowed greater control of the
paddles in the fast-flowing water.
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Three images of flash locks on the River Thames in
England. On this river, water level was controlled by
‘paddles and rimers’, the former being large wooden
boards which held the water back by resting against
vertical rimers which formed part of a framework
across the passage. The rimers were supported by a
wooden beam which could be swung out of the way for
boats to pass.
The photo above shows Medley Weir in 1895 with a
boat descending. Note the small difference in water
levels. The weir was only removed in 1938.

A drawing of a Stecknitz Canal
flash lock from 1897. By this time
the canal was out of use, and the
water levels had been considerably
altered. However, it does show the
wooden cross beam against which
the gates rest. This beam was able
to be swung out of the way after
the gates had been opened. There
are screwed shafts in the middle
of the upper part of each gate to
operate lifting panels to allow the
water levels either side of the gates
to equalise when in use.

either side of the navigable passage would have taken
too long to operate. They were used, but more as a
safety dam, or in locations which were not used for
navigation.
Stop planks were a useful solution where silt was
a problem as they were comparatively easy to make
water tight, using the silt to seal any small gaps
between the planks. With single leaf gates, a wooden
frame was required to be built in to the sides of the
passage, and the gate would then seal against this
frame. Silt could make it difficult for the gate to seal
properly, so the passage would be designed to reduce
the problem. The frame would be well above the
lowest levels in the passage, creating a ‘sill’ which
was easy to keep clear, or secondary passages were
sometimes built to flush away any accumulations
of silt. The design of easily moved gates, and the
avoidance of accumulations of silt was an important
factor in the development of canal technology in the
west. Mitre gates were a major step forward in this
technology.
Lock gates on river and canal navigations, rather
than thos associated with land drainage, were first
used on the Stecknitz Canal, built between 1391 and
1398. It linked the River Elbe at Lauenburg with the
Hanseatic city of Lübeck, and was built primarily for
the transport of salt. It was the first navigation to have
a summit level, with locks on either side to lower
boats to the Baltic Sea or to the River Elbe.
The navigation used ‘flash locks’. These have a
single staunch (a pair of gates in this case) to hold
back the water. This allowed the water level to rise
Today, the only Stecknitz lock is the Dückerschleuse.
This view shows the hole for the iron bearing for the
gate supporting beam, and the stone block against
which the beam rested on the far side of the lock.

above the lock, and when the gates were opened,
boats could sail up or down over the shallows the
waterway below the lock on the ‘flash’ of water
released. Such a system is very wasteful of water, and
was only used on river navigations. Even on those
it created problems for other users, such as water
mills and fishermen, by altering the water levels. The
difficulty in manoeuvering boats in the fast-flowing
flash restricted the difference in level which could
be overcome, and this would probably have been
restricted to around half a metre.
Even with restricted water level differences, itwas
still difficult to open and close the gates safely. On
the Stecknitz Canal, each gate was equal to about 40%
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Two views of a flash lock on the Alster Navigation in
Hamburg. Below, the gates are closed and the flow of
water shows the difference in water level. The ramp on
the right is for canoes, and on the left is a fish pass. The
bridge forms the barrier against which the gates rest.

The view above, taken from above
the lock, shows the associated
winches. Those on the right are on
the bridge, and were probaly used
for hauling boats upwards, whilst
that on the left controlled the gate
on this side of the lock.

