TERMS OF REFERENCE FOR DRILLING OF TWELVE BOREHOLES IN

TWIC COUNTY
1. GENERAL CLAUSES 

· GOAL-South Sudan program (herein referred to as the EMPLOYER) is planning to drill Twelve (12) boreholes for Twic County communities. 
· Hydro-geological survey has not been carried out to identify the drilling sites. 
· GOAL-South Sudan is seeking for a contractor to carry out the drilling work and provide the proper tools, machinery, materials and labor for construction of the borehole, its development, pump testing, hand pump installations, apron and drainage works constructions as per specifications
1.2 INFORMATION TO BE SUPPLIED BY GOAL - South Sudan 

GOAL South Sudan will supply available information about the possible hydro geological conditions at the drilling site. It should be clear that this information does not hold GOAL responsible for the locally different conditions at the specific drilling site or for the particular constraints the contractor may encounter while carrying out this work. The contractor is expected to verify site conditions prior to commencement of drilling works.
 1.3 DRILLING SITES. 

Though not yet finalized GOAL – South Sudan will provide locations indicating the drilling sites and relative distances from Wunrock centre where the drilling will to be carried out. The furthest site from Wunrock centre is estimated to be 40Km; the contractor may use this information to provide quotations for mobilization. The contractor will clear all debris of any kind, and leave the site, as far as is possible, in the original condition, once the work has been finished, the borehole developed and test-pumping done. 

1.4 HYDROGEOLOGY 

Ground water is expected within weathered/fractured portions of the rock outcroppings in the area. Subsurface conditions generally consist of clay or sandy clay aquicludes and fine sand and gravel aquifers. The principal productive layers would generally be two aquifers, located between 25-28m b.g.l and 40-46m b.g.l.(Source; drilling reports for bore holes formerly drilled by GOAL and other partners in the same region).Drilling conditions are not expected to be difficult, although the driller should be prepared to deal with unstable, collapsing water-bearing top formations.

1.5 GEOPHYSICS. 

Twic has a great abundance of ground water with high water tables, based on the hydro geological information provided above. To that end, Vertical Electrical Soundings (V.E.S.) was not conducted. 

2 ROLES OF THE CONTRACTOR 

 2.1 DRILLING 

Borehole drilling and construction will be supervised by the GOAL Field WatSan Team in collaboration with the Local Authority (Rural Development Office) personnel. Owing to the limited technical capacity of the Local Authority GOAL Field Team will have the final authority in making technical decisions to the Contractor 
2.2 DRILLING METHODOLOGY 

The rig to be deployed must be capable of drilling to at least a depth of 25% beyond the anticipated final depth at the final required diameter. Temporary casing may be installed in the borehole to prevent formation heave, collapse or sloughing.  

· The anticipated depth of the boreholes has been shown in the annex 1 and if the actual depth of the borehole being drilled justifies any additional depth in the specification, the contractor will request the authorization of GOAL for such changes to be made. 

· The Contractor will be required to state the specifications of the drilling equipment that will be used. 
· The communications will be made in writing and shall be properly recorded by GOAL. In every case, if the actual characteristic of the well differs from those indicated in the terms of reference, and once the changes have been authorized by GOAL, a price adjustment may be made according to the final depth of the well, and the unit price rendered by the contractor in his original proposal. 

The boreholes may be drilled by any of the following drilling methods 

· Direct rotary flush using air as the circulating fluid (approved surfactants and artificial foam stiffening additives may be used if ground conditions warrant their use as approved by GOAL’s agent. Fluid additives of bentonitic type will not be accepted for use in these works: instead either cellulose based reconstitution powder, or liquid polymeric additives will be required for viscosity enhancement. The contractor will be required to state the type of polymer to be used, and describe the means by which the selected fluid additive will be mixed. 

2.3 BOREHOLE CONSTRUCTION. (Drawing to be done by the contractor after actual construction based on the approved casing string design by GOAL)
· The exact location of the borehole shall be identified in agreement with the local communities in consultation with the GOAL WatSan Team. Care should be taken to ensure that the sites selected for the hand pump facility are preferably within the communities and should at least be not more than 500 meters from the where at least 80% of people of that village / community live.  The site should not be in a place that gets flooded in the rainy season and should be away from the flood plain area of any streams or rivers in the locality. Special care must be taken to ensure that the sites chosen are at least 50 meters away from toilet pits or any other sources of pollution such as grave yard, stagnant pools of dirty water or animal pens 

· At least two alternative (2) sites shall be identified at each location, which the contractor can move to in the event of the first site bore hole being considered dry; GOAL shall approve movement to the alternative site and meet relative additional mobilization costs incurred for that particular location. 

· Boreholes will be drilled with telescopic diameters; the first 6 meters from the surface will have concrete grouting for sanitary protection. For this the bore hole will be drilled at 8 inches nominal internal diameter and concrete grouting placed in the annular space between the inner casing and outer surface casing. The pilot borehole will be drilled to 6 inches nominal internal diameter to allow easy lowering of 4 inches U - PVC casing and allow for gravel pack.  The reaming diameter will be based on the type of casing the contractor will use (As Specified in cl 2.5).   
· Boreholes shall be drilled to such depths as to penetrate below the shallow water table aquifers and tap the first potential deeper aquifer or aquifers in confined/semi-confined conditions with a minimum discharge of 0.25 liters per second to sustain continuous and reliable operation of hand pumps fitted on them.  The depth to be drilled should be at least, but not more than, six (6) meters below the main aquifer to provide proper installation of a hand pump and to provide a sand trap of 3 meters.  If the discharge is less than 0.25 liters/sec., a decision to abandon the borehole or continue to drill deeper will be at the discretion of GOAL Technical Team.

