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GENERAL TECHNICAL SPECIFICATIONS

PART 1 - BOREHOLES
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100 INTRODUCTION

These general specifications determine the conditions for drilling water wells, the manner by which they
should be equipped by casings and screens, the way development and pumping tests should be run, as well
as the technical specifications of the materials and the construction products.

101 FIELD OF APPLICATION AND SCOPE OF WORKS
The scope of the works is:

1. Drilling the wells by percussion or rotary method to:
e Determine the hydrodynamic characteristics of the aquifer.
e Determine the physical and chemical quality of the pumped water.
e Determine the well productivity.

2. Geophysical logging for work diagnosis in order to:
Locate permeable and production zones.
Locate impermeable zones.

Evaluate the clay content of the aquifer.
Evaluate water mineralization.

Measure the depth of the well.

Measure the static level in the well.

Installation of temporary casing.

Grouting works.

Installation of the final casing and screen column.
Well development.

Well development control.

Pumping test.

© P N o v AW

Control the plumbness and alignment.

102 SPECIFICATIONS OF MATERIAL AND EQUIPMENT

The present Tender Document determines the technical specifications of the materials and the construction
products to be used.

102.1 GENERAL SPECIFICATIONS

The materials and equipment, as well as their eventual coating should not change the physical, chemical or
organoleptic qualities of water in the water well.

Moreover, they should ensure a maximum guarantee against corrosion.
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102.2 CASINGS AND COUPLINGS
102.2.1 Casings

a) General

The casing string is used to prevent the collapse of the waterwell walls and protect, along with grouting,
the underground water or the aquifer from being contaminated by the underground or surface pollutants.
It also protects the pump.

The pipes shall have sufficient resistance to withstand the pressure exerted by the walls of the water well,
or that exerted on the column during installation, as well as the corrosion caused by the soil and by water
in some cases.

Pipe lengths shall be such as to draw up ground water to the surface through tender layers and
contaminated zones.

In porous water-bearing aquifers, the casing string depth should exceed the proposed depth of the well
by at least 1.5 m and be pre slotted in sandy and gravelly formations.

In hard formations, the casing string should exceed the proposed depth of the well by 2.5 meters and be
grouted.

Special care should be taken while installing the casing string and the screen column.

Steel is generally the most frequently used material. Less common materials may be required namely,
stainless steel, copper alloys, nickel, silicon, bronze, aluminum and non-ferrous metals, so as to meet very
special conditions imposed by the nature of water or the ground. All materials should be compatible
when used in the construction of boreholes. No process of corrosion, deposition or other chemical
reaction should result directly or indirectly from the juxtaposition of dissimilar materials. Special care
shall be exerted when handling these materials given their high cost and the low resistance of some of
them.

The tubes shall be content with the specifications of:

THE AMERICAN SOCIETY FOR TESTING MATERIALS (ASTM)
THE AMERICAN PETROLEUM INSTITUTE (API)
THE AMERICAN WATER WORKS ASSOCIATION (AWWA).

It should be noted that these specifications are for horizontally and not vertically placed pipes. Moreover,
the most widely used pipes are made of stainless steel, while some casings are manufactured from metal
sheets that are welded lengthwise or helicoidaly.

b) Diameters of final casing

The diameter of the casing string shall be two inches larger than the diameter of the mounted pump.
Under no circumstances shall the diameter of the casing be one inch larger than that of the pump.

The dimensions of the casing have been determined based on the dimensions of the vertical turbine pumps
with speeds up to 1800 rpm. Taken into consideration are also head losses created by the water movement
between the screens and the pump.
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Table 1 shows the minimum diameter of casing in relation to the pump size and the discharge rate.
Moreover, it should be noted that the minimum acceptable diameter of the casing should be 8 inches (203
mm), to allow for repairs.

Table 1: Minimum diameter of casing in relation to the pump size and the discharge rate:
Nominal Diameter Rotation velocity Discharge rate Minimum diameter
of pump (inches) of pump (rpm) (L/sec) of casing (mm)
1800 <6.3 150
1800 47-11 200
8” 3500 12.6 - 76 250
1800 6.3-38
1200 10-25
10” 1800 12.6 - 95 300
1200 23-42
12” 1800 25-145 350
1200 16 -95
14” 1800 63 -284 400
1200 50 -220
16~ 1800 126 - 328 450
1200 82-215
18” 1800 202 - 340 500
1200 139 - 252
900 177 - 190
207 1200 195 - 347 600
900 145 - 227
227 1200 473 600
900 227

For submersible pumps, the minimum diameter of the casing mentioned above should be
increased by 2 inches.

¢) Thickness of the final casing

The casing string in waterwells shall be made of steel, the thickness of which allows to withstand tensile
strength, compression and crushing,.

The thickness of the casings shall be determined according to their diameters and the depth along which
they are installed (Table 2).
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Table 2: Thickness in (mm) of the casing versus depth

DIAMETER inches

DEPTH m
6 8 10 12 14 16 18 20 22 24 26

DEPTH m
0-30 2.78 2.78 2.78 3.57 3.57 4.36 4.36 4.36 4.36 4.36 4.76
30-60 2.78 2.78 3.57 4.36 4.36 4.36 4.76 4.76 4.76 4.76 6.35
60-90 3.57 3.57 4.36 4.36 4.36 4.76 4.76 4.76 6.35 6.35 6.35
90-120 3.57 4.36 4.36 4.76 4.76 4.76 4.76 6.35 6.35 6.35 7.9
120-180 3.57 4.36 4.76 4.76 4.76 6.35 6.35 6.35 7.9 7.9 7.9
180-240 4.76 4.76 4.76 4,76 6.35 6.35 6.35 7.9 7.9 9.5 9.5
> 240 4.76 4.76 4.76 6.35 6.35 6.35 6.35 7.9 9.5 9.5 11.1

d) Type and thickness of temporary casing

In the event that the Contractor should use, while carrying out the works, temporary casings, their technical
specifications will be set by the Engineer according to the lithology of the layers encountered, the depth of
the well and the diameter of the bits etc...

The use of temporary casings requires the approval of the Engineer. Generally, these casings are made of
black steel welded lengthwise with a minimum thickness of Smm.

102.2.2 Couplings

Under no circumstances should two pipes of similar diameter be connected by an internal coupling. The
Contractor shall make sure that the couplings and the body of the pipes are equally resistant to breakage.

102.3 SCREENS - TYPE AND SPECIFICATIONS
102.3.1 General
Screen columns comprise the following:

s A screen (continuous or discontinuous when separated by one or several non perforated casings).
e A gravel pack.

In unconsilidated aquifers and under certain conditions in consolidated aquifers, screens should be placed
opposite the production zones to allow free flow of water into the well, and to prevent the entry of aquifer
material having a good uniformity coefficient, but which do not clog the screen openings.

For a non homogenous and porous aquifer having a uniformity coefficient less than 3, and an effective grain
size of 0.254 mm, screens fitted with gravel packs shall be used. In this case, if the non homogenous aquifer
is less than 1.5 m thick and separated vertically by impervious strata of less than 1.5 metres thick, the gravel
pack shall be used provided that the screens are more than 1.5 metres long, and regardless of the uniformity

coefficient of the aquifer.

In certain cases, gravel packs are used to stabilize aquifers having a high percentage of fines. This prevents
the setting of layers over the screens. In aquifers with fissured rocks, screens shall catch the production zones
and retain the walls of the water wells.
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102.3.2 Type

To reduce the corrosion damage, screens and their threading should be made of the same type of materials;
the selection of which will mainly depend on the chemical quality of the water. Nevertheless, it is
recommended that the material type used for the screens is that of the non perforated casing or very close to
it on the galvanic scale.

Screens are preferably made of stainless steel (18.8 active) or semi-stainless steel. It is possible to use screens
made of reinforced plastic upon the approval of the manufacturer and with regard to the required mechanical
conditions.

Other types of materials may also be used such as ordinary steel, or galvanized steel coated with RILSAL or
other anti-corrosion products.

