Water Well Drilling Course

Well Design Specifications- for handpump attachment.

· Design discharge : 0.5 l/s
· Casing diameter : 4” (100mm) virtually all handpumps will fit in 4” inch casing.
· Screen diameter : 4” (100) i.e. screen will be threaded to the casing.
· Sump : 4” (100) diameter & 1m length.
· Rest water level : approx. 7m – on basis of information from existing boreholes in the vicinity.
· Pumping water level :     expected drawdown is approximately 1m.
Using Logans equation drawdown = 0.5m 

s=1.22Q/T

s=1.22 * (0.5*0.001*86400)/100 = 0.5m

Where transmissivity is 100 m2/day. Given that the aquifer is known to consist of fine/medium/ coarse layers of sand aquifer permeability is taken as 5m/day and saturated thickness is known to be of approximately 20m.

Using Jacobs equation drawdown = 0.67m

  s  = 2.3Q/4(3.14)T * log (2.25 * T * t)/ r2 * S

t (time) = 365 days

S (storativity) = 0.1 i.e. mixed sand value.

r  (well radius) = 0.05m

Q = 0.5 l/s                

T = 100m2/day

Therefore pumping water level = 8m

· Screen type & dimensions:

PVC slot screen – open area 5%

Screen length: to keep entrance velocity below 0.3m/s the screen needs to be greater than or equal to 1m. Typically screen comes in lengths of 3m and therefore a screen of 3m will be used.

Velocity = Q/(3.14*length*diameter) * 5%   

diameter = 0.1

Q = 0.005m3/s

V = 0.03m/s

Length = 1m

· Total depth = 14m  (see figure 1).

NB. Pump placement above the screen should incorporate an allowance for water level fall. In this case  2m was selected as being sufficient  distance between pumping water level and the screen.

· Well development : given the particle size uniformity  of the aquifer a geotextile sock will be utilised to prevent the intrusion of fines into the well. A geotextile sock is preferred to an artificial gravel pack due to greater ease of placement i.e gravel pack placement requires a wider borehole.

· Grouting: 

a) Grouting in the top section of the well should be carried out with cement such that it forms a sanitary seal.

b) Grouting in the lower section of the borehole should be carried out with a gravel backfill such that it acts as a formation stabiliser. This backfill should rise above the screen to allow for any settlement.

Construction of Main Borehole

The main borehole, as outlined above, was constructed using a rotary drilling rig. Except where stated the borehole was  constructed in keeping with the forementioned design specifications.

Assembly of Rotary Rig: 

This particular direct circulation rig(Eureka) is unique in that the entire drilling operation is self contained, with the trailer itself acting as a mud pit. Assembly should not take much more than half an hour  given a crew requirement of 3-4 people. For effective operation of the rig it’s very important to ensure that the trailer is level and resting on solid foundations. To facilitate this the trailer possesses foot jacks which were adjusted until a spirit level confirmed that they were level; to prevent subsidence during drilling(when the weight of both drill pipe and drill fluid have to be supported by the trailer) the bearing load of the jacks should be spread by using timber struts. Once unfolded the rig mast can be easily erected from the bed of the trailer using a pulley system; verticality of the mast is checked using a spirit level.

Operation of Drilling Rig:

 Given the known geology and approximate water table position of the site it could be established that temporary casing was not required. The top section consisted of 4m of clay which was unlikely to  collapse and the presence of the water table at 7m enabled  ample static head to be generated. Largely for the purposes of demonstration the first section of the borehole, in which a small section of  temporary casing was to be inserted after drilling, was carried out using a foam drill fluid as opposed to mud. It should be noted that foam circulation drilling requires no mud pit with the drilling fluid simply overspilling the hole and breaking down naturally, though care was taken to ensure that it did not reach a nearby drainage ditch.The temporary casing available was 3.24m in length  but it was only inserted 2.66m into the ground such that a flange could connected to the extruding section and consequently the trailer mud channel could be attached (see figure 2). In carrying out this foam drilling process  the following steps were followed:

· Ensure that selected drill bit(clay cutter) is appropriate for the selected casing/screen through test insertion.

· Prepare the drilling fluid mix: for foam drilling the mix incorporates  1.5% foam fluid, polymer and water. Firstly a suitable polymer:water ratio(0.33 litre :200 litre) was established such that a viscosity test (using the Marsh funnel) gave a measurement of as close to 40 seconds as possible. This viscosity provides good carrying ability. It should be noted that the polymer is mixed with the water through a technique known as shear mixing whereby the liquid polymer is poured slowly into the water containing vessel whilst a circulatory pumping mechanism is mixing the solution. This facilitates good mixing  and reduces the building time of the polymer, a chemical process whereby the polymer thickens. Generally 30 minutes is sufficient building time and the  viscosity reading at this point should be close to 40seconds. To this mix the foam is added in a proportion of 1.5%. When drilling starts this foam will be injected into hole at a velocity of about 2 l/s

· ‘Chalk-up’ drill pipe. Taking the rig table as point zero (i.e. 1.1m of the ground) drill pipe is marked at half metre intervals using chalk so that drilling depth can be accurately observed throughout the process. This is particularly  useful when relating drill samples/ driller observations to depth.

· During drilling samples were taken every half metre.

N.B. during this foam drilling the clay clogged up and cuttings formed a shell around the drill pipe as opposed to being carried up the hole by the foam in small pieces. This was largely thought to be the result of a blunt drill bit. The clay shell that formed around the drill pipe was sliced off using a spade and to prevent back-slip of this material into the hole a small piece(0.5m) of casing was inserted around the hole such material fell over the lip and out of the way. 