· The outer surface casing shall terminate not less than 0.1 metre above original ground level, while the inner casing shall terminate no more than 0.2 metres above ground level
· Dry boreholes are defined as:

· A borehole having no water bearing zones/aquifers.

· A Borehole that has insufficient discharge (less than 0.25 liters/second).

· A borehole with stabilized Dynamic Water Levels more than 45 meters at minimum acceptable discharge of 0.25 liters/second or a draw down of more than 30 meters.

· A borehole that has failed verticality test (See 3.4 below)

· Hand pump facility is unable to provide discharge of 0.25 liters per second. The hand pump installed on such borehole is unable to sustain continuous use by the communities through out the day. 
· It will be the duty of the contractor to inform the regional RDWO at least 48 hrs in advance as to when the commencement of the drilling will be, for RDWO to organize for supervision.
Information concerning the borehole. 

· The contractor will supply a detailed borehole geo-log data, in which all the relevant information and drilling velocity, well casing and other well construction operations will be recorded. The contractor will also annotate all information pertaining to the appearance of water filtrations and aquifer, types of rock found and sampling details.

· The contractor will be required to complete the log forms for the borehole. 

· The contractor will collect 2 litres sample in a clean plastic bottle from the borehole for reference to a competent Water Testing Authority or recognized Water Testing Laboratory for full physical, chemical and bacteriological analysis of the water to ascertain its suitability for human consumption.

· The contractor will provide the Borehole Completion Record Certificate immediately upon completion of the drilling work. The Borehole Completion Record will also be accompanied by Water quality certificates capturing bacteriological, chemical and physical water qualities.

2.4 Casings and diameters. 

· The drilling of the borehole will be carried out according to the characteristics specified in this ToR and appendix of the specifications (BoQ), using the proper drilling tools, drive pipes, casing pipes with centralizers to ensure that the casing string is central within the hole, gravel packs and sanitary protection (seals) should isolate the aquifers from other formations, which are considered improper for the exploitation of wholesome water.
2.4.1 Screen Casing

· The Contractor will use proprietary; factory-made UPVC slotted screens, the slot size and screen length depending on the aquifer materials and aquifer thickness.  The Contractor will take sole responsibility of designing the well assembly and placing screen and casing at appropriate depths to match the positioning of the aquifer(s) which will be approved by GOAL. Slotted screens should be of ISO standard and have the following specifications: U-PVC Class 9/10, drinking water standards, non toxic and  in standard lengths of three (3) meters in length, nominal inside diameter of 4 inches  slot width 0.8 mm and not more than 1mm, and open area as percentage of internal surface area 9.26% per linear meter.  Depending on the aquifer, the Contractor may choose an appropriate slot width other than 0.8 mm.  

2.4.2 Plain Casing

· Inner Casing pipe should be of ISO standard and have the following specifications: U-PVC Class 10, drinking water standards, non toxic and  in standard lengths of three (3) meters in length, nominal inside diameter of  4 inches casing, flush jointed for internal diameter of 4 inches and in lengths of 3 meters. The boreholes will be fully cased up to bottom of the borehole.  The joints are properly cleaned with the cleaning fluids and cemented with recommended solvent cement by the manufacturers of the casing pipes and screen. Wait for recommended time for the joint set firmly before lowering into the borehole. 
2.4.3 Permanent Casing

· Outer permanent surface Casing pipe should be of ISO standard and have the following specifications: U-PVC Class 10, drinking water standards, non toxic and  in standard lengths of three (3) or six (6) meters in length, nominal inside diameter of  6 inches casing, flush jointed for internal diameter of 6 inches and in lengths of 3 meters. The boreholes will be fully cased up to bottom of the borehole.  The joints are properly cleaned with the cleaning fluids and cemented with recommended solvent cement by the manufacturers of the casing pipes and screen. Wait for recommended time for the joint set firmly before lowering into the borehole. 

· The Contractor will take all necessary precautions during the transportation and storage of casing pipes from their warehouse to drilling site to prevent distortions, bending or deformation of the pipe that could result in eccentricity along the length of the pipe. A maximum of 3 meter length of sand trap will be part of the well design when boreholes are cased to the bottom.  The sand trap will be from UPVC casing pipe with specifications described above ; fitted to the end of last screen and bottom end with an end-cap.  The end cap is glued with appropriate solvent cement or solutions as recommended by the UPVC manufacturer.  Note that the joints sections are properly cleaned with cleaning fluids and recommended time given for the joint set firmly before lowering into the borehole.

· The borehole construction design including casing string will be authorized by GOAL WatSan Team before the plain casing, screen casings and gravel pack are introduced into the borehole..
3. GRAVEL PACKING, DEVELOPMENT AND TEST PUMPING. 

