[bookmark: _GoBack]DE-WATERING OF GROUND

In order to carry out construction work below surface levels, it is normally necessary for the working area to be reasonable free from standing water. Therefore, the ground water flow must either be blocked or carried away. The type of soil, the height of the water table, the depth of the excavation and its shape all influence the choice of method of dealing with water flow in and around the excavation works and a variety of methods is available. The following figure shows which method to choose according to the particle size.
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Figure 1. (Harris, 1994)
As it can be seen, for the majority of granular soils, pumping methods are most appropriate. For medium to coarse gravels however, permeability of the material is usually too high for pumping and cement grouting may be necessary. At the other extreme, clay is an impermeable soil and therefore, water seepage would not be a major problem, any surface run-off could be adequately removed from a sump. Silty soils are particularly troublesome and often cannot be effectively de-watered by pumping. Either electro-osmosis, or more usually, ground freezing or grouting should be considered.
Temporary and permanent methods can be differentiated, showing a classification in the following list. But many of them have already been seen before, so we will only focus on the new ones to explain.
Temporary	- pump systems
		- sheet piling
		- cofferdams
		- horizontal drains
		- electro-osmosis
		- ground freezing
Permanent	- Drainage
- Diaphragm walls
		- slurry trench cut-off
		- thin grouted membrane
		- contiguous/secant piling
		- pressure grouting
Pump systems
The systems to be described are the following:
· Sump pumping
· Well point system
· Deep bored wells
Sump pumping
This solution pumps away the water in the excavation to prevent flooding and maintain access. Sump pumping is suitable for most soils but can only be used for excavations of up to five metres deep. This depth is limited by the suction lift of the pump. The sump must be lower than the general level of the excavation to prevent water from standing on the bottom and keep the inlet pipe submerged. The bottom of the excavation should be provided with a small gradient, falling towards the sump.
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Figure 2. (Warren, 1996).
When there is a large area to drain or the excavation is expected to remain open for some time, it may be necessary to dig small channels filled with gravel called “grips” falling towards the sump. These grips can be also peripheral around the edge of the excavation.
The pumps used can be of piston or centrifugal. 
· Piston pumps work because one-way valve system allows water into the piston chamber on the upward stroke and out of the piston chamber via another valve on the downward stroke. These pistons are usually operated together (double-acting pump). These pumps are of low capacity up to 3600 litres per hour.
· Centrifugal pumps are high volume, high pressure pumps (between 3600 and 90000 litres per hour). They work by a rotating impeller, immersed in water, forcing the water round at high speed against the outer manifold which contains the exit valve.
[image: ]
Figure 3. (Warren, 1996).
Well point system
The well point system works on the principle of lowering the surrounding water table, to a point below the intended level of excavation. If it is carried out before the excavation, the dig is said to be excavated in “dry” conditions. It is suitable for most granular materials and cheap, and it is the most popular system of ground water control used today.
The well pipe is first jetted into the ground by forcing water out of the end of the pipe and liquefying the ground. The pump usually used is a centrifugal pump with an output of about 75000 litres per hour at a pressure of 700 kN/m2. This mobilises the soil particles by forming the “quick condition” and the pipe sinks into the ground under its own weight. Once at the required depth, the water pumping is gradually slowed to a stop and the soil is allowed to settle. Finally, the pump is reversed so that the pipe now acts as a well and ground water can be extracted.
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Figure 4. (Warren, 1996).

Deep bored wells
If the ground is not suitable for the well point system, or if depths in excess of five metres are required, deep bored wells may be employed. A pump is lowered to the bottom of the deep well to dewater the ground. The hole is bored with conventional drilling or boring machines and a steel lining is left in place of 300 to 600 mm in diameter. Another steel tube is placed inside the well called the inner lining which is perforated and in which a submersible pump is placed. The space between the two linings is filled with permeable material.
When the pump is working, a conical depression forms in the water table as it does for well-point system. The radius of this depression depends on the permeability of the soil and determines the spacing of wells.