Unless otherwise stated, the Contractor will abide by the pipes standards set by API, 5 L grade B; lengthwise
welded, with electrical resistance or induction welding without using filler metal.

102.3.3 Screen aperture sizes and diameters

There are various forms of apertures: circular holes, slots and bridge slots. Their main characteristic is the
net open area (5% to 50%) according to the grain size analysis of the aquifer. Based on to the granulometric
curve of the aquifer plotted during previous tests, screens must retain 90% of a relatively heterogeneous
formation and 70% of a relatively homogenous one.

Screen openings and diameters are selected for each water well according to the water inflow (a velocity
equal to or less than 1.8 m/minute or 3 cm/sec), the grain size analysis of the aquifer formation and the
lithological nature of the aquifer.

102.3.4 Screen length

Screen lengths are selected according to the following criteria:

a) Homogenous and artesian aquifers:
° If the thickness is less than 7.5 m, it is necessary to screen 70% of the aquifer.
° If the thickness varies between 7.5 m to 15 m, it is necessary to screen 75% of the aquifer.
. If the thickness is more than 15 m, it is necessary to screen 80% of the aquifer.
b) Non homogenous and artesian aquifer. It is necessary to identify the most permeable zones through:
° Permeability tests in laboratories if the samples were representative.
) Grain size analyses.
. Geophysical logging.
° Photographic logging.

It is to be noted that these tests and analyses except for the logs, are not required under the
present Tender Document. They are mentioned here for indication purposes only. The
Engineer will determine with the Contractor the levels that must be screened.

c) Unconfined and homogenous aquifer: the screen should be positioned in the lower third of
the aquifer.
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d) Non homogenous and confined aquifer (dense stratification): the length of the screen shall
be equal to one third of the aquifer thickness.

Note: The screen is generally installed opposite the most permeable and deepest level.
102.3.5 Screen type selection

The types of the required screens are the following:

a) Aquifer with fissured rocks:
° Bridge slot screens.
° Louvred screens.
b) Porous aquifers
° Slot wire wrap screens.
° Artificial silica filter screens (precast) the characteristics of which shall be in accordance with

the grain size analysis of the aquifers. (The particular specifications of these gravel packs are
given in the Article 702.4.1).

102.3.6 U.P.V.C. casings and screens

Thermoplastic casing

They shall be non-toxic, non-corrodible, non-taint and internationally approved for potable water use, and
shall contain an ultra-violet inhibitor. The Contractor should specify the thermoplastic type intended for
usage.

This casing string shall be new and must be constructed in accordance with the relevant ASTM Standards.
Their ends shall be threaded in accordance with the API 5A/5B Standard for short round threads or equivalent.

Thermoplastic screens

They shall be of the same material as any thermoplastic casing offered for approval and shall comply in all
respects with the casing specifications.

Slot widths

They shall be 0.5 mm and slots shall be perpendicular to the long axis of the screens. The open area of the
screens shall not be less than 6%.

It is the responsibility of the Contractor to provide the rate of the screens in m*hr and the relevant curves.

a) Length of the casings and screens

Casing and screens should be provided as follows:

° 20% of all casing and screen materials shall be provided in nominal 3 m
lengths.
° 80% of all casing and screen materials shall be provided in nominal 6 m
lengths.
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The Contractor shall also provide a catalogue comprising the technical specifications of the casings
and screens and all other necessary technical details:

b) Physical specifications of the materials

Collapse resistance.
Permeability of the screen with respect to slot sizes.
Diameter of casings with respect to compressive strength.
Thread specification and the threading method.

c) Chemical specifications of the materials

Density 1.4 g/cm® (DIN) 53479).
Elasticity models : 2500 - 300 N/mm? (DIN 53457).
Tensile strength : 44-55 N/mm?,
Shock resistance at 20 °C: rupture at 10% maximum according to DIN 53453.
Thrust resistance at 20 °C: 3-5 KJ/m? according to DIN 53453.

disinfection of wells.

Table 3:

U.P.V.C. material shall be resistant to:
all ground waters.

sea and brackish waters.
acidic solutions.
alkaline solutions,

and in general all chemical substances used during drilling operations, rehabilitation and

Characteristics of U.P.V.C. casings and screens:

a) U.P.V.C. casings and screens for wells with depths up to 300 m.

Diameter Diameter Minimum thickness Resistance to
(inches) (mm) (mm) buckling (Bar)
8 200 13 18
10 250 16 18
12 300 19 18
14 350 21.5 18

b) U.P.V.C. casings and screens for wells with depths up to 500 m.

Diameter Diameter Minimum thickness Resistance to
(inches) (mm) (mm) buckling (Bar)
8 200 16.7 43
10 250 18.5 29
12 300 21.5 27
14 350 24 27
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GRAVEL PACKS
Two types of gravel packs are required in the present Tender Document.

(a) The gravel pack with siliceous grains attached to the screens and directly poured during the
installation of screens.

(b) The ordinary gravel pack placed in the water well after the installation of the screen column (non
perforated casings -+ screens).

102.3.7 Precast gravel pack attached to the screens
The precast gravel pack consist of siliceous grains.

In the first case, the siliceous gravel shall be characterized by:

- a sphericity coefficient: 0.6

- a uniformity coefficient varying between 1.4 and 2.5
—  atotal percentage of silica: 98.8

- an open area > 10%

- an entrance velocity: 3 cm/sec.

The granulation of this type of pack is mentioned in the addendum. It is defined according to the flowrate,
the hydrostatic pressure and the grain size. The grains of the filter material shall be glued and shall adhere
to the external metallic surface of the screen by means of a plastic polymer product characterized by a
high chemical resistance.

Nevertheless, in certain water wells this gravel pack shall be externally protected by punched screens

(and not bridge slotted screens) made of the same metal used for the internal screen and non-perforated
casings. In all cases pipes shall be consistent with the standard set by AP, 5L grade B.

102.3.8 Ordinary gravel pack

The gravel pack shall consist of well rounded, clean and uniform grains. They must be made of silica and
calcareous materials not exceeding 5% in weight. The density should not be less than 2.5 with a tolerance up
to 1% in weight for a density equal to or less than 2.25.
The gravel must not contain, in weight, more than 2% of fine, flat and elongated particles visually observed.
It shall not contain clay, mica, sand, dust, organic impurities as well as sufficient quantities of iron or
manganese capable of altering the quality of water.

Gravel shall be supplied and transported to the site in bags weighing 25 to 50 kg.

The quantity of gravel to be placed in the wells is mentioned in the bill of quantities.

Crushed, calcareous, and dolomitic granulates used as a filter material are excluded.
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102.4 WELL GROUTING
102.4.1 Sand cement grout

A mixture of PORTLAND cement (ASTM - C150), sand and water, in the proportion of not more than 2
parts by weight of sand to one part of cement, with not more than 26 litres of water per bag of cement (0,028
m?® or 28 litres or 42.6 kg) shall be used. The use of bentonite to reduce permeability of the cement during
pumping must be approved by the Engineer.

102.4.2 Cement grout

If the mixture consists only of cement and water, the dosage shall be 40 to 50 litres for every 100 kg of cement
PORTLAND ASTM C 150. Seventy five litres of cement grout having a density of 1.9 shall be obtained.

In order to facilitate the calculations of water and cement quantities used to obtain a certain volume of cement
grout the Contractor can use the chart on figure 1.

The use of bentonite to reduce the risk of permeability during pumping is conditional upon using 70 to 75 of
water, 3 to 5 kg of bentonite per 100 kg of cement and this only upon the approval of Engineer.

103 SITE ORGANIZATION

103.1 WATER WELL LOCATION

The location of waterwells to be drilled is indicated on the drawing mentioned in the particular specifications.
The exact location of works will be determined on site by the Engineer who has the right to modify certain
locations when necessary without giving the Contractor the right to claim for indemnity. The Contractor
must visit the locations and evaluate the constraints before submitting the proposal.