3.1 Development. 

· On completion of drilling, the Contractor will choose a suitable and appropriate borehole development method.  The borehole shall be developed for a period of at least ten (10) hours in order to obtain a maximum yield of water that is free of suspended matter.  Developing shall be carried out by airlift pumping and surging, jetting and block surging, or other techniques the contractor feels is more appropriate and efficient to suit the hydro-geological  and drilling conditions prevailing in that borehole.  Development will be considered complete only when less than 15 ppm of suspended solids remains in the water. It is recommended that flushing be done for a minimum of 10 hours. All boreholes shall be presented for testing free of any bridging or obstruction to the total depth.

3.2 Gravel Packing

· The contractor shall supply and install filter pack/formation stabiliser. The material shall be 2-4mm diameter, clean well rounded siliceous gravel with no more than 5% non-siliceous material. The pack must be approved by GOAL prior to installation. Installation of filter pack/formation stabiliser may be water washdown or reverse circulation methods.  In the latter case a pump set or airlift string shall be installed in the borehole so as to encourage material settlement.  The filter pack shall terminate not less than 3m above the uppermost screen when stabilised, or as otherwise directed by GOAL. The Contractor shall provide a means by which this level may be measured.

· Backfill material shall comprise fine or clayey drill cuttings and shall be installed from the top of the filter pack to 3m bgl unless otherwise directed by GOAL.  The installation method must ensure that no bridging occurs within the annular space.The Contractor shall measure the depth to the top of the backfill and provide the means by which this level may be measured.

· Any casing and/or screen damage during installation, gravel packing and well development shall be the responsibility of the CONTRACTOR, who shall make the necessary corrections/repairs without additional cost to the GOAL. When well development is completed, the gravel packing will be topped up if it is found settling below the required depth.

3.3 Test Pumping and Recovery Test. 

· Pumping test will be for six hours, of which first 2 hours is step draw down test and 4 hours of continuous test. A pumping test is required on a routine basis for each borehole.  The Contractor will estimate the discharge from the air lifting rates during borehole development.  Based on the estimated discharge, the Contractor will certify the borehole as either "successful" or "lost".  For successful boreholes, the Contractor will undertake a six hour pump testing of which the first two hour is a three steps draw down test.   The discharges for the step drawdown test will be fixed by the supervisor based on the well development results.
· The minimum discharge is 0.25 liters / sec. and the second is close to estimated discharge from well development and the last could be 50 to 75% more than the estimated discharge.  As a thumb rule the three steps could be 1.5 liter/Sec or above depending of development results, 0.75 liters /Sec and 0.25 liters/ Sec. and each step for 40 minutes (total 2 Hours) the remaining 4 hours at discharge at which the dynamic water levels gets stabilizes. Annex 3 and 4 show the formats for recording pump test data. If the discharge is below 0.25 liters/second or dynamic water level is below 45 meters then the borehole will be regarded as "Lost". 

· Recovery test will be for one hour or such time when the there is at least recovery of 80% of the static water level noted at the start of the pump test. The pump test data and the results of pump test is presented in the standard form attached (Annex 5)
· The Contractor shall have on the site a 900 V-notch weir, preceded by a tank with baffles, for the measurement of flows. Small flow (less than 0.25 liters/second) can be measured by timing the filling of a vessel of known volume.  The Contractor shall also have on site an operating electric dip meter, calibrated in centimeters, and with visual/audible indicator of when the water level is reached.

· Readings of flow and water level shall be taken at the intervals defined on the test pumping form.  For accurate measurement, an electrical/ sonic water level indicator with graduated tape for taking water level readings. Recovery readings shall be taken for a minimum of 1 hour, during which period airlifting or pumping equipment shall not be removed from the borehole.

3.3 Other specifications. 

The contractor will evacuate all pumped water in such a way that no impoundments are produced at distances less than 200 metres from the borehole. The contractor will provide all necessary elements for this purpose which include provision of all necessary implements and pumping equipment i.e. weirs, pipes, gauges etc for the proper measurement of discharge rates and water levels and disposal of extracts. 

3.4 Well plumpness and alignment. 

3.4.1 Tests. 

The borehole should be tested for plumpness and alignment by means of a 12 metre long, and perfectly straight, steel pipe that should be introduced along the whole borehole. The external diameter of this should, at most, be 13 mm less than the well casing inside diameter. This pipe will be supplied by the contractor. 

3.4.2 Minimum Requirements. 

Such a test pipe, as described above should easily move through the whole borehole. The loss of plumpness of the well’s axis should never be more than 2/3 of the smaller inside diameter of the casing. If these minimum requirements are not met by the well, the contractor will be required to correct the defects, other wise GOAL - South Sudan will reject the borehole and no payments will be made for its drilling and completion. This test should normally be done before pump testing the well in the presence of the agent appointed by GOAL and/or the RDWO authorized staff. 

3.5 Protection of water quality, disinfections and sampling. 

3.5.1 Borehole Protection. 

The contractor will take maximum care to avoid the physical, chemical or bacteriological contamination of the borehole water, during the construction and after construction operations. In any case, where water is polluted due to the contractors neglect, he will be obliged to carry out all the necessary operations, at his own cost, in order to rectify such pollution of the borehole. 

3.5.2 Well sterilization. 

Once the well has been completed and tested, disinfection will be undertaken by introducing granular Calcium Hypo-chlorite, Sodium Hypochlorite into the annular space along with the gravel pack material at a concentration of 500grammes per cubic metre of pack. This will initiate the process of sterilizing the bore hole and the chlorine solution should stay in the well for at least four hours, at the specified concentration.  