Once the pre-marked drill depth of 2.66m was reached the drill fluid was changed from foam to mud. At this point the drill string was removed, the length of temporary casing  inserted and the flange connected. This enabled attachment of the channel that allows flow of the drill mud back to the trailer mud pit. It should be noted that the piece of temporary surface casing was sealed through addition of a bentonite filler which ensures that circulating fluid does travel up the outside of the casing.  This changeover of drill fluid type involved several steps:

· Preparation of drill mud in the trailer mud pit. Once filled with water a powder polymer (Dri Flo) was added via a hopper and shearing mixed using a circulatory pump. Powder polymer was preferred to the liquid form on the basis that less is lost to the aquifer. Viscosity testing using the Marsh funnel was used to ascertain the point(i.e. 30s) at which enough polymer had been added to result in viscosity of approximately 40s after 30mins building. However viscosity monitoring was carried out every 20 minutes throughout drilling to observe any changes in viscosity with time and insure that it was close to the 40s mark.

· Given the problems associated with the blunt drill bit during the foam drilling the bit was swapped for a sharper clay cutter. This was hoped to ensure cleaner cutting , resulting in smaller clay cuttings and consequently more effective transport of the cuttings out of the hole.

· Drilling samples were continued at 0.5 m intervals using a bucket placed underneath the inflow of the trailer mud pit. Furthermore notes were made of any driller comments pertaining to the resistance/drilling rate (see drill log in appendix)

Once the total design borehole depth had been reached a drill pipe with wings was attached just above the drill pipe as a means of reaming the hole; a couple of hard strata were encountered where the drill bit may have deviated from its vertical path. This process of reaming ensures easy and effective insertion of  both casing and the geotextile covered screen, the latter being vulnerable to snagging.

Before inserting the casing, the geotextile covered screen and the sump  were first measured to ensure that they corresponded with the total hole depth. Once inserted a formation stabiliser (gravel backfill) was added using a hopper.

It was decided to fill up the annulus from the bottom of the borehole until 4 m above the top of the screen. 

· Designed borehole diameter = 150mm

· External casing diameter = 113mm

So, gravel volume = (150mm hole)over 8m -  (113mm casing)over 8m

                              = ( x r12 x 8) - ( x r22 x 8)

                              = (2 x d12) - (2 x d22)

                              = 2 x (d12 - d22)

                              = 2 x  (0.152 - 0.1132)

                              = 2 x (0.0225 –0.01)

                              ( 0.06 m3 

The gravel density is roughly 1900kg/m3. Then, 0.06 m3 corresponds to 114 kg of gravels. 

Six bags were used to fill the annulus. These bags correspond to 150kg of sand (30%more than 114kg). This is desirable because the stabilizer bit (Reamer) may have drilled a hole of which the diameter is greater than the 150mm designed.

Well Development

Development was carried out using a technique known as raw-hiding. This involves the air-lifting and dropping of water in the borehole through insertion of an air-hose down the casing to a point slightly above the bottom of the well. The air supply is alternated on and off such that the water rises up(without overflowing) and then falls down the borehole causing a surging of water in and out of the aquifer-thereby removing fines, drill fluid and preventing bridging  of particles. Rawhiding was continued until the water ran clear; approximately 3 hours.

Pumping test

Aim

The aim of the pumping test was to determine an appropriate depth from which water should be pumped. 

Method

1. The rest water level (RWL) was measured with a dipper, and found to be 7.58m below the top of the casing.

2. A decision was made about the location of the submersible pump for the purposes of the test. The pump had to be above the top of the screen to avoid fines entering the pump, and below the pumping water level (PWL), to avoid the pump running dry.

3. The pump was placed at 9m.

4. The borehole was pumped at two different discharges, 0.25 l/s and 0.5 l/s. These were measured using a five litre bucket and a stopwatch (iterative process). It was not considered necessary to pump at a higher discharge since the borehole is designed for a handpump which will only pump at 0.3-0.4 l/s when being used to its full capacity.  

5. During the pumping test, at both discharges, the drawdown levels were monitored and recorded when they had stabilised (5 mins).

6. From this information (see graph below) a decision was made about an appropriate depth for the pump cylinder of a handpump (the depth at which the pump draws water). 

Results
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Conclusion

It is good practice to locate the pump 1m below the pumping water level (PWL), this takes into account any seasonal changes in the water table. Therefore the pump intake should be placed at 9.2m below the top of the casing. At this height the pump is still above the top of the screen.   

It is important to optimise the depth due to the cost of the rising main, and connecting rods, and also for ease of maintenance and repair. 
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Cable Percussion Rig (Dando) 

Assembly:

Assembly and operation of this rig requires only two persons. Essentially it consists of two triangular metal frames that meet at the top and the top and are reinforced with supporting struts. It should be noted that this rig requires fairly level ground for safe and effective opreation. The drilling motor(2 cylinder diesel engine) is supported by a bed of wooden sleepers. Once primed the motor  is started through co-ordination of a hand crank and two starter levers; once sufficient momentum is generated the levers are pushed down simultaneously. Given the known geology of the site the tool string consisted of a clay cutter and two sinker weights. Assembly should not take longer than half an hour.

Operation:
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Diagram 1: Location of pump. All dimensions relative to top of casing
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