A modern flash lock on a river close to the Canal du
Nivernais in central France. The metal bridge forms
the cross beam, with wooden ‘needles’, around 150mm
square, resting against this and a sill in the base of the
lock to hold back the water. Needle weirs, similar to this
but without the movable beam, were quite common
across Europe and usually date from the end of the
nineteenth century.
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of the total width. When holding back the water, the
gates were supported by a wooden beam across the
lock, the 20% still open in the middle being filled
by a removable panel. The gates themselves also has
removable panels, and these were removed to create
the flash and to make opening the gates against the
flow of water easier.
In operation, these locks were only used once or
twice a week, which gave plenty of time for the water
levels to be restored. Several boats could use the lock
during each operation, with boats travelling in each
direction. Those going down stream would go first
as those going up stream would have to be hauled
by men, which could be both hard labour and timeconsuming.
By 1480, at least one of the flash locks had been
replaced by a ‘chamber’ lock simply by erecting a
second flash lock a short distance below an existing
lock, the two locks in effect being the upper and lower
gates of a chamber lock. Other locks were rebuilt at
various times between 1600 and 1880. One feature
of the rebuilt locks was that each gate was equivalent
to half the width of the lock, with winches used for
controlling their opening and closing.
Despite the obvious benefits in terms of saving
water, the navigation continued to use flash locks
until it was bypassed by the construction of the ElbeLübeck Canal around 1890. Elsewhere, flash locks
continued to be used on river navigations, with one
on the Avon Navigation surviving until around 1950.
In France, similar structures can still be found on
some rivers used for rafting timber. The difference in

Two views of flash locks on the Kennet Navigation, west
of London. The drawing on the left shows the original
wooden framework to prevent damage to boats. Below,
the framework has been replaced by a framework of old
iron railway line, installed circa 1900 by the railway
company which owned the navigation.

On the left is a view of one end of a ‘green lock’, built
in the 1930s at Governolo, on the River Po in Italy.
Governolo could be the site of a navigable vertical gate
sluice on the River Mincio, built by Alberto Pitentino
around 1190AD.

level on these locks is probably greater than would
have been found on the more traditional flash lock
used by boats.
The use of two flash locks close together to save
water probably led to the turf-sided or ‘green’ lock.
On these, two pairs of conventional lock gates were
separated by sloping turf banks with a wooden
framework to ensure that boats descending the
lock did not settle on the sloping banks as the water
drained out of the lock. Apart from this danger, such
locks would require more water than a conventional

A recent photo of a needle weir on the Naviglio Grande.
The improvements after 1387 which made the canal
navigable increased its depth and added flash locks.
They may have been similar to this, with a removable
section to allow the passage of boats.

chamber lock built from stone or brick, as water
would drain away through the turf lock sides. Despite
this drawback, such locks were used quite extensively,
even into the twentieth century.
The first true chamber lock was built in Milan, Italy,
as part of the Naviglio Interno. This was an extension
of the Naviglio Grande, built originally between 1147
and 1209 for irrigation. It was improved for navigation
after 1387, allowing stone from the Lake Maggiore
region for the new cathedral to reach the outskirts of
Milan. A single gate sluice then allowed boats to enter
the old town moat and thus reach the cathedral site,
but the level of the moat had to be lowered each time.
To overcome this, a second gate was erected in 1438
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One of the chamber locks on the
Canal de Bereguardo in 1995. The
canal is now only used for irregation
and the lock gates have, effectively,
been replaced by a weir. However,
the chambers could be original.

to create the first chamber lock. A second lock was
built by Filipo da Modena and Fioravante da Bolgna
by 1445.
Then Bertola da Novate built the Canal de
Bereguardo, opened in 1458 with 18 chamber locks
lowering the canal some 80 feet (24.5 metres).
Further canal schemes were built in the Milan area in
the following years, the most important being those
of Leonardo da Vinci. He rebuilt the Naviglio Interno
in Milan, opened in 1497 using chamber locks of his
own design. They had stone walls and mitre gates,
possibly the first use of this type of gate which was to
become the standard for canals. Chamber locks with
mitre gates were soon to be found across Europe: in
France near Bourges (1550) and on the rivers Yèvre,
Cher and Auron, in Prussia on the rivers Havel and
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Spree (1548), and the Low Countries at Spaarndam
(1572). In England, chamber locks were built on the.
Exeter Canal (1564-7) and the River Lee (1571-4).
Mitre gates were also used at Spaarndam (1567).
The Low Countries were the location for the next
major development, the ground paddle, a sluice
for filling a lock built into the lock side. Previously,
the sluices for filling and emptying a lock chamber
had been part of the gate structure. This restricted
the difference in level a lock could overcome as, on
a deep lock, water flowing through a sluice in an
upper gate would fall onto a boat in the chamber and
possibly sink it. To overcome the problem, sluices
were built into the lock side, guiding water from the
canal above the lock into the chamber at a level below
that of the water surface in the canal below the lock.