103.2 SITE INSTALLATION

Most wells have an easy access but may require some preliminary works such as:

Demolition of artificial obstacles (fences, old buildings, etc...)

Grading of lands and access roads.

Stripping of lands.

Installation of channels to deviate the water course and avoid flooding some houses or buildings
during pumping tests and well development.

The soil must have a maximum slope of 4% and a sufficient consistency enabling a normal installation of
drilling equipment.
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Fig. 1

Camenl groul in liters - density 1.9

Water in liters

Cement in Kg

( Determination of Cement weight and Water volume to be used to

obtain given volume of Cement grout - density 1.8)

Example: to prepare 600 liters of Cement Grout, it needs around

800 Kgs of Cement and 350 liters of Water.
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The Contractor shall also protect all the existing buildings, vegetation, pipes etc... During works execution
and until their completion, the Contractor shall remove excess spoil earth and unused materials... and reinstate
the soil or the site before handing it over. He will get rid of packings used for fluids or flamable products as
well as no longer needed materials. The Contractor shall restore at his own expense buildings and fences
etc... if they have been demolished during works, upon the request of the Engineer.

103.3 WELL PROTECTION

The Contractor shall at all times take measures to prevent contamination of the wells from any surface water,
petrol, oil or other polluting material or substance. He shall maintain the site in a sanitary condition at all
times and shall fill in pits and clear upon completion, and remove from the surface of the ground all rubbish,
surplus spoil, and litter which have been left on site.

The Contractor shall be responsible for the disposal of drilling fluids, water expelled during well
development, and pumping test discharge and shall do so in a manner that does not cause contamination or
nuisance.

103.4 MATERIAL AND EQUIPMENT

The Contractor shall submit for approval a detailed and complete list of the equipment and materials he
intends to use on the site for the execution of works.

Apart from the equipment particular to borers, the site must include auxiliary trucks, cistern trucks, ordinary
vehicles, a set of spare parts, electrical generator, electrical and oxyacetylene welding units, a set of tools and
other various equipment necessary for such works.

104 EXECUTION OF WORKS

104.1 DRILLING, DEEPENING AND REAMING OF BOREHOLES

104.1.1 Drilling and deepening

Drilling is accomplished either by the rotary or percussion method. Since wells will penetrate layers
characterized by important various facies (lithologic nature), the Contractor shall be free to choose the most
appropriate drilling method.

Nevertheless, the Contractor shall abide by all the instructions given by the Engineer, as well as the technical
specifications of this Tender Document to complete the works as required. If the Contractor resorts to the
ROTARY method, he has the right to use mud, foam, water or air to ensure that well cuttings are continuously
taken. However, the Contractor will inform the Engineer about the fluids he intends to use at each stage of
drilling and the appropriate dosage of components. The Contractor shall only use these fluids (mud, foam,
etc...) upon the approval of the Engineer.

In the event of total or partial loss of circulation , the Contractor shall take all necessary measures to limit
such losses, and inform the Engineer who will decide whether to continue the works under these conditions.

If the Contractor uses drilling mud to consolidate the walls of the well, he must wash the well with water after
the casing is installed, to remove all the mud and obtain clear water. He must then, upon the request of the
Engineer and according to his instructions, clean the well with polyphosphates and wash it thoroughly with
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water of approved origin. The Contractor should also have at his disposal all the pumps necessary to well
construction.

A complete and detailed list of all the equipment used in drill rigs must be produced when submitting the bid.

If the well is to be drilled by a percussion rig, which permits penetration in unconsolidated or unstable rocks,
the accumulated cuttings in the well shall be removed and the well casing forced down progressively. In
consolidated and hard rocks, samples are taken by bailing. The well casing is not introduced into the hole
until drilling operations are completed.

The Contractor shall present a detailed schedule of the works to be carried out, taking into account the
specifications of each well. He shall then submit a price for the rotary drilling and another for the percussion
drilling.

104.1.2 Reaming of wells

At times, it may be required to enlarge the well diameter. Consequently, the Contractor shall submit in his
proposal the reaming equipment to be used and get the prior approval of the Engineer. He should also submit
a separate price list for reaming these wells to the appropriate diameters.

104.2 SAMPLES AND MEASUREMENTS

104.2.1 Samples

For each borehole, the Contractor shall take soil samples:

° At the end of each drill pipe connection for rotary drilling and every three metres for percussion
drlling.
At each change of formation.
At each fractured formation.
At each water flow.

Samples of 200 to 300 g shall be securely closed in plastic bags and clearly labelled with the location of the
well, well number and extraction depth. These samples shall be submitted upon the request of the Engineer,
and kept for 3 months.

104.2.2 Measurements during the works

During drilling operations, the Contractor shall measure:

In hard formations

o The top and thickness of these formations, the fractured zones and the depth of water inflows,
starting from a determined and fixed reference point which is the Ground Level.

) The water level in the well at the beginning and end of the working day, at each change of bit and
at each important new water inflow.

° Speed of progress at each change of formation and bit replacement.

These different measurements shall be registered in the daily report.
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In other formations

) The depth at which a change in the lithology occurs starting from a determined and fixed reference
point.

o The depth of the first encountered water level.
° The lithologic logging of every drilled formation.

o The water levels during drilling operations, at each important new water inflow, as drilling
operations are completed and before equipping the well.

° The speed of progress at each change of formation and bit replacement.

104.3 GEOPHYSICAL LOGGING

Geophysical logs shall be conducted by competent personnel provided by the Contractor or by a commercial
logging service so as to compare the results with the existing lithological data and to gather information about
the hydrodynamic characteristics of the aquifer formation, grouting, water quality etc...

The required logs to be conducted in cased boreholes are the following:

U Water temperature log
° Water conductivity log
° Caliper logging.

The required logs to be conducted in uncased boreholes are the following:

Spontaneous potential.

Resistivity log (short normal, long normal, lateral).

Natural gamma ray

Caliper

Fluid-movement log (measurement of upward and/or downward flows by means of a current
meter).

These logs shall be conducted either by continuous recording on a roll of paper, by moving electrodes at a
constant speed in the borehole or through a series of punctual measurements at each depth. Ifthe latter method
is applied, the Contractor shall execute a punctual measurement at each half meter starting from the static
water level in the well according to the instructions of the Engineer.

As for the log of the vertical fluid movements in the well, it shall be carried out only in uncased wells having
reached or penetrated fissured water-bearing rocks.

This log will be executed in two stages:

- First, the Contractor shall measure the vertical movement of water in the well, at the static level.
- Second, the Contractor shall take the same measurement but at the dynamic level.
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Therefore, he shall install in the well a few meters below the static level, a submersible pump able to discharge
a very low flowrate (less than one liter/sec) and shall wait for the drawdown water level to stabilize before
taking measurements. The pumping process in the well shall last until the completion of the entire log.

The correlation of velocity measurements performed at the static and dynamic levels enables the Engineer to
locate the fissured zones and evaluate their flow.

Caliper logs shall be undertaken on each well on at least two separate occasions. The first shall be on
completion of reaming at the final diameter to full depth, the second on completion of casing and screen
installation.

In the event of certain problems that hinder the progress of works in the well, the Engineer may ask for video
recording the borehole above and below the water table.

The Contractor shall state clearly in his bid:

- The type, kind and characteristics of equipment to be used.

- The name of the company which shall execute and analyze the measurements.

- The characteristics of the submersible pump used to conduct the fluid-movement log at the
dynamic level, as well as the method of supplying the pump with power.

After conducting the logs, the Contractor shall submit the final driller’s report in which the following results
will be clearly stated:

e  Lithologic log of the borehole.

e  Location of production zones.

e  Length of the grouted sections, and quality of cement.

e  Chemical quality of water.

104.4 INSTALLATION OF TEMPORARY AND/OR FINAL CASING

The Contractor shall state clearly the method of casing installation taking into consideration the type of the
encountered formation, the drilling method, and the screen column to be introduced into the well.