Drainage
This is often the cheapest method of ground water control, especially if a pumping station is not required. We can have horizontal (French drains) and vertical (sand drains) solutions.
French drains are commonly used to protect road formation or excavations perimeter from ground water. They keep the water table well below the formation. They are made by the excavation of trenches filled with gravel and a drainage pipe inside. It is useful to protect the drainage pipe with a geotextile in order to avoid any fine particles inside that could block it.
[image: http://www.greenthumblandscape.net/photos/drains/french_drain_gt.gif]
Figure 5. (http://www.greenthumblandscape.net).
Vertical drains consist of holes drilled in the ground at close centres and filled with sand or some form of geotextile strip which allows an easy passage for ground water. It is used in clay soils, and it is needed a greater load over this soil to help dewatering and consolidation. This process may take a long time if the clay is thick. The installation of vertical drains speeds up the evacuation of water.
[image: http://geotip.igt.ethz.ch/mediaHandler.php?gfile=0000000229_002_w.gif&gtype=picture]
Figure 6. (http://geotip.igt.ethz.ch).
Electro-osmosis
This is an expensive method of dewatering but can be effective to dewater cohesive soils, i.e. clay. All soils carry a –ve charge whilst water carries a +ve charge. Within the clay the opposite charges attract, holding the water in place, thus forming a stable structure and slowing down dewatering. This natural balance can be upset by applying a positive electrical charge to the filter of the inlet of the pump and a negative charge to the soil, using a steel probe.
The water is then attracted to the inlet of the pump and is pumped away. This method can substantially increase the rate of water extraction but a large amount of electrical power is required and the effect is local.
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Figure 7. (Warren, 1996).
Ground-freezing
This method has been used extensively in tunnelling to construct shafts as deep as 200 m and in driving tunnels to control ground water. It provides a waterproof barrier in poor ground and, at the same time, stabilises the sides of the excavation. The method consists of steel freeze pipes 100 mm in diameter and as long as is required, placed in the soil at about one metre centres. A heavy solution of brine (containing calcium chloride) is circulated through the pipes to a refrigeration unit, which can be truck mounted.
The refrigeration unit maintains a temperature between -15 and -25°C and circulates the brine through the pipes causing the surrounding soil to freeze. A wall of ice is produced in the ground one metre thick (10 days of operation are needed in sand and gravel, and 17 days in clay).
This system is competitive with other systems below depths of nine metres, and it becomes cheaper as depth increases. The only limit to the depth is the length of the freeze pipes.
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Figure 8. (Warren, 1996).
Slurry trench cut-off
This is a cast, in situ cement slurry or concrete wall which is designed to provide a water barrier but not to resist earth pressure. It can be installed by drilling, augering or any of the excavation methods used for diaphragm walls. It is suitable for silts, sands and gravels and must be used in conjunction with some form of support for the excavation or with a battered excavation.
Thin-grouted membranes
This is the same as the slurry trench cut-off but suitable for poor ground such as silt or a mixture of clay, silt and sand. The grouted void is formed by the penetration of Universal column steel sections or Rectangular Hollow sections piled into the ground. The sections are removed slowly and the void left by the extracted steel section is grouted under pressure. This is achieved by welding a small diameter tube to the web of the steel section and forcing grout down it under pressure to fill the void before the soil has a chance to close.
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Figure 9. (John Greville’s notes).
Pressure grouting
This is used in highly permeable soils such as fissured rocks. Bore holes are drilled at close centres and cement slurry is pumped in via the drill tube at high pressure. Pressure will build when all fissures and cavities are filled and the drill is slowly removed. This method requires extensive grouting to be sure of obtaining a waterproof curtain and to fill all the fissures and cavities. 
The grout may be composed of cement, chemical grout, pulverised fuel as cement grout, and the result is permeable barrier which will not stop water seepage on its own, but it can be used as a bulk filler. 
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