One of the locks built by Leonardo da Vinci on the
Naviglio Interno in Milan. Above is a general view of
the lock in 1995. It had been somewhat badly restored,
with the floor of the lock concreted, and new gates
similar to those illustrated in Leonardo’s drawings.
The detail photo on the left shows the type of paddle
gear suggested in Leonardo’s drawings.

The Brussels Canal was the first to have locks with
ground paddles. The original lock of 1570 at Willebroeck
has been completely rebuilt, and this is the much larger
lock which now occupies the site. However, the original
lock house still stands alongside it, off the picture on
the left.
Below is a drawing from Architechture Hydralique by
Belidor of a lock on the Furnes-Ypres Canal, opened
in 1646. Not only did it have ground paddles, but also
side ponds at two levels. They were used to reduce the
amount of water wasted when the lock was emptied.
On the left is a section through a Canal du Midi lock,

This ensured that no water would fall onto the boat,
and allowed much deeper locks to be built. The lock
at Boesinghe illustrated above had a fall of 20 feet (6.1
metres). This would have been impossible had gate
sluices been used.
The ground paddle was vital to the development
of British canals. It was first introduced to Britain by
Thomas Steers in the 1740s when he used it for three
locks on the Newry Canal in Northern Ireland. He
had been in William of Orange’s army fighting in the
Low Countries in the 1690s, and had probably seen
the method used on locks in that area. In Britain,
where canals were built through comparatively hilly
ground, the ability to construct deeper locks would

not only have reduced costs, but also speeded traffic
once the canal was open. They were used on all British
canals built after the mid-eighteenth century.
Where a large difference in level had to be overcome
by a canal, staircase locks, where the lower gate of
one lock forms the upper gate of the lock below, were
sometimes used. The Canal de Briare in France has
several examples. The finest is at Rogny, where the
seven-rise locks were built around 1611, though it
was 1642 before the canal opened. The main problem
with riser locks is that they use large amounts of
water when boats pass in alternate directions. After
a boat had descended the seven locks at Rogny, all
seven lock chambers needed to be refilled before a
9

Right: The seven locks at Rogny, with their replacement
locks off the photo to the right.
Below: Ground paddles were used on the Rogny locks.
At one stage, the length of the chambers was extended
which required the paddle tunnels and openings to be
realigned.