The Contractor shall see that the well is cleared out from any cavings before the casing installation. He shall
also make sure that the casings are well lined up. He shall connect steel pipes either by progressive welding
while making sure that the pipes are well wedged or by screwing if the pipes are threaded male and female
and joined by couplings. The welding process is executed according to the standard NFE 04-021. The
diameter of welding rods to be used shall be in conformity with standard ISO 864 or NFA 81-301.

If the casings are threaded and joined with coupling, they shall be connected by means of plain clamps fixed
under the couplings. The technical specifications of these couplings are mentioned in the figure enclosed

(Fig. 3).

Non perforated casings are placed vertically at the base of the well. If the annular space between the wall of
the well and the casings exceed 0.1 m, the Contractor shall install on the pipe every 10 meters, 4 centralizers.

The deviation of the casing string, measured in comparison with the surface, shall not exceed an angle equal
to 1 sexagesimal degree for every 30 meters drilled.

When the whole string is introduced into the well, it shall be suspended by a clamp laying on the soil surface,
and the guiding pipe. The method of fixing the clamps and their dimensions are indicated in the figure
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enclosed (Fig. 2). It is noteworthy that the extremity of the lowest pipe shall be fitted with a welded or
screwed plug.

1045 REMOVAL OF EXISTING CASING

Wedged casing can be removed either by mere traction resorting to the hoisting cables of the rig or by means
of appropriate jacks.

The Contractor can also apply the sand-locking or sand-joint method. He shall use a pulling pipe with a
diameter approximately equal to half that of the casing or the screen to be pulled out.

On the lower end of the pulling pipe there shall be welded an inverted cone, on which is fixed a burlap sack.
The whole set shall be introduced into the casing pipe (as shown in the enclosed fig. 3), while the upper edge
of the sack remains on the ground. The sack then shall be filled with clean sand of medium grain size and

brought down easily to the selected level.

The Contractor shall gradually lift the pulling pipe to compact the sand and create the lock between both pipes
(pulling pipes and screen). Additional tension is applied to the pulling pipe by means of winches and then if
necessary by lifting jacks.

After the pipes have been pulled out, the sack shall be removed with bailers if necessary. The table below
indicates the quantities of sand to be used according to the diameters of the casings.

Table 4: Diameter of the fishing pipe with respect to the diameters of the casing and screens as
well as the quantity of sand to be used:
Nominal diameter Inside diameter Diameter of fishing Quantity of sand
of casing and screen | of casing and screen pipe in mm L/m g/t
in mm in inches
100 3 25 3 0.23
125 4 50 6 0.42
150 4 7/8 75 7 0.52
200 6 5/8 100 13 1.0
250 8 5/8 125 24 1.9
250 8 5/8 150 18 1.4
300 10 3/8 150 34 2.7
400 13 1/8 200 51 4.0
400 13 1/8 250 29 23
450 15 250 57 4.5
500 17 300 66 52
600 21 300 144 114
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DETAILS OF CASING CLAMPS

Fig. 2

(Lengths in inchs) *

T =—— —|—— et T i '_
l Alovianie
; |
|casing 0’ & 8 G ! D { € | F G H | Wi Tors
‘; w
18
5 a7
| 8 M,
3 | ML I ..o ) J -2 k.
] ) 8 18
L 123 | ow | 8 28
! 8 .26
L | 8 35
1 : 8 | -
{IRLEY 8 1612 [ 3 |
| | B 24 |
- | . 2
| s | 10 50 |
I T
| 1 8 31 |
I o1 ] 10 g |
w2 |
|18 i 2] 65
Lo LN tom | 3
| iBsn 1 1042 | B1sws | B 45,68
, wo| e | esw 2.
2 1| 1042 43,62
w [ 1o | 66| | 31
| 2000 1| 1042 a2 | 42,80
_ . !
| F
| . L
! fosbmni—
, E I
: E ® i
¢ .
| '\‘«—:il'—f
] Y i
|

* 1 inen = 25 mm

Page 55 of 98

o

e cilbia/2026 50m0 8 5T i ssends sis



SAND JOINT FOR REMOVAL OF CASING
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104.6 INSTALLATION OF WELL SCREEN

Screen installed continuously shall be joined either by welding or by threading. Welding rods and methods
recommended by the screen manufacturer shall be utilized. Male-female threaded screens shall have threads
and couplings consistent with the standard API 5L.

Alternating screens shall be joined to the non-perforated casings either by welding or threading. Weld
methods shall be in accordance with the materials used and the recommendations of the manufacturer. The
Contractor shall specify the welding method and the types of rods to be used.

104.7 INSTALLATION OF GRAVEL PACK

The filter material shall be placed in the annular space by gravity through a tremie pipe. During installation
of the pack, the tremie pipe is raised periodically as the filter material builds up around the well screen.

In wells where the static water level is deep (> 150 m), the gravel feed into the pipe shall be carried out with
clean water stream,

The Contractor shall frequently control the depth of the filter material in the well as the work progresses.

104.8 SANITARY PROTECTION OF WELL
104.8.1 Protection of pipes, screens and filtering material

Non- perforated casings, screens and gravel packs should be cleaned from any stain and flushed with clear
water before they are introduced into the well.

104.8.2 Temporary well covers

The Contractor shall install an efficient temporary cover on the wellhead during works interruption in order
to prevent any pollution, damage or accident.

104.8.3 Height of the head casing

The head casing shall be at least 50 cm above the ground in order to prevent direct water infiltration.

104.8.4 Sealing of pipes and connections

All non perforated casings and connections shall be sealed, and no openings shall be allowed in order to
prevent contamination in the aquifer.

104.9 WELL GROUTING

Grouting involves filling part of the space around the casing (usually between the casing and the drilled hole)
with a suitable slurry of cement. The reasons for grouting are to seal the annular space, avoid the
contamination of the aquifer by surface water and protect the casing, firmly anchored in the ground, against
corrosive waters.
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Grout may be forced into the annular space by air or water pressure, especially when it is to be placed below
the static water level. Centralizers may be required to maintain a uniform thickness of cement around the
casing.

104.9.1 Bailer dumping

Grout material shall be placed in a bailer and dumped in the bottom of the hole. Grout shall not be dumped
more than 30 cm above the bottom of the hole, and a maximum of ten minutes shall elapse between successive
dumping operations.

Curing time before resumption of drilling shall be:

— 72 hours minimum for PORTLAND cement type 1.
— 36 hours minimum for PORTLAND cement type 3.

104.9.2 Gravity filling
This method shall be used for wells having a maximum depth of 10 m.
104.9.3 Gravity filling (Tremie method)

Tremie method shall be used where there is a minimum annular space equal to 3 inches (6.62 cm) between
the walls of the well and the casing.

The minimum inside diameter of the tremie pipe shall be equal to 2 inches (5.08 cm) . When making a tremie
pour, the tremie pipe shall be kept full continuously from start to finish of the grouting procedure with the

discharge end of the tremie pipe being continuously submerged in the grout and raised slowly as grout
material is introduced.

Curing time before resumption of drilling shall be:

— 72 hours minimum for PORTLAND cement type 1.
~ 36 hours minimum for PORTLAND cement type 3.

104.9.4 Positive placement (exterior method)

The annular space must be equal to 3.81 c¢m (1.5 inches) and the grout pipe shall have a minimum inside
diameter of 1 inch (2.54 cm).

Grout shall be placed from bottom to top in one continuous operation. The grout pipe may be slowly raised
as the grout is placed but its discharge end must be submerged in the unplaced grout at all times until grouting
is completed.

If operations are interrupted for any reason, the pipe should be raised above the ground level and not lowered
into the slurry again until all air and water in the pipe have been displaced by grout.

Curing time before resumption of drilling shall be:

— 72 hours minimum for PORTLAND cement type 1.
— 36 hours minimum for PORTLAND cement type 3.
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104.9.5 Positive placement (interior method)

The grout pipe shall extend, airtight, through a sealed cap on the casing head of the well. The casing head
shall be laterally equipped with a relief valve connected to the mud pump. It shall withstand the relatively
high pressure that might be exerted during grouting operations especially for deep boreholes. The pipe and
the annular space are then filled with fresh mud and clear water.