3.5.3 Samples.  
· The contractor will take at least one sample every two meters of drilling, unless a change in formation is encountered by the driller. In such cases, additional samples should be taken. The minimum weight of each sample should be 100grams. 

· The contractor will keep a complete record of the samples taken from the cuttings during the drilling operation, in properly packed and identified sample bags, and all will be made available to GOAL upon request or upon request from RDWO office. 

· The contractor will supply a detailed borehole geo-log data, in which all the relevant information and drilling velocity, well casing and other well construction operations will be recorded. The contractor will also annotate all information pertaining to the appearance of water filtrations and aquifer, types of rock found and sampling details. 

· The contractor will be required to complete the log forms for the borehole. (Ref Annex  6 

· The contractor will provide the Borehole Completion Record immediately upon completion of the drilling work.(Annex 7) The Borehole Completion Record will also be accompanied by Water quality certificates capturing, chemical and physical water qualities
· For each rock sample that has not been taken the contractor will be fined a penalty amounting to 1 per cent of the total value of the well and this will be deducted from the final payment. If the total amount of samples not taken is more than 15% of the specified number, the well should be started again and GOAL will not make any payments for this additional work. 

3.5.4 Water samples. 

The contractor will take two (2) litre samples in a clean plastic bottle from the borehole for reference to a Water Testing Authority recognized and authorized by GOAL for laboratory analysis, after completion of test pumping. One sample will be used for each of these tests; physical and chemical analysis, which should be collected in clean, sterilized properly sealed and protected plastic containers. The samples so collected should reach the authorized Water Testing Laboratories, within 6 hours from the time of collection from the borehole unless otherwise. Specific parameters to be measured shall include;
· Physical Parameters – Colour, Odour, Taste, Turbidity, pH Value, Electrical Conductivity, Temperature

· Chemical Parameters – Nitrate, Nitrite, Total Hardness, Fluoride, Chloride, Sulphate, Copper, Manganese, TDS, Total Iron, Arsenic

· Biological Parameters – Faecal Coli form Counts

3.5.5 Particle Content in Pumped Water. 

The water drawn out of the well will be acceptable if it has a sand particle content of less than 5 milligrams per cubic metre. In case this allowed maximum limit is not met, the contractor will make all necessary adjustments to the well structure, at his own expense, in order to meet these specifications. 

3.6 Finishing Works 

3.6.1 Temporary Lid.
The contractor will pay close attention to the due protection of the mouth of the borehole against the entrance of water or any other pollutants while drilling or after the completion of the borehole. For this purpose, the contractor will provide a lid to be placed on the mouth of the well at any time the drilling rig is not in operation. 

3.6.2 Sanitary Protection Seal and Well Head Construction 

· After completion of the pumping test, removal of the test pumping unit and after the last water level recovery observations have been made, the level of the gravel pack will again be checked to see if there is any settlement below the required depth. If it is found below the required depth, it will be topped up to the appropriate level. Based on the actual situation, the annular space between the well and the permanent 6” casing will be cement grouted down to at least 6m from the surface in order to prevent contamination of the borehole by surface run-off water
· The surface/outer permanent casing must protrude 0.1 meters above the concrete apron.  Furthermore, a platform should be constructed according to the design with installation of appropriate to Indian Mark II hand pumps depending on the water levels. 
· Specifications related with wellhead construction, installation of pumps have been indicated in the Specifications and Bill of Quantities Part.
4.0 
ABANDONED BOREHOLE. 

· If the contractor is not able to finish the drilling or has to abandon the borehole due to loss of tools, accidents or any unforeseeable circumstances, the contractor should remove the casings or drive pipes already in the hole and refill it with clay or concrete. All materials extracted from the hole, after refilling it will be the property of the contractor.

· In case a situation described above occurs, GOAL - South Sudan will not pay for any of the work carried out, and will authorize in advance the drilling of a new hole, at a site near the abandoned one if need be, at the contractor’s expenses. 

5.0
 Report Compilation

A detailed drilling report, including coordinates of each borehole location the construction and drilling rate logs, water rests, water strikes, screen and casing arrangement with a detailed sketch, pumping test analyses and all required suggestions and recommendations (recommended hand pump type, capacity, pump positioning and other relevant data) shall be compiled and submitted in a bound report in three hard copies and 1 electronic copy to GOAL, before final payment is made to the CONTRACTOR.

TECHNICAL Specifications - SCOPE OF WORK FOR CONSTRUCTION / CIVIL WORKS

6.0 Intent of the contract

The intent is to provide for the construction and completion in every detail of the work described in the contract. The contractor shall furnish all labors, materials, equipment, tool, transportation and supplies required to complete the work in accordance with the drawings, specification and terms of the contract. 

6.2 Alterations in Drawings/Specifications

The contractor cannot deviate from construction designs/or Specification, but can advise/ and seek approval from GOAL in making alterations in the drawings or character of the work as may be considered necessary or desirable during the progress of the work for satisfactory completion of the proposed.

6.3 Clearing of project site

Upon completion of the work/project and before the acceptance and final payment made, there of the contractor shall remove all false work, debris, and temporary structures  

7.0 CONTROL OF WORK

7.1 Drawings/Design

This is included in the contract document showing general details as are necessary to give an idea of the stipulated construction/installation work. In some cases contractor maybe asked to provide working plans for execution of the works and those plan of the contractor would be the approved working plan after being scrutinized by GOAL Field Technical Staff.

7.2 Conformity of work with plans

All work performed and materials furnished shall be in conformity with the drawing and description of BOQ’s dimensions and material requirements

In the event that GOAL Technical Team finds the materials, or the finished product in which the materials are used/the work performed are not in conformity with the plans and specifications and has resulted in inferior or unsatisfactory product, the work or material shall be removed and replaced or otherwise corrected at the expense of the contractor.

7.3 Errors and Omissions in plan or specification

The contractor shall not take advantage of any apparent error or omission which he might discover in the plans or specification but shall forthwith notify GOAL Representatives on such discovery, who will then make such corrections in interpretation as he/ she deems necessary for reflecting the actual spirit and intent of the plan/specification.

8.0 CONTRACTOR’S SUPERVISION

8.1The contractor shall give the work the constant attention necessary to assure the schedule process and quality of work and shall cooperate fully with GOAL Field Team
8.2 The contractor shall at all times have on site as his agent, competent personnel capable of thoroughly interpreting the plans and specifications and experienced in work being performed.

9.0 MATERIALS FOR CONCRETE

9.1 General

The contractor shall employ a fully competent and skilled supervisor for all concrete works, to ensure that required standards and ratios and good workmanship are maintained.

9.2 Cement

Cement shall comply with BS 12 for ordinary Portland cement and shall be free of lumps, the said quality cannot be found contractor shall mention available quality which shall be approved by GOAL otherwise if found on site cement which fails to comply with the above quality and no mention was made prior to the inspection such cement will be removed from site.

9.3 Coarse Aggregates

Coarse aggregate shall be clean, hard, and durable crushed, comply with the requirements of BS 882. The aggregate shall be supplied in the normal sizes called for in the bid and shall be graded in accordance with BS 882 for each normal size.

9.4 Water for Concrete and Water
Water used for concrete mix shall be from source that will be clean, fresh and free from organic matter in solution or suspension in such amount that may impair the strength or durability of the concrete.

9.4 Hand Mixing

Hand mixing maybe carried out subject to agreement with GOAL Field Teams, the mixing will then be done on hard surface. Mechanical concrete mixers are highly recommended for this process.

10.0 CONCRETE SPREADING / PLACING

10.1 Placing / spreading

The surface shall be clean, hard and sound and without any fore-standing water. The concrete shall be carefully worked round all obstructions and that all parts are completely full of compacted/vibrated concrete with no segregation.

Concrete shall not be placed during rain which is sufficiently heavy or prolonged so that matter is worked from coarse concrete on the expose faces in the works.

11.0 FORM WORK 

11.1 Construction of Form and False Work

Formwork and false work shall be constructed such that they will support the loads impose on them by fresh concrete. Ground support shall be properly found on footing designed to prevent settlement.

11.2 Remedial Work to Defective Surfaces

If striping any formwork the concrete surface is found to be defective in anyway, the contractor shall remedy such defects.

Annex 1

Bill of Quantity for Drilling of Twelve Boreholes (See Notes Below)
	Item
	Item description
	Unit 
	Quantity/Bore Hole
	Rate (USD)/Bore Hole
	Amount (USD)/

Bore Hole
	Amount (USD) for 12 Bore Holes (Amount x12)

	1. 
	Mobilization and Transportation of whole drilling unit to, inter-site and from the site 
	L/S
	1
	
	
	

	2.
	Erecting and dismantling of the drilling rig unit at a site.
	L/S
	1
	
	
	

	3. 
	Drilling borehole of 8 inch minimum diameter through all types of strata including disposal of excavated materials; taking any remedial measures to overcome caving- in , or over drilling to accommodate sloughed material and keeping drilling records as specified
	M
	6
	
	
	

	4
	As item 3.0 above but bore hole diameter 6 inch depth between 6m and 60m depth below ground level.
	M
	54
	
	
	

	5. 
	Supply and Install 4 inch nominal internal  diameter Plain UPVC Casings
	M
	51
	
	
	

	6.
	Provision and Installation uPVC Bore Hole End caps
	No
	1
	
	
	

	7
	Provision and Installation uPVC Bore Hole End caps
	No
	1
	
	
	

	8.
	Supply and Install Permanent casing 6 inch nominal internal diameter UPVC casing
	M
	6
	
	
	

	9.
	Supply and Install 4 inch nominal internal diameter Slotted UPVC screens.
	M
	9
	
	
	

	10.
	Allow for taking samples of drill cuttings at two (2) meters intervals.
	No
	31
	
	
	

	11.
	Supply and insert approved special clay.
	L/S
	1
	
	
	

	12.
	Supply and insert filter gravel packing 2mm to 4mm size.
	Ton
	0.4
	
	
	

	13.
	Grout between the inner casing and the outer surface casing for top Six (6) metres.
	M
	6
	
	
	

	14.
	Borehole development work including inserting and removal of development equipment
	Hrs
	10
	
	
	

	15.
	Test pumping step draw down and constant discharge test including installation, removal of test pumping equipment , water level observations and draw down measurements
	Hrs
	6
	
	
	

	16.
	Undertake Water Level observation and record on Recovery 
	L/S
	1
	
	
	

	17.
	Supply of water for drilling operations and field camp
	L/S
	1
	
	
	

	18.
	Carry out physical and chemical analysis of the borehole water.
	L/S
	1
	
	
	

	19.
	Borehole disinfection as specified
	L/S
	1
	
	
	

	20.
	Data analysis, drilling, bore hole completion reports, pump test report, hand pump installation report compilation in three hard copies and 1 electronic copy for each well.
	L/S
	1
	
	
	

	21.
	Supervision of borehole drilling and completion
	L/S
	1
	
	
	

	22.
	Hand pump installation (India Mark II)
	L/S
	1
	
	
	

	23.
	De mobilization of the drilling unit back to base
	L/S
	1
	
	
	

	24.
	Allow for making good and surface reinstatement at the borehole location to the GOAL’s satisfaction This include landscaping
	L/S
	1
	
	
	

	
	
	
	
	
	
	

	Total Cost (USD)
	
	


Exchange rate: I USD = 2 Sudanese Pounds   
Notes

· The Quantities are based on anticipated maximum depth of 60m which may very from one site to another, rates as captured in the agreed BOQs will be used to determine the actual cost after actual field measurements
· The actual sites yet to be determine but the average distance from Wunrok to the furthest site is estimated at 40Km

Annex 2 
Bill of Quantity for Apron and Drainage Constructions 12 Bore Holes Twic County (See Notes Below)
	Item
	Item description
	Unit 
	Quantity
	Rate (USD)
	Amount (USD)

	1. 
	General Excavation of top soil & cart away depth n.e 300mm 
	M2
	132
	
	

	2.
	Excavation for Foundations & cart away
	M3
	7
	
	

	3. 
	Filling well compacted approved material thickness n.e 300mm.
	M3
	40
	
	

	4. 
	Blinding on top fill approved material well compacted thick n.e 50mm 
	M2
	132
	
	

	5.
	Provision and laying of mass concrete in Strip foundation thickness 100mm mix 1:3:6
	M3

	7
	
	

	6.
	Foundation walling (cement/sand mortar blocks mix 1:3 well cured), 150mm thick
	M2
	44
	
	

	7.
	Provision and laying of RC (BRC Mesh) in Slab 150mm thick mix 1:2:4
	M3
	17
	
	

	8.
	Provision and placing of RC in pump platform and drainage channel Slab 150mm thick mix 1:2:4
	M3
	6
	
	

	9.
	Superstructure Apron Surround Walling 150mm thick.
	M
	144
	
	

	10.
	Provision and laying of Screed (1:3) and on internal surfaces drainage channel 25mm thick & on concrete slab.
	M2
	160
	
	

	11.
	General Excavation for Collection Chamber & cart away
	M3
	11.1
	
	

	12.
	Excavation for Soak away pit & cart away
	M3
	13.2
	
	

	13.
	Provision & placing of mass Concrete 1:3:6 50mm thick in Collection chamber base
	M3
	5
	
	

	14.
	Collection chamber walling 100mm thick (Mortar blocks 1:3 properly cured)
	M
	55
	
	

	15.
	Provision and laying of internal plaster (1:3) to collection chamber 15mm thick on concrete slab and walling.
	M2
	40
	
	

	16.
	Provision & laying 100mm PVC pipe from Collection Chamber to Soak away pit with all ancillary works (3m)
	Item
	12
	
	

	17.
	General Landscaping around Bore hole 10m radius
	Item
	12
	
	

	Total Cost (USD)
	


The quantities calculated above are estimates and may vary with site conditions

NB; From the Drawing the Larger Apron Dimensions are reduced from 5000 x 5000mm to 3000 x 3000 for which the quantities above are calculated
       Thickness of concrete in hand pump platform set as 75mm, channel sides thickness 100mm, channel width – 200mm
Annex 3 Test Pumping; Step Draw Down
	PUMP TEST - STEP DRAW DOWN TEST REPORT

	Village;
	GPS  N………… E………… Payam ……………………..
	

	STEP 1 : 
	Discharge set at ( Liters/Second):
	0.25

	TIME ELAPSED  (In Minutes)
	DEPTH TO WATER LEVEL              (Meters) 
	DRAWDOWN                (In meters)
	REMARKS

	0
	
	
	 

	1
	
	
	 

	2
	
	
	 

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	15
	
	
	

	20
	
	
	

	STEP 2:
	Discharge set at ( Liters/Second):
	

	TIME ELAPSED (In Minutes)
	DEPTH TO WATER LEVEL              (Meters) 
	DRAWDOWN                (In meters)
	REMARKS

	0
	 
	 
	 

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 

	4
	 
	 
	 

	5
	 
	 
	 

	6
	 
	 
	 

	7
	 
	 
	 

	8
	 
	 
	 

	9
	 
	 
	 

	10
	 
	 
	 

	15
	 
	 
	 

	20
	 
	 
	 

	STEP 3 : 
	Discharge set at ( Liters/Second):
	 

	TIME ELAPSED (In Minutes)
	DEPTH TO WATER LEVEL              (Meters) 
	DRAWDOWN                (In meters)
	REMARKS

	( 20 MINUTES)
	 
	 
	 

	 
	 
	 
	 

	0
	 
	 
	 

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 

	4
	 
	 
	 

	5
	 
	 
	 

	6
	 
	 
	 

	7
	 
	 
	 

	8
	 
	 
	 

	9
	 
	 
	 

	10
	 
	 
	 

	15
	 
	 
	 

	20
	 
	 
	 

	Pump Supervisor Sign
	Drilling Supervisor Sign
	 
	Drilling Manager Sign

	 
	 
	 
	 


Annex 4 Test Pumping; Constant Discharge
	PUMP TEST - 4 HOURS AQUIFER TEST 

	Village:………….. 

GPS  N……………… E …………….
	Payam: 
	Date: …………………… 

Start Time……………. End Time……………

	S.NO
	TIME ELAPSED IN MINUTES
	DRAWDOWN (METERS)
	YIELD ( LTR / SEC)
	REMARKS

	1
	0
	
	
	 

	2
	1
	
	
	

	3
	2
	
	
	

	4
	3
	
	
	

	5
	4
	
	
	

	6
	5
	
	
	

	7
	6
	
	
	

	8
	7
	
	
	

	9
	8
	
	
	

	10
	9
	
	
	

	11
	10
	
	
	

	12
	15
	
	
	

	13
	20
	
	
	

	14
	25
	
	
	

	15
	30
	
	
	

	16
	35
	
	
	

	17
	40
	
	
	

	18
	50
	
	
	

	19
	60
	
	
	

	20
	70
	
	
	

	21
	80
	
	
	

	22
	90
	
	
	

	23
	105
	
	
	

	24
	120
	
	
	

	25
	135
	
	
	

	26
	150
	
	
	

	27
	165
	
	
	

	28
	180
	
	
	

	29
	195
	
	
	

	30
	210
	
	
	

	31
	225
	
	
	

	32
	240
	
	 
	

	33
	260
	
	 
	 

	34
	280
	 
	 
	 

	35
	300
	 
	 
	 

	Pump Supervisor Sign
	Drilling Supervisor Sign
	Drilling Manager Sign

	 

 
	 

 
	 


Annex 5 Recovery Measurements

	BORE HOLE - RECOVERY TEST 

	Village:………….. 

GPS  N……………… E …………….
	Payam: 
	Date:…………………… 

Start Time……………. End Time……………

	S.NO
	TIME ELAPSED IN MINUTES
	DRAWDOWN (METERS)
	YIELD ( LTR / SEC)
	REMARKS

	1
	0
	
	 
	 

	2
	1
	
	 
	 

	3
	2
	
	 
	 

	4
	3
	
	 
	 

	5
	4
	
	 
	 

	6
	5
	
	 
	 

	7
	6
	
	 
	 

	8
	7
	
	 
	 

	9
	8
	
	 
	 

	10
	9
	
	 
	 

	11
	10
	
	 
	 

	12
	15
	
	 
	 

	13
	20
	
	 
	 

	14
	25
	
	 
	 

	15
	30
	
	 
	 

	16
	35
	
	 
	 

	17
	40
	
	 
	 

	18
	45
	
	 
	 

	19
	50
	
	 
	 

	20
	55
	
	 
	 

	21
	60
	
	 
	 

	22
	 
	
	 
	 

	23
	 
	
	 
	 

	24
	 
	
	 
	 

	25
	 
	
	 
	 

	26
	 
	
	 
	 

	27
	 
	
	 
	 

	28
	 
	
	 
	 

	29
	 
	
	 
	 

	30
	 
	 
	 
	 

	 
	Pump Supervisor
	 
	Drilling Supervisor
	Drilling Manager

	 
	 
	 
	 
	 


	Bore Hole Litho log and drill time log with water strike zones

	Drilling Company:

	Payam/Village
	 
	Borehole Number
	 

	GPS Cood
	 
	Dates Start and End :
	 

	Water strikes
	Litho-logical Log
	Depth in Meters
	
	Drill Time Log

	 
	Ground Surface


	 
	
	
	Minutes / per meter drilled

 

	 
	 
	 
	
	 
	 
	
	
	
	
	
	
	
	

	 
	 
	 
	
	 
	 
	 
	
	
	
	
	
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	
	
	
	 

	 
	
	 
	
	 
	 
	 
	
	
	
	
	
	
	 

	 
	 
	 
	
	 
	 
	 
	 
	
	
	
	
	
	 

	 
	 
	 
	
	 
	 
	 
	 
	
	
	
	
	
	 

	 
	 
	 
	
	 
	 
	 
	 
	
	
	
	
	
	 

	 
	
	 
	
	 
	 
	 
	 
	
	
	
	
	
	 

	 
	
	 
	
	 
	BORE           HOLE
	 
	 
	
	
	
	
	
	 

	 
	 
	 
	
	 
	
	 
	 
	 
	
	
	
	
	 

	 
	 
	 
	
	 
	
	 
	 
	
	
	
	
	
	 

	
	 
	 
	
	 
	
	 
	 
	
	
	
	
	
	 

	
	 
	 
	
	 
	
	 
	 
	
	
	
	
	
	 

	 
	 
	 
	
	 
	
	 
	
	
	
	
	
	
	 

	 
	 
	 
	
	 
	
	 
	
	
	
	
	
	
	 

	 
	
	 
	
	 
	
	 
	
	
	
	
	
	
	 

	 
	 
	 
	
	 
	
	 
	
	
	
	
	
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	
	
	
	 

	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	
	 
	
	 

	 
	
	 
	
	 
	 
	 
	
	
	
	
	 
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	
	 
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	
	 
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	 
	
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	 
	
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	 
	
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	 
	
	
	 

	 
	
	
	
	 
	 
	 
	
	
	
	 
	
	
	 

	 
	
	
	
	 
	 
	 
	
	
	
	 
	
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	
	 
	
	
	 

	 
	 
	 
	
	 
	 
	 
	
	
	 
	 
	
	
	 

	 
	 
	 
	
	 
	 
	 
	
	 
	
	
	
	
	 

	 
	
	 
	
	 
	 
	 
	
	 
	
	
	
	
	 

	
	
	 
	
	 
	 
	 
	
	 
	
	
	
	
	 

	
	
	 
	
	 
	 
	 
	
	 
	 
	 
	 
	
	 

	 
	
	 
	
	 
	 
	 
	
	
	
	
	 
	
	 

	 
	
	 
	
	 
	 
	 
	
	 
	 
	 
	 
	
	 

	
	 
	 
	
	 
	 
	 
	 
	
	
	
	
	
	 

	
	 
	 
	
	 
	 
	 
	 
	
	
	
	
	
	 

	
	
	 
	
	 
	 
	 
	 
	
	
	
	
	
	 

	
	
	 
	
	 
	 
	 
	 
	
	
	
	
	
	 

	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Annex 6 Bore Hole Log Sheet

Annex 7 Bore Hole Completion Record
Bore Hole No……………………………………………………..

Bore Hole Name………………………………………………….

_______________________________________________________________________
1. Village………………………………, Payam ……………………………………..

    Coordinates; ………………E,  ………………N, Elevation …………………..ASL

    County………………………………………..

2. Owner…………………………………….; Address……………………………………

    Locality      ……………………………; L.R No…………………………………….

    Intended Use; Public W.S; Irrigation; Domestic; Livestock; Other……………………...

    ……………………………………………………………………………………………

3. Contactor/Driller………………………………………… Address…………………….

    …………………………………………………………………………………………

4. Type of Bore Hole; Drilled; Driven; Bored; Jetted; Other………………………………

     …………………………………………………………………………………………..

    Type & Make of the drilling Rig………………………………………………………...

5. Bore Hole Design & Construction (Sketch to accompany)

    Drilling Started…………………………; Drilling Completed………………………….

     All work completed………………………………………………………………………

    Total Depth: Reported………m;          Measured…….m;  Final (Backfilled) Depth;……..m

     Hole Diameter………………mm.        From ……….m to……………….m

                            ……………….mm        From ……….m to……………….m

                            ……………….mm        From ……….m to……………….m

                            ……………….mm        From ……….m to……………….m

    Permanent Casing:

    Plain:

            Type………..; Dia……..mm; Length………m; From………m to……….m

            Type………..; Dia……..mm; Length………m; From………m to……….m

            Type………..; Dia……..mm; Length………m; From………m to……….m

            Type………..; Dia……..mm; Length………m; From………m to……….m

   Screen:

              Type & Make………………………………………………………………………………

              Diameter………mm; Length……….m Set from…….m to……………m

    Gravel Pack:

              Size of grains…………mm, Roundness (Good, Fair, Poor)………………………..

              Volume inserted to the annular space………cu.m, from………….m to…………..m

6. Aquifer: 1st Water Struck at ……………….m.; Water rest level………………………….m

                  Main Aquifer struck at …………...m. ; Water rest level…………………………m

                  Water bearing material…………………………, from……..m to………………..m

    Other Aquifers, Remark etc……………………………………………………………………...

    …………………………………………………………………………………………………….

    ………………………………………………………………………………………………

7. Yield: SWL………m.; DWL……….m. below GL; Discharge………………….Ltrs/min

     after pumping ……………..Hrs; Recovered to SWL in …………….Minutes;  

    Recommended   production discharge………….Ltrs/Hr, with pump set at …………..m  below GL

8. Bore Hole Development Start……………. Finish …………… Hrs…………………
9. Pumping Test Record in summary (Attach detailed test records – Test pumping & BH    recovery tests) – All depth measurements to be in Metres below GL

	Description
	

	Date of Test (Day, Month, Year)
	

	Depth of BH at time of test (m)
	

	Static Water Level (SWL) before test (m)
	

	Type of Pump used
	

	Depth of Pump Intake (m)
	

	Discharge (Ltrs/Minute)
	

	Dynamic/Pumping water level (m)
	

	After Pumping continuously for (Hrs)
	

	Time of recovery to original SWL (Minutes)
	

	Rate of Recovery – WL after 5 Minutes (m)
	

	                                WL after 20 Minutes (m)
	

	                                WL after 60 Minutes (m)
	

	                                WL after 180 Minutes (m)
	

	                                WL after 360 Minutes (m)
	


Additional pumping tests to be mentioned in Remarks

10. Quality of Water: (Water Quality Test Certificates to accompany)
      Sample (Yes/No) collected at …………………………. Hour on …………………….. (Date)

      Sediment………………………….., Taste ……………………….., Odour…………………….

      Colour………………………………; Specific conductivity……………….μmho/cu. m;                Temperature……...oC

11. Remarks: (Drilling difficulties, gravel pack details, all pertinent information about drilling and completion of the Bore Hole)

    …………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….

12. Sketch of Bore Hole Construction

      ( Sketch to include depth, & changes of hole diameter; casing positions, manner of casings (if different diameters), connections, and casing connection to the screen; depths of screen, how casing is closed at the bottom, formation caving zones and any other pertinent information)
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