boat could ascend the locks. To satisfy this demand
for water, canals with riser locks require much larger
reservoirs or feeders than were required had the canal
been built with simple chamber locks. Although riser
locks continued being built in the nineteenth century,
they were only built in locations where there was no
lack of water, or where their usage was restricted.
Riser locks were also used on the Canal du Midi,
which opened in 1681. Canal engineering reached
maturity on this canal, which has aqueducts, a tunnel,
and all the other features which make a ‘modern’
canal. In particular, the water supply included a
large reservoir and extensive supply channels, the
first canal which was not reliant directly on rivers or
streams.
Below: The eight rise locks at Fonserannes, on the
Canal du Midi.
Middle: Locks on the canal were sometimes associated
with water mills, reflecting its excellent water supply.
Bottom right: A view showing the curved chamber walls
and the large gate paddles. The gates are electrically
operated by the motors on either side.
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The locks on the canal were very similar to those
on the Canal de Briare, though after a lock wall failed
shortly after construction, new locks were built with
curved chamber walls to prevent further collapses.
Riser locks were used at some places, notably the eight
rise locks at Fonserannes, though ground paddles
were not used, and water control relied on gate
paddles. This may reflect the difficulty in building the
tunnel sections in wood, the passage of water through
the tunnels damaging the wood plank lining. Steers
had this problem on his locks on the Newry Canal
which had to be rebuilt later using stone.
Wooden lock foundations were fairly standard
when English canals were built in the 1760s and
1770s, with stone or brick inverts connecting the
chamber walls being used from the 1780s onwards.
These linked the chamber walls and made the whole
lock much more solid. The wooden chamber floors
could also be damaged by water entering the lock
from the ground paddles.
Left: The wooden floor can be seen in this photo of a
lock built in the 1770s on the Leeds & Liverpool Canal.
Below: This design for a lock on the Rochdale Canal
from the 1790s has a stone invert, though the floor
under the gates is still wood, probably to make fitting
the sill against which the gates seal easier to install.
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Two photos, taken when drained for maintenance, of
a lock on the Leeds & Liverpool Canal built around
1810. The edge of the stone invert can be seen in the
photo on the right, together with water draining out
of the ground paddle tunnel which would normally be
below water level. The photo below shows the wooden
sill against which the gates seal (1), the gate, and ground
paddles (2), and the wood beam (3)which helped to stop
rubbish from damaging the sill and paddle seals. On the
extreme bottom left are the stop planks (4). These are
wooden planks around 8 inches by 4 inches which are
inserted into grooves in the sides of the entrance to the
lock to allow the lock to be drained for maintenance.
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Wood continued to be used in some locations
where stone or brick were difficult to obtain, or where
a timber framework was used to increase the stability
of the lock. This was particularly relevant on rivers
and drainage schemes where the lock foundations
were to be made in soft ground. In Britain, many lock
gates have continued to be made from wood, though
in the rest of Europe, iron and steel has been used
since the nineteenth century.
Text and photos © Mike Clarke, 2011
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Two photos of locks built where
the foundations would have been
poor. Above is the River Stour in
England, and left a lock at Bleiswijk
in The Netherlands. Both have an
extended wooden framework over
the lock to ensure stability of the
chamber walls, particularly so the
gates remain in line and will seal
properly.

Above: Stop planks have been inserted at the narrows
where a bridge crosses the canal. The canal on one side
has then been drained for repair. Stop planks are only
used during repair work.
Below: The towpath was usually only on one side of
the canal. Originally reeds were grown to protect the
canal bank, and their roots can be seen here (1). Later,
when boats were motorised, more solid protection was
needed, such as the concrete piles (2) also seen here.

Above: The canal above has been built above ground
level, unusual for an English canal. The photo, taken
during repairs to a culvert underneath the canal, does
show the method of construction. The ladder is resting
against the towpath, with the stone wall provided to
give protection against damage by water movement
caused by boats.
Below: A section through the towpath embankment.
The stone protection (1) is on the right, covering a layer
of clay (2) used to make the canal watertight. Below
the clay is earth (3) which has been removed to form
the canal, and this has been placed so that it forms an
embankment to retain the water.
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Fascine, made from bundles of young willow tree
stems, has been used for protecting river banks from
erosion for centuries. The drawing above was published
in 1827 in a French book of designs for civil engineers.
Right: bundles of willow awaiting use as protection
for the banks of the River Oder on the border between
Poland and Germany in 1995.
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Glossary

Culvert: A tunnel allowing water to pass underneath
a canal.
Gate paddles: Sluices fitted into the lock gates for
allowing water to enter or leave the lock chamber.
Ground paddles: Sluices built into the lock side to
allow water to enter the lock chamber from above the
lock.
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Invert: The bottom of a lock chamber, usually
referring to the curved stone or brickwork which
supported the lock side walls.
Riser or Staircase locks: Locks where the upper gate
of one lock forms the lower gate of the next lock. Note
that a lock staircase can also mean a number of single
locks with short sections of water in between.
Side ponds: Reservoirs built alongside a lock into
which top half of the lock water is diverted for filling
the bottom half of the lock during the next operation.
Sill or cill: The wooden frame against which lock
gates fit to provide a seal to prevent water leakage.