A spacer plug shall be inserted in the casing head. It shall be made of material that can be drilled easily such
as wood, rubber or plastic, and shall have a diameter enabling it to be pushed down inside the casing. Two
or three thin rubber rings slightly larger than the diameter of the pipe shall ensure an efficiently sealing plug.

The casing head shall be recapped after having verified that the plug is pushed down just beneath the lateral
pipe.

Grout shall be injected into the casing by a mud pump (or a special pump), the technical specifications of
which are enclosed in the Contractor’s technical offer.

After pumping all the grout into the casing, a measured volume of grout equal to the measured volume of
mud shall be pumped into the casing forcing the plug to the bottom of the casing and expelling the grout into
the annular space surrounding the casing until it reaches the surface.

A mud and grout seal of low viscosity shall be formed at the lower end of the casing. The spacer plug and
grout seal shall be drilled out easily untill the cement has set. The water in the casing shall be held under
pressure to prevent backflow of the slurry until it has hardened. Setting time is equal to 24 hours for
superficial pipes and 48 hours for other pipes.

The adjunction of bentonite can increase the viscosity of grout.
104.9.6 Selective internal grouting

When only the upper part of a casing shall be grouted, a cement basket shall be attached to the casing and a
1 or 2m long plug placed in it. Above the plug, several holes are cut into the casing to allow the passage of
grout.

104.10 WELL WASHING AND CLEANING

When mud is used as a drilling fluid, the well shall be washed with clear water through a direct injection at
the base of the screen column. This operation shall last as long as water is muddy.

It shall include, upon the request of the Engineer treatment with polyphosphates so as to disperse the mineral
mud or accelerate the biodegradation of the organic sludge (this development method is mentioned in article
704.11.3a).

In some cases washing shall be carried out under a high pressure (50 bars) with lateral jets that unclog the
screen or clear out the filtering material from any plugging deposit. In this case, the Contractor must use a
pump and jet tools, the technical specifications of which are submitted for approval. It is noteworthy,
however, that the distance between the injector and the screen should not be less than 10 mm.
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104.11 WELL DEVELOPMENT

This operation is essential before exploiting the drinking water well, it decreases to the maximum well and
aquifer losses by eliminating fine particles of sand and clay detrimental to the operation of the well pump.

Well development techniques can be dynamic (surging and pumping) or chemical (treatment by acid or
polyphosphates). They can be combined in order to obtain the best results.

The Engineer shall determine for each well the most appropriate development technique, and the Contractor
shall specify in his bid the cost of each method according to the bill of quantities.

104.11.1 Development by surging
This process consists of introducing into the screen column, a surge plunger operated by a percussion rig.

The movement of the surge plunger shall be controlled by predetermined reference points indicated on the
cable.

The plunger shall be lowered gently but lifted briskly and quickly in order to cause a powerful depression in
the aquifer forcing the water into the screen column.

The well shall be bailed or otherwise cleaned. The plunger is brought down below the stastic level of the
aquifer formation, into the casing string but should at no event be inserted into the screens.

Upon completion of development, the well shall be cleaned to the bottom.

In this method of development, the Contractor shall submit to the Engineer for approval the characteristics of
the surge plunger, the frequency of the upward and downward motion, as well as the method for bailing the
well upon completion of surging operations.

104.11.2 Development by pumping
The process and method to be applied are as follows:

a- Interrupted overpumping

Interrupted overpumping shall include short pumping periods (2 hours) followed by idle periods (2 hours),
enabling the water recovery.

The Contractor shall supply the pumping and discharge equipment required for application of this
development method.

The Contractor shall bear energy cost, installation and dismantling costs of the pump, discharge pipes, and
electric cables...

b. Progressive overpumping

This process consists of increasing the discharge flow to exceed the projected yield. It shall only be applied
to wells in alluvial or sandy soils.

The Contractor shall bear energy cost, installations and dismantling costs of the pump, discharge pipes, and
electric cables...
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c. Variable pumping rates

The well shall be pumped at four successively higher pumping rates. Each step shall last sufficiently to
obtain a quantity of suspended materials less than 20 mg/l. Any additional step should be approved by the
Engineer. Eight to ten steps may be required to determine the maximum yield of the well.

The Contractor shall bear energy cost, installation and dismantling costs of the pump, discharge pipes, and
electric cables...

104.11.3 Chemical development of wells

a. Polyphosphates treatment

Polyphosphates are used to disperse clay particles in the aquifer formation or in the gravel pack. They are
tetrasodium pyrophosphate (TSPP), or sodium hexametaphosphate (SHHP) and should not be left for more
than 12 hours in the well.

About 50 kgs of polyphosphates should be used for each cubic meter of water in the well. The product must
be injected to water that is circulated by means of a submersible pump which draws up water and discharges
it at the wellhead (closed circuit).

—  This method of development shall be executed in agreement with the Engineer. In this case, the
Contractor indicates the type of polyphosphates and the amount he intends to use as well as the
injection depth.

- The addendum to this Tender Document indicates the technical specifications of the development
pump for each well.

- The Contractor shall bear energy cost and installation and dismantling costs of the pumps, the
discharge pipes, electric cables, etc....

Upon completion of the polyphosphates treatment, the Engineer shall pump the water until the well becomes
clear from any phosphate traces (PO4 < 1 mg/l).

b. Acid treatment
Acid treatment is applied on development wells to reduce and/or remove any form of plugging due to
incrustations. This type of treatment shall be required only when pipes are stainless steel, upon the request

of the Engineer and after having taken and analyzed samples of on pumps, suction pipes and screens
incrustants.

The analysis of these incrustations allow to:

—  Establish the nature and composition of incrusting materials.
—  Deduce the acid nature to be selected.

for example, an appropriate acid may diminish the quantity of carbonate incrustration, but may not affect
silica or aluminum silicates.
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b.1 Treatment with hvdrochloric acid or muriatic acid

Hydrochloric acid dissolves rapidly the calcium carbonates.

An inhibitor is added to minimize the acid’s corrosive effect on steel casings and screens, however, it has no
effect on zinc which is immediately attacked by hydrochloric acid. Therefore, this acid cannot be used on
galvanized steel screens.

Hydrochloric acid has a slight effect on iron and manganese incrustations, and may result in the deposition
of insoluble iron and manganese hydroxides if the PH is > 3. It is recommended to use another acid if the
incrustations contain large quantities of metal oxides.

Hydrochloric acid, prepared commercially under the name Muriatic acid is sold in different concentrations.
The most common is 20 degrees Baume, which at a temperature of 15 °C yields 31.69% of hydrochloric acid
in weight, consequently it is sold with a water content equal to 68.31%.

The solution density is greater than water density, which facilitates its utilization at the bottom of wells.

Hydrochloric acid is delivered in glass or plastic demijohns usually containing 70 kg of this solution, or in
wagons or cistern-trucks coated with ebonite.

The acid shall be discharged when used by gravity or siphoning or under low pressure equal to 0,5 bar.

The inhibitor has the consistency of a gel. It is melted in very hot water. The dosage ranges between 2 and 3
kg of gelatine in 400 L of acid.

Method of Operation

Before placing acid into a well, the Contractor must carry out a test on calcium carbonates and on a sample
of the metal of which the screen is made.

1)  Low pressure acid treatment

A small diameter pipe of 25-35mm, made up of ordinary steel or plastic material and fitted with a T-shaped
coupling shall be used. It is introduced to the bottom of the borehole, and is supported by a flange fixed on
the upper end of the casing.

Acid is used upon delivery. The volume to be used is 1.5 to 2 times the internal volume of the screen. If the
screen is more than two meters long, half of the solution must be injected; then the pipe should be raised to
the upper end of the screen, to inject the remaining acid and fill the screen with acid.

The gas flow forces out a certain quantity of water that might contain acid.

Some form of mechanical agitation, such as surging or bailing, should be employed. The use of a bailer allows
the extraction of deposits and silts resulting from the acid treatment.

Agitation time shall last for one or two hours, the deposits shall then be extracted until water becomes clear.
When using the bailer, it is immediately noticed whether the treatment has improved the flow.

It is possible to resume the operation one or several times with the same acid quantities by extending the
agitation time.
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2)  High pressure acid treatment

When connecting the injection pipe to a special pump, the acid can be injected under a certain pressure inside
the screen. All the parts of the pump in contact with acid shall be stainless steel: rods, pistons, jackets...

The pump shall have undergone a test pressure 3 or 5 times higher than the injection pressure which is equal
to 150 bars for a 400 L/mm flow. The injection pipe shall be made of steel and mounted on the casing cap
by means of tested threaded connections.

A pressure gauge and a safety valve shall be installed along the lift line.

The pressure should be carefully controlled during the entire operation. A pressure increase shall be noticed
followed by a pressure drop indicating the beginning of the dissolving action of the acid.

It is advisable not to extend the injection operation for more than 45 minutes, since acid will no longer have
an effect on incrustation and the inhibitor’s effect will decrease very rapidly with time, and its corrosive effect
on steel will be minimized.

After breaking the pressure, a bailer is introduced and the solution is agitated vigorously to extract the reaction
products.

Since acid treatment is somehow a delicate operation, the specialized firm shall be fitted with adequate
protective equipment.

3) Precautions

Commercial grade concentrated hydrochloric acid can cause deep skin burns. The fumes released from the
well are toxic and can generate headaches and nausea.

It is advisable to wear rubber gloves and goggles.

If the operation takes place in closed premises (pumping station), proper ventilation should be maintained
and a breathing respirator should be used by the personnel.

By using sodium bicarbonate, the action of acid on skin or clothes can be neutralized.

It is important to make sure that no exploited wells, boreholes or springs are located within a radius of 50 to
100 meters.

Upon the completion of the acid treatment, it is recommended to considerably pump the water from the well
for at least two hours until the acid is completely eliminated. This can be verified with a litmus paper.

b) Treatment with sulfamic acid
Although it is not as commonly used as hydrochloric acid, sulfamic acid offers a number of advantages.

sulfamic acid or amino-sulfamic acid, NH,SOsH, is especially used when descaling industrial and food
contact equipment.

It is a crystallized colorless and non hygroscopic solid. Its solubility in water varies with temperature: 100
gr. of water dissolve:
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— at 0°C, approximately 15 g of crystallized sulfonic acid.
— at 15 °C, approximately 20 g.
— at30 °C, approximately 26 g.
— at 80 °C, approximately 47 g.

Its effect on the encrusting materials in the waterwells is stronger than that of the hydrochloric acid.

These salts, calcium or magnesium sulfonates are obviously more soluble in water than the salts produced by
other acids.

The crystallized sulfamic acid is delivered in paper bags, lined with polyethylene containing 50 kg of dry
powder product.

It is possible to store, transport and handle it without special care as long as it in crystal form.

In its dry form, it is relatively safe to handle: the dry material does not give off fumes and will not irritate dry
skin, The acid should be premixed at surface before being used.

It is not necessary to transport empty or filled demijohns or containers as in the case for hydrochloric acid.

Once dissolved, the sulfonic acid is slightly corrosive. It barely effects metals such as copper or stainless
steel, while it reacts chemically with ordinary steel in the same manner as hydrochloric acid although at a
slower rate.

It is possible to add an inhibitor, the THIOUERA which reduces even more its little corrosive effect. However,
just like hydrochloric acid, it is absolutely prohibited to use sulfamic acid on zinc or galvanized steel.

The solution shall be prepared on site in a tank and injected into the well under a high or low pressure (refer
to hydrochloric acid). It is noteworthy that once dissolved the sulfonic acid reacts in the same manner as
hydrochloric acid, thus requiring the same precautions: gloves, goggles, breathing apparatus, ventilation,
etc...

Sulfamic acid can be poured directly into the well and is dissolved in the water. Agitation of the water with
a bailer according to the prescribed dosages, and the water temperature in the well, increases the solution rate
of the chemical.

The adjunction of a moistering product can improve the effect of the sulfamic acid on the incrustation. The
supplier will choose a product that does not foam and is stable in acids.

C. Chlorine treatment

Acid treatment has no effect on bacteria culture and their gelatine deposits that somehow clog watercourses.
The acid radically kills bacteria, but does not attack their deposits.

Chlorine kills bacteria, oxidizes and burns organic sludge. However, it is necessary to use it in high
concentrations (100 to 200 p.p.m.).

It is possible to use calcium or sodium hypochlorite directly in the well or as a solution. Chlorine gas is more
efficient but its use requires special equipment only available in big firms. In fact, chlorine gas is extremely
corrosive, toxic and should not be inhaled.




During treatment, chlorine gas (15 to 20 kgs) is usually conducted through a small-diameter plastic tube into
the well, where it mixes during 10 to 12 hours with the water.

It is not necessary to raise the pump. A centering devise should be used to keep the lower opening of the
plastic pipe well centered in the well screens so that the chlorinated solution is not directly discharged on the
pump, the pipe or the screen.

After the chlorine solution has been introduced in the well, it should be forced through the screen-slot
openings into the water-bearing formation by adding water to the well.

A volume of water 50 to 100 times more than that of the water normally contained in the borehole shall be
injected.

Calcium hypochloric contains about 70% free chlorine.

If this product is used to provide chlorine, the quantities mentioned above for chlorine gas treatment shall be
divided by 0.7 so as to obtain the required weight of a lime hypochlorite.

If the pump is dismantled, it is possible, after having injected the required chlorine, to introduce a bailer and
agitate the chlorine solution in the well in the same manner as in the acid treatment. If the pump remains in
the well, agitation can best be achieved by pumping and backwashing (closed circuit).

104.12 PUMPING TESTS

The Contractor shall resort to a specialist hydrogeologist to carry out a series of tests, and analyse the results
according to the methods particular to each type of aquifer.

The parameters to be calculated are:

. Permeability k)

° Transmissivity  (T)

° Storage coefficient (S)
o Leakage coefficient.

Pumping tests require the measurement of several parameters:

° Time
° Water depth
° Flow

Pumping tests should allow the determination of the well losses (waterwell test) and the calculation of the
hydrodynamic characteristics of the aquifer (aquifer test) so as to establish the yield of the waterwell.

104.12.1 Well test

The Contractor shall carry out a pumping test at different rates (step drawdown test) in order to determine
minor losses in the waterwell and calculate the development efficiency regarding the flow. This is considered
to be very critical. Pumps shall be of the electrical submersible type capable of supplying the flows mentioned
in the addenda according to corresponding depths. The Contractor shall be responsible for the supply,
installation and dismantling of the pumps at the end of testing.
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The step drawdown test shall consist of up to four flow higher pumping steps of discharge. Each step shall
be of approximately 4 hours duration and shall be followed by a period of recovery of not less than 2 hours.
The maximal flow shall consist of several flow fractions (Q; 2 Q; 3 Q; 4 Q = maximal flow). During each
step, the discharge rate shall be maintained constant.

104.12.2 Aquifer test

This test shall determine the hydrodynamic parameters such as transmissivity and storage coefficient. The
use of at least one piezometer - when possible - near the tested well is recommended especially for the
calculation of the storage coefficient, to establish the pumping production zone in the aquifer and the
protection perimeter of the waterwell.

However, the installation of a water level measurement device during pumping is compulsory.

The constant rate discharge test shall be of seventy two (72) hours duration or as directed by the Engineer.
The lift flow must be as close as possible to the utilization rate of the waterwell, or slightly less than the
critical flow previously determined in the step drawdown test.

The constant rate discharge test shall be followed by a recovery stage of a duration not less than twelve (12)
hours. During the recovery stage care must be taken to avoid artificial disturbance to the water level in the
test well and removal of the pumping unit must await completion of the recovery stage.

In the event of interruption of a stage or step during pump testing operations, for a maximum of 30 minutes
per 24 hours, the Contractor shall repeat the test at a time to be decided by the Engineer. The Contractor shall
bear the cost of any test that is interrupted where in the opinion of the Engineer the interruption is due to
negligence by the Contractor or to failure, breakdown or inadequacy of any of the Contractor’s equipment,
or where the collection or recording of data or samples is unsatisfactory.

104.12.3 Discharge rate measurements

Water well discharges are measured either by calibrated volumetric flowmeters, or by the differential pressure
method, orifice method or volumetric method. The Contractor should determine precisely and clearly in his
bid the specifications of the equipment he intends to use as well as the accuracy of the measurements ( + 3%).

The static water level in each borehole shall be measured immediately before pumping. Throughout the
duration of each test, the water levels and discharge rates shall be measured and recorded with the following
frequency:

Elapsed time since beginning of Minimal frequence of the flowrate
measurement.

° pumping process
e  flow rate change

Between 0- 2 minutes every 30 seconds
Between 2- 10 minutes every minute
Between 10 - 20 minutes every 2 minutes
Between 20 - 60 minutes every 5 minutes
Between 60 - 120 minutes every 10 niinutes
Between 2- 3 hours every 15 minutes
Between 3 - 12 hours every 30 minutes
Between 12 - 24 hours every hour
More than 24 hours every 2 hours
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Measurements of water levels during pumping test shall also be made on observation wells (which may
comprise existing boreholes, boreholes previously drilled under this Contract and/or dug wells) not exceeding
four in number and within a radius of 1 km from the pumped borehole. The frequency of measurement on
such boreholes or wells within a radius of 200 m from the pumped boreholes shall be the same as that at the
pumped borehole. Measurements of water levels in boreholes or wells at a distance greater than 200 m from
the pumped boreholes shall be at one (1) hourly time intervals, the first measurements being immediately
before and after pumping test has commenced.

104.12.4 Level measurements

Meters shall have a minimal precision in centimeters, and give a reading every 30 seconds.

The Contractor shall leave on site two meters to ensure the safety and the continuity of level measurements.
Levels shall be measured according to an easily identified mark kept unchanged. The probe used for water
level measurements shall be brought down in the well inside an open and perforated pipe made of P.E. or
galvanized steel, the lower part of which reaches the pump.

The Contractor shall clearly state in his bid the type of probes he intends to use and the pipes to be installed.

The Contractor shall abide by the following minimal frequency for water level measurements.

Elapsed time since beginning of the Minimal frequency of the flowrate
measurements

®  pumping process
o  flowrate change
e  pump stop (recovery)

Between 0- 2 minutes every 30 seconds
Between 2- 10 minutes every minute
Between 10- 20 minutes every 2 minutes
Between 20 - 60 minutes every 5 minutes
Between 60 - 120 minutes every 10 minutes
Between 2 - 3 hours every 15 minutes
Between 3 - 12 hours every 30 minutes
Between 12 - 24 hours every hour

More than 24 hours every 2 hours.

104.12.5 Time measurement

It is essential to connect closely flowrates and water level measurements with external phenomena that might
affect the results, for example: operation or stopping of a nearby pumping station...

Flowrates and water level measurements shall be calculated in a relative time, in minutes and seconds, with
respect to the starting of the pumping process, by means of a chronometer (tenth of a second). Incidents
occurring during pumping (operation and stopping of pumping, flow variations, pump breakdown) shall be
written down according to the absolute time, minutes and seconds given by a watch or a clock adjusted to the
local hour. The Contractor will be responsible for supplying the equipment measuring relative and absolute
periods of time.
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104.12.6 Evacuation of pumped water

The pumped water shall be disposed of in an area far enough from the well undergoing pumping tests or
located in a slightly pervious zone in order to avoid the return of the pumped water into the aquifer, which
might alter pumping test results.

The Contractor shall evacuate at his own expense the water pumped during these tests towards the point of
disposal determined by the Engineer.

104.12.7 Energy

The Contractor shall provide the site with an electrical generator supplying the pump with power during the
entire period.

104.12.8 'Water Samples and Required Analyses
104.12.8.1 Sampling Method

Water samples shall be pumped water. It is advisable to take a minimum of 2 litres of water for the physico-
chemical analyses and 250-500 ml of water for bacteriological analysis. Water will be sampled according to
the indications of the laboratory or the Consultant.

The water samples for physico-chemical analyses will be collected in plastic or polyethylene bottles, whereas
the bacteriological samples are collected in sterilized flasks by an approved laboratory.

The Contractor will install a regulating valve on the upper part of the pipe. The bottle in which water is
sampled will be rinsed 3 times with pumped water before being filled. Each bottle will be hermetically sealed
and carefully labeled indicating the name of the well, the date and time of the sample. The temperature of
the flowing water is taken by a sensitive thermometer and it is also noted on the label so that the laboratory
will include it in his results.

The regulating valve should be previously sterilized before samples are taken for bacteriological analyses.
Each flask is filled once (without rinsing) and labeled again with the name of the borehole, the date and time.
The samples are put in a cold box, stored under 4°C and not exposed to direct sunlight from the time of
sampling to its final destination at the lab within a maximum time period of 24 hours.

Physico-chemical and bacteriological analyses should be carried out by a laboratory approved by the
Consultant.

The samples should be taken during the constant rate pumping test after 24, 48 and 72 hours respectively
from the beginning of the pumping tests.

104.12.8.2 Required Analyses

In order to determine the quality and suitability of the water several tests should be conducted that show the
physico-chemical and bacteriological characteristics. These rules are laid down by the Lebanese Government
and what the local laboratories are capable of. Most of these tests are quite known and inexpensive.

In order to study the physical characteristics of the water and the degree of contamination, the following
analyses and measurements should be taken:
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104.12.8.2.1 Physical Measurements
—~ Temperature (of the water flowing from the well) using a sensitive thermometer.
— Conductivity.
- pH
—  Turbidity.

104.12.8.2.2 Chemical Analyses

The essential elements to be analyzed are:
Cations: Calcium (Ca™)
Magnesium (Mg*™")
Sodium (Na*)
Potassium (K*)
Iron (Fe™)

Anions; Chlorides (Cl)
Sulphates (SO4>)
Nitrates (NO37)
Nitrites (NO2")
Fluorides (F)
Ortho-phosphates (PO4>)
Carbonates (CO3%)
Hydrogen-carbonates (HCOs)

The testing of toxic substances such as Pesticides, hydrocarbons and radioactivity cannot be performed
properly in Lebanon and are not required.

104.12.8.2.3 Bacteriological Analyses
The following are required:

Total coliforms (N/100 c.c.)

Fecal coliforms (N/100 ¢.c.)

Fecal streptococcis (N/100 c.c.)

Pseudomonas Aeruginosa (N/100 c.c.)

Naturally all these analyses and results should be explained and the suitability of the water determined.

104.13 DISINFECTION OF WELLS

104.13.1 Type and concentration of disinfecting agents

Wells shall be disinfected after pumping tests and before the pumps are dismantled.

Disinfection shall be carried out with dry chlorine or chlorine solution that is supplied and transported to the

site in special containers bearing the original label indicating the percentage of free chlorine. These
compounds must not be exposed to the atmosphere or to direct sunlight.
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The final concentration of free chlorine in the waterwell shall be equal to 50 p.p.m. The quantities to be
injected in the well where the volume of water is known, should be calculated in terms of the compound used
and their percentage of free chlorine.

The Contractor shall mention in his bid the compound trademark (solid or liquid calcium, sodium
hypochlorite, solid Perchloron, liquid Purec, liquid Chlorox, javel water...) as well as its percentage of free
chlorine. He shall also indicate the quantities to be used in each well.

104.13.2 Disinfection procedure

The chlorine solution having the appropriate concentrations for well disinfection shall be prepared on the
surface and then rapidly poured into the well to thouroghly flush the portion of the well above the static water
level.

The Contractor shall then operate the submersible pump which lifts a considerable water flow up to the surface
and reinjects it through the piezometric pipe (used to measure water levels) into the well.

This procedure shall last 12 hours, after which the well water is to be pumped until the concentration of
residual chlorine in the waterwell is less than 0.1 mg/l. The Contractor shall select the disposal point for the
purged water so as to minimize potential damage to aquatic life or vegetation.

104.14 DAILY DRILLER’S LOG REPORT

The Contractor keeps a daily report in which he shall give a technical description of the works:

—  Site characteristics:

Date

Name

Personnel and equipment on site.

— Elements related to drilling on site:

Drilling methods and tools (type and diameter)
Speed of progress

Casing pipes (diameter and length)

Incidents during drilling operations.

—  Elements related to equipment installation:
e Detailed drawing of the casing pipe (length and levels regarding the formation).
Dimensions of the eventual packer.
e Gravel and grouting volume.

- Geological and hydrogeological data, especially observations and performed measurements.

—  Elements related to development operations.
All these elements shall be progressively mentioned in the daily report.
In case of erroneous reporting, the Contractor shall be responsible for the resulting defects in the equipment,

but shall not have the right to contest the decisions of the Engineer concerning the daily report of the
corresponding works.
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The daily report shall be permanently maintained on site and delivered upon request to the Engineer.
Technical details stated in the daily report shall be written down by the Contractor on the driller’s log.

The original copy of the driller’s log and the flow tests report shall be delivered to the Engineer at least 48
hours prior to each monthly meeting convened on the site.

104.15 REHABILITATION AND TESTING OF EXISTING BOREHOLES

From time to time, the Contractor shall rehabilitate the existing boreholes as directed by the Engineer.
However, the general rehabilitation procedure is as follows:

e Remove all existing equipment from the borehole: Header pipework, cover plate, rising main, cable
and pump, such that the borehole is clear of any installed apparatus. All items removed shall be
stored safely and in a manner which will facilitate re-use.

¢ Run a caliper log followed by the full suite of geophysical logs.
¢ Run plumbness and alignment tests.
e Redevelop the borehole to maximize the yield.

e Undertake pumping test to determine well and aquifer properties, together with ground water
sampling.

¢ Disinfect the borehole.

Some boreholes to be rehabilitated will also require deepening or reaming, and others which are currently
unlined are to be cased and screened.

The Engineer will closely monitor the rehabilitation of existing boreholes and at any stage may instruct the
Contractor to curtail work if he considers the borehole incapable of sustaining the required long term
abstraction for supply.

On completion of rehabilitation, the Engineer will instruct the Contractor to implement one of three possible
actions:

to reinstall the existing pumping equipment to its previous position,
to cap the well in such a manner as to prevent unauthorized access but to facilitate the measurement
of water levels,

e to install in the borehole a new set of pumping equipment.
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105 CONTROLS THROUGHOUT THE EXECUTION AND OPERATIONS PRIOR TO
WORKS COMMISSIONING

Ccv

105.1 CONTROLS THROUGHOUT EXECUTION

Throughout works execution, the Contractor shall control at his own expense the following:

a- Plumbness of pipes

b- Grouting

c- Well development

d- Water quality (sand content).

105.1.1 Well plumbness - Plumbness and alignment tests

All wells shall meet the two conditions of plumbness and alignment. In fact, it is not possible to align rigid
pipes in a crooked well bore. In the event the bore is straight but considerably inclined from the vertical,
pumps may not operate satisfactorily.

It is considered that:

— A deviation 0f 0.25% (25 cm per 100 m) is minor and seldom causes serious problems.

—  Between 0.25% and 0.50%, the deviation becomes serious but not critical if the alignment is
maintained.

— Beyond 0.50%, the deviation may cause severe wear on the pump.

Each well bore having a deviation equal or more than 0.50% shall not be automatically commissioned. The
Contractor shall correct the straightness in regard with the required conditions.

Method of testing

a) Alignment: Dummy method

— The Contractor shall lower into the well a section of metallic pipe 12 m long.

— The outer diameter of the pipe shall not be more than 1.3 cm smaller than the inside diameter
of that part of the casing or hole being tested, when the nominal diameter of the casing is 25
cm or less.

When the nominal diameter of the casing or the well being tested is 30 cm or more, the outer
diameter of the dummy shall not be smaller by more than 2.5 cm than the inside diameter of the
casing or hole being tested.

Therefore:
for D (nominal diameter of the casing) < 25 cm = hole diameter - d (DUMMY) < 1.3
for D < 30 cm = hole diameter - d (DUMMY) <2.5 cm.
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b) Plumbness: Plumbline method

The test for plumbness shall be made with a plumb ring 5 to 6 mm smaller in diameter than the inside
diameter of the well or the casing. The hub of the ring must not be solid, the water must pass through
it as it is lowered in the well. It must be heavy enough to keep the plumb line taut ( ¢ cable=2to 3
mm).

The cable shall pass through a guide pulley mounted on a tripod. The center of the pulley shall be
exactly 3 meters above the top of the well and it shall be located in a way that the plumb line will
come over the center of the well casing (Fig. 4).

First the wire line is reeled out until the plumb is lowered 3 meters. The Contractor shall write down
the new position of the cable according to 2 perpendicular diameter axes, marked with 4 reference
points on the pipe’s edge. The four reference points may constitute the four cardinal points set by a
compass.

To facilitate the measurements of the cable position, the Contractor shall use a device like that shown
in the enclosed figure (Fig. 4). This device is a thick transparent plastic sheet on which a number of
concentric circles are drawn. The larger circle corresponds to the external diameter of the casing.
The concentric circles shall have an equidistance of 20 mm.

As the plumb ring is lowered, the plastic sheet is rotated until the slot is oriented in the direction that
the wire line tends to drift away from the center. Measurements along the edge of the slot can then
be made every 3 meters, to determine the amount of drift as well as the displacement of the plumbing.

Example: Suppose that Pulley C is suspended 3 m above the ground and that plumb line E is
in D at the center of the well (see figure 4).

If, after lowering plumb line E 3 meters into the well, cable A has drifted away 1.58 mm from the
center (1/16”) of waterwell D, the deviation is thus equal to 3.175 mm.

If A is, for example, located at 1/16 inch (1.58 mm) from the center D of the water well, when plumb
line E is at a depth of 15 m, then the deviation is equal to
(1/16” + 5/16” = 3/8”) or 9.5 mm.

Generally, we shall multiply by (n + 1) the cable’s displacement value in order to obtain the extent
of the deviation at 3 meters depth. It is noteworthy that the principle of the similar triangles allows
to calculate the said deviation.
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TYPICAL ARRANGEMENTS FOR MEASURING

AND CONTROLLING PLUMBNESS IN A WELL
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105.1.2 Grouting control

Grouting control shall be carried out by running a temperature log along the grouted portion. The Contractor
shall submit to the Engineer the technical specifications of control apparatus.

105.1.3 Development control

Upon the request of the Engineer the Contractor has to control the development when performing the
absorption testing.

The borehole shall be filled with water until this latter reaches the casing edge or a lower level agreed upon
by the Engineer, then the duration necessary for the water to attain the static level shall be measured. The
curves obtained after the development testing must be superposed and shifted from the one obtained before
testing. The Contractor shall perform 3 absorption testings. He shall also determine for each well the required
water volume to be injected. The origin of this water must be agreed upon by the Engineer.

105.1.4 Sand content control

— The maximal permissible limit of sand content is equal to 10 mg/l.

— The Contractor performs sand content measurements until the sand content is less than 10 mg/L.

— If the Contractor fails to reach this content during development or pump testing, he shall notify the
Engineer.

105.2 CONTROLS PRIOR TO WORKS COMMISSIONING

Before commissioning potable waterwells, the following operations shall be performed:

Measurement of the screening column internal diameter and size.
Measurement of the water level in the well.

Control of the well capping.

Control of the site rehabilitation.

Control of the well depth.

106 NECESSARY DOