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It is now accepted that the combination of more intense rainfall, poor planning of built-up areas,
rising sea levels, coastal erosion and, in particular, higher storm surges pose a real threat to the
UK and many other countries.
At a meeting at the Institution of Civil Engineers held on 7 July 2003, the Government Chief
Scientist Professor David King asked for 'out-of-the-box' ideas to reduce the cost of future
flooding. Here are six ideas, titled as follows.

•

The Floodsucker

•

The C-Dam

•

Pre-emptive Cloud Seeding in Mid-Atlantic

•

Raising the Water Table Below Arid Regions

•

Erosion Control with the Great East-Anglian Barrier Reef

•

Increasing Cloud Albedo

Some ideas are further out of the box than others but it may not be easy to tell which!

1.

The Floodsucker

Most conventional flood prevention schemes attempt to slow the entry of water into a high-value
asset. This approach depends the availability of a low-value area upstream of the high-value one
with sufficient storage volume to take the excess flow.
An equally valid, more easily tested and entirely complementary approach is to increase the rate
at which water is removed, perhaps even before the flood arrives. This line of thought has
resulted in the concept of a machine called a Floodsucker shown in figure 1.
Externally a Floodsucker has the weight, dimensions and corner attachments of the ubiquitous
'forty-foot' sea-container. Internally it is a straight duct containing a large, vertical-axis variablepitch Voith-Schneider rotor which can move 20 to 30 cubic metres of water per second, straight
through the container against a head of one metre and can also give the system self-mobility.
Above the rotor are located a buoyancy compartment, a large Diesel engine, fuel for 24 hours
and possibly an electrical generator which can operate at a few tens of kilowatts as a low-head,
run-of-river hydro-electric system. This earns a moderate income but, more importantly, keeps
everything moving in the long periods between floods. Very similar plant has been used for
dredging by agitation of an estuary bed at the time of the peak ebb flow, so there is a possible
third use.
Floodsuckers would be moored side-by-side across the river on a 2.4 metre spacing and would
lower the upstream head by about one metre relative to the downstream head. Many high-value
assets are at the lower end of river systems where a widening estuary ensures that the down
stream level is close to that of the sea. Calculations show that Floodsuckers are more than
capable of moving the peak flow rates. For example at the position of the Thames Barrier a
complete line across the river could pass 12 times the highest flow.
It is necessary to prevent the immediate return flow below or around the suckers. In cases where
the river depth is less than 3.5 metres it would be convenient to have the forward end in contact
with the river bed. In deeper channels a sloping ramp can fill the gap and take the reaction force.
Attachments points fitted with quick location cables can be pre-installed on the river bed.
Leakage paths caused by irregularities can be blocked by water filled bags. Flow across low
sections of the downstream river banks can be built up by temporary textile C-dams discussed
later.
Provisional cost estimates, based on Harwell parametric methods used for assessing renewable
energy systems, suggest suckers could be built for between £100,000 and £200,000 each in mass
production. If these estimates turn out to be accurate, a set of flood suckers could be attractive
compared with civil engineering solutions. A longer description and comments from a civil
engineering flood planner are attached.
Mathcad worksheets containing design calculations of weights, stressing and rotor performance
are available. Work on mechanical design and in particular, on the challenging problem of a
vertically-compact pitch-change mechanism is in progress.
Reference
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Figure 1. Plan and side views of the Floodsucker built into the envelope of standard sea container.
A close-packed bank at the position of the Thames barrier could handle 12 times the peak flow.
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2.

The C dam.

The flood suckers described above require somewhere for the water to go. The ideal place is the
infinite reservoir of the sea but in some urban areas this may not be possible. Furthermore if
parts of the banks of the river leading to the sea are too low, water can flow back to the highvalue area. It may therefore be worthwhile to develop emergency walls and holding tanks for
very large volumes of water. For a given water depth the cost of such a tank will depend on its
perimeter while the value will depend on the enclosed area. However there may not be much
choice in the size and shape of available areas. Football grounds and parks adjacent to rivers are
obvious choices. Floodsuckers could be used to fill them.
It is also desirable that the emergency dam should not be obtrusive in non-emergency periods but
necessary that it should be erected in a time less than the warning period of extreme flood events.
At a recent meeting with meteorologists this was claimed to be approaching nine hours.
The side view of a possible design is shown in figure 2. It consists of a C-shaped sheet of textile
reinforced plastic with the extended lower leg of the C in contact with the ground. Water
pressure exerts a horizontal force on the wall with two-thirds taken by fabric tension at the line
of contact with the ground. Water pressure will also act downwards to produce a friction force.
If the lower length of the C is sufficient then the wall will not slide. A length of 3.5 times the
water depth will be satisfactory with any friction coefficient greater than 0.1.
It is necessary to provide one-third of the horizontal force to the top of the wall. This is done by
the sloped rope, which will in turn induce a downward force. This force can be opposed by
buoyancy tubes. It is also necessary that the ground level at the ends of a long line of dam
should be above the highest water level.
Some very high performance textiles are available. For example the Ferrari 1502 has a strength
of 160 kN per metre width and weighs only 1.5 kg/m2. It suffers no loss of strength after 10
years immersion. A C-dam made from it could just hold a water depth of 7 metres.
The fabric can be contained in a concrete duct with a cover that can be used a walkway. It is
desirable that this should be a close fit, perhaps with mortared joints because such a duct would
be very attractive to rats. In normal times the fabric can be packed in a flat Z-fold. Long lengths
can be rapidly deployed by inflating the buoyancy tubes with a pressure sufficient to lift the
concrete lids. For a 50 mm slab this is only one eighth of an atmosphere. Once the buoyancy
tube is above the water surface the rest of the deployment will be done by the water.
The inflation gas can come from the exhaust of a Diesel engine. A five-litre engine running at
2000 rpm will inflate the tube for a kilometre of 1.5 metre high C-dam in only 10 minutes. All
that is necessary is to have the exhaust manifolds of the engines of emergency vehicles fitted
with a suitable coupling, diversion valve and cooling pipe.
The strip of land on the dry side of the C-dam can be used for sports, lawns and flower-beds but
not for bushes, fences or other sharp obstructions.
Reference
http://www.ferrari-textiles.com/corporate/index_gb.asp

Figure 2. A C - dam designed for a flood depth of 1.5 metres. It could be deployed by the exhaust from a 5 litre Diesel in 10 minutes.
The Ferrari 1502 textile could just take a depth of 7 metres. In normal times all that can be seen is a concrete walk way.
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3.

Pre-emptive Cloud Seeding in Mid-Atlantic

Meteorology students are taught at University that, despite the known physics of supersaturated
air and cloud nucleation, cloud seeding to increase rainfall does not work and that the technology
is on a par with water-divining and acupuncture. There have undoubtedly been charlatans and
over-optimistic claims but there are also respectable companies that have been doing it since the
1950's and have stayed in business. There is a respectable trade association with published
ethical standards, see http://www.weathermodification.org
The reality is that cloud seeding really can increase the probability of rain by an amount which is
enough to be useful in dry places but that it is impossible to produce repeatable experiments.
This would also have been the case for classical test-tube chemistry if test tubes were
unmanageably large and came with a resident drunken rugger team who were tipping out the
contents, changing temperatures and adding their own ingredients at random. The skill of the
successful seeders is the prediction of when conditions are suitable enough to justify the expense.
On average, rainfall can be locally increased by 5 to 15% inland and 5 to 30% near the coast.
Of course an increase relative to a very low rainfall may not be much water.
All the historic field experience is at places where the shortage of water is serious enough to pay
for the seeding work. We know very little about seeding in wet places or the shape of a graph of
success rate against humidity. However, given that the chances of success must be zero if the
humidity is zero, that they rise with proximity to the higher humidities at the coast and that you
do not need to do any seeding at all at places where it is already raining, it is at least reasonable
to suppose that the general trend of such a graph must favour the production of rain in places
where humidities are very nearly high enough for rainfall. Air over large oceans is much cleaner
than air over land so that there will often be a deficit of suitable nucleation particles. We could
therefore ask if pre-emptive cloud seeding of dangerous weather systems in mid-Atlantic would
reduce the quantity of water that is left when the weather system reaches land.
Newcomers to seeding technology are surprised to learn that the necessary amount of material is
very small, about one in one million to one in ten million by weight of the air being seeded.
Perhaps with better understanding the amounts could be reduced even further.
Droplets of sea water of the right size, perhaps with an electrical charge and perhaps with extra
salt, could be an excellent seeding material and would cause less concern than other materials
like silver iodide.
A cubic metre of air at 25 C and standard sea level pressure weighs about 800 grams and can
hold about 23 grams of water. But in the absence of nucleation particles it could be supersaturated by about 0.5% ie about 0.12 grams. This is, by definition, the condition of the air just
below the cloud base.
The latent heat (2.25 MJ per kg) that would be released if the excess water vapour were to
condense would be 259 Joules. The specific heat of dry air at constant pressure is only about
1 kJ/kg K so that the condensation would increase the local temperature of the air and so lift the
air above, which would cool and trigger more condensation. Cloud seeding aircraft are not
dropping bombs, they are dropping detonators.

A Hercules C130 transport aircraft has an 18,000 kg payload over a range of more than 3,000
miles. If we need 8,000 kg for tanks and pumps we leave 10,000 kg of the payload for spray
material. This could seed 1010 cubic metres of air at the higher concentration. If we do this over
a 100 metre square window we can seed a flight path of 1000 km. Furthermore we could fly out
with a load of salt crystals but an empty spray tank and scoop up sea-water like a fire-fighting
aircraft.
We would add some extra salt, filter out the plankton and so do several passes on one trip. If we
were to switch the spray system on and off like a pattern of characters in Morse code we could
do comparative experiments.
Discussions with the cloud seeding industry have produced no information about seeding in the
higher range of atmospheric humidities. There is, however anecdotal evidence about a
mysterious experiment possibly carried out over Exmoor in 1952. Everybody in the area is
convinced that the Ministry of Defence used a Canberra to seed a storm system with catastrophic
results, drowning 35 people in Linton and Lynmouth. The MoD make vigorous denials, as well
they might.
Clearly we need to improve our understanding of cloud seeding in more humid conditions. We
may need to improve the technique by making more accurate droplet sizes or flying through
exactly the right flight path in exactly the right conditions. If so the volumes of air that could be
treated by a squadron of C130 aircraft in the Azores using at sea water replenishment are enough
to make an appreciable difference.
It will be necessary to design a wheeled, roll-on spray system that can be used with an
unmodified aircraft. It will need a water scoop that can operate in large Atlantic waves.
However the most critical work to assess feasibility would be done by getting rid of the rugger
team by using an adjustable pressure cloud-chamber with pre-chilled walls and electronicallyenhanced thermal insulation to study the chemistry properly. We also need meteorological
advice about when to scramble the planes and where they should fly.

4.

Raising the Water Table Below Arid Regions

One estimate for the world-wide cost of a metre rise in sea levels is $ 1014. This is partly
because many of the large cities of the world have been built near harbours. However the
estimator may not have had firm input data based on actual experience and the views of the cost
of losing some entire low-lying countries, as calculated by their inhabitants, may be subjective.
The area of the oceans is about 3.7 x 1014 square metres, while the area of land with lower than
desirable water tables is about one seventh of this. If the void ratio of the rocks below the
deserts is 0.2 we can see that a rise in all the water tables under arid regions of 35 metres will
result in a fall of ocean levels by the worst-case metre.
Anecdotal evidence of the drilling depths needed to find water suggests that the water tables
could be raised by much more than 35 metres under many deserts. There are also suggestions
that some of the water found deep below the Sahara has been there for 40,000 years.
There has been a proposal to increase the probability of rainfall by increasing the rate of
evaporation of sea water using machines called spray turbines shown in figure 3. These are
catamaran-mounted wind-driven vertical-axis machines which release a fine spray of water
droplets at a height of about 10 metres above the sea. Depending on rotor area and wind speed,
each machine can spray between 0.5 and 2 cubic metres of water a second. If it really became
necessary to lower ocean levels by a metre, if each machine can spray a cubic metre a second
and if one quarter of the water sprayed ends up as ground water, the task could be done in one
hundred years by only 460,000 machines. This could be compared with the 96,318 aircraft built
in the United States in 1944. If the spray turbines cost the same per square metre of rotor area as
land-based electricity-generating turbines (about £200) the cost of this fleet will be about three
orders of magnitude down on the estimate for a one-metre rise.
While there are many meteorological uncertainties about the feasibility of spray turbines, the
benefits to humanity would be large. It would be a useful exercise to place the idea in rank order
with other proposals for reducing ocean levels by this amount.
The necessary initial work is to survey the level of the water tables under those of the world's
deserts which are accessible to winds from spray turbines and to drill cores to measure the void
ratio. It may be possible for water tables to be measured by satellites. They can measure almost
everything else.
A second approach is based on the observations that sea level is far above the water table, that
the porosity of geological strata spans a very wide range and that water generally tends to flow
downhill. The resistance to flow between the sea and the water table under the central Sahara is
dominated by the layer of ooze on the sea bed. If the ooze could be removed, the resistance to
flow would be reduced and sea water would drain downwards. An ooze excavator would need
lots of energy but this could be provided by a wave driven mechanism which would progress
along the coastline excavating gouges along a chosen contour.

Figure 3. The Spray Turbine may be able to increase atmospheric humidity and the probability of rainfall.
Depending on rotor size and wind speed the volume of sea water sprayed is between 0.5 and 2 m3/sec.

5.

Erosion Control with the Great East-Anglian Barrier Reef

Storm surges and rising sea levels are most dangerous when there is erosion of beaches
defending land that has been recovered from the sea. The pattern is that material is deposited in
the calm sea of summer and eroded again in winter. It is often moved along a coast line so that
protection in one place produces worse erosion down wind. The classic case is the eastern
seaboard of India. In the UK, East Anglia is vulnerable. The village of Dunwich in Suffolk has
lost a total of seven churches.
A good offshore wave device can easily reduce wave amplitudes by about 3 metres. Dirt on the
floor of a wave tank will tend to migrate to the beach side of test models. Wave energy
researchers have long considered offering reduced waves as a bonus in addition to electricity.
The problems are that structural costs rise with the first power of wave height while energy goes
with the square. The vulnerable places on the east coast of the UK do not have an economically
attractive wave climate. Secondly if a hotel falls into the sea because of coastal erosion the
owner will look for someone to sue, so protection could be a dangerous thing for an infant
industry to offer.
It may however be possible to make a structure that is purely a breakwater. Most designs of
breakwaters and wave devices use a large amount of material. We therefore look for the
cheapest materials available. The very cheapest would have a negative cost. One such material
is used tyres because burning them makes such dirty smoke that people pay you to take them
away. This was realised by Hibarger 1967, Hibarger and Daniel 1979 and Kowalski 1975.
They proposed breakwaters made from floating mats of tyres loosely moored to the sea bed.
Tyres last very well in sea water but mooring systems which are subject to continual chafing
movements have a limited life. It may be possible to avoid the mooring problem using a tube
made of tyres arranged in a spiral and embedded to about half its diameter as shown in figure 4.
Each tyre would be lashed to near neighbours and to tyres on the opposite side of the circle so
that an individual tyre would be in compression and the circularity of the disk would be defined
like that of a spoked wheel. Other shapes such as ellipses and wedges are also possible. Objects
the size of tyre breakwaters will be too heavy and too floppy to handle in air. It would be much
easier to assemble the tube in water at the site where they are to be used. This could be done with
robot arms attached to a lay barge. Its position could be stabilised by four hydraulically-operated
outriggers on each side like those on the vehicles used to service street lamps. The tube of tyres
would be built up around internal guide bars. The growth of the tube will be very like that of
the attachment of molecules in the formation of a crystal.
The outer end of each outrigger could have a caterpillar track to move it slowly along the coast.
A robot arm would place a tyre in the correct position while smaller arms applied the lashings.
Jets of water can clear sediment from a trench into which the growing tube can be laid. The
agitated mixture of water and sediment can be directed into the tube to build up weight inside.
The many gaps in the wall will allow water with entrained sediment to enter, but the lower
velocities inside will allow the sediment to deposit so that sediment will completely fill a tube.
Eventually it will form the skeleton of an artificial sand bank which should have greater
resistance to erosion than natural ones. A continuous line at some distance out to sea will
enclose a shallow lagoon.
Although sizes are large and the plant will have to operate underwater, the essential technology
is not very different from that of the automated crochet-making machines which could achieve
amazing productivity in the 19th century. Robotic intelligence is used to replace expensive civil
engineering materials.

According to http://www.tyretradenews.co.uk/
the UK has to dispose of about 50 million
tyres a year, many in landfill, where costs are not going to fall. If N is the number of tyres, D the
diameter of the tube, d the tyre diameter and t its axial thickness, the length of the complete tube
is L = N.t.d / π D. For d = 0.6 m, t = 0.2 m and D = 10 m the UK supply of scrap tyres could
make 190 kilometres of tube every year. The European scrap tyre supply could raise this by a
factor of five and the American one by an even greater amount.
The speed of tyre placement is limited by the need to accelerate the robot arms. If one tyre can
be placed in ten seconds and there is one robot arm per barge, the length of the tube will grow at
33 metres per 24-hour shift or around 10 km a year. The optimum design would have the cost of
arms the same as the cost of the barge and its outriggers. The barge hull is likely to cost about
£1m and all eight motorised outriggers as much again. A mass-produced man-lift costs about
£70,000 but lacks the feedback loops needed for accurate control so a single arm could well cost
£500,000. The arm number would then be four giving 40 km of installation a year from each
barge. Five barges would use the entire UK scrap tyre output.
If the cost of tyres is really zero or negative, the main material cost will be rope. As an arch of
tyres can buckle in compression, there is an upper limit to the tension that can be induced in the
spokes at 90 degrees to a compression force. An initial guess for this tension is 10 kN. With a
pair of tyres tied to a pair on the other side, each tyre will need a rope length of about 0.35 D
metres giving 180 metres of rope costing £270 per metre length of reef. If it costs £1m a year to
operate a barge which is written off over 5 years, the cost of laying 200 km of barrier reef will be
about £320 a metre, or even less if we can raise the cost of landfill disposal.
Everybody from wading birds to wind surfers likes lagoons. Fish love being near wrecks and
coral reefs. The tyre tube can include crevices designed to appeal to lobsters. The dream result
would be that hard fouling and coral would form on exposed tyre surfaces and take over the
structural duty before the ropes chafe through. This suggests that we should pay great attention
to advice from marine biologists. The main worry is that artificial sand banks would rob
downstream beaches of replenishment material before construction is complete so the direction
of installation must be carefully considered.
The necessary work would be to establish the local fluid loads so that we can confirm the choice
rope which is our main cost driver. The tight curvature of knots can halve the working strength
of a rope so we need to use crimping splicing or an even cleverer technique. Next we do tests,
initially in tanks, on the sedimentation rate so that we can match tube diameter to water depth
and distance offshore. We must also estimate the extra stability given to a sandbank built round
a tyre tube compared with the natural kind which are known to move. If these numbers look
attractive we can proceed with design of the installation barge, its tractor legs and arms.
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Figure 4. A cross section of the tube of tyres which have a negative cost. Each is lashed to its near neighbours.
Adjacent pairs are tied to diametrally opposite pairs. Tyre placement and lashing are carried out by robot arms
on a jack-up barge. The tube is half filled by water jetting, then by natural deposition.

6.

Increasing Cloud Albedo

If it is the case that the root cause of increased floods is the global warming caused by
greenhouse gases which retain solar heat, it follows that a method which could reflect solar
radiation back into space could reduce, or even reverse, the unwanted effects. John Latham,
former head of atmospheric physics at UMIST, has shown (1990) (2002) that the albedo of lowlevel maritime clouds could be increased by the injection at sea level of small droplets of sea
water sized at about 0.1 microns. The amounts needed are amazingly small. In the second
paper he suggests that 0.3 kg per hour per square kilometre would allow the doubling of
atmospheric CO2. The lifetime of the droplets is about a week so the technique is continuously
adjustable. People should not be worried about the material used.
The necessary engineering could combine ideas from the spray turbine project mentioned above
with the satellite GPS methods already being used by operators of long distance freight vehicles
to track their positions. A fleet of unmanned sailing vessels would move beam on to their local
wind. On a beam reach a well-designed yacht can move considerably faster than the wind. It
would spray negatively charged droplets of sea-water, which would rise in the normal
atmospheric electric field.
Droplets of spray can be charged by using a nozzle with a conductive core but an insulated
surface such as anodised titanium. If the water feed is electrically connected to the sea and the
droplets are broken up while they are still in the field created by the nozzle they will be given a
charge opposite to the potential of the conducting nozzle core. It is interesting that no current is
drawn from the voltage source. The energy comes from the higher pressure needed to pump
water through the nozzle. People who use water spray to clean large oil tanks have to be careful
about not generating charged droplets but they learned about this the painful way.
The droplet diameter calculated by Latham is much smaller than those estimated for the spray
turbine rain-making application and so much more of the energy taken from the wind will be
needed for droplet generation. Nevertheless the area of coverage and the spray rate match quite
well. If the vessel-to-wind-speed ratio is K, the wind-speed V and the droplet life-time T, the
area swept by each vessel is KV2T2 . With K = 1.5 V = 6 m/sec and T = 300,000 sec the area
covered by one vessel is 4.8 x 1012 square metres. The spray volume would need to be 0.4 m3 a
second. Even with frequent calms and a large fraction of idle time, the number of vessels
needed to adjust the albedo of the 3.7 x 1014 m2 of all the oceans to the Latham level is only a
few hundred and quite achievable. It would not of course be necessary to do all of them. Some of
the experimental work to check the Latham predictions could be done in the cloud chamber
discussed above for the study of pre-emptive cloud seeding.
Unmanned yachts might do better with solid vertical wing sails than canvas ones worked by
ropes. If the angle of the foils is set by controlling the moment on them rather than by setting the
angle directly, they can automatically self-limit the wind load. Indeed at zero angle of incidence
the drag on an aerofoil is many times lower than that on a round spar inside it. Another option
would be use some of the energy from the Darrieus rotor to drive screw propellers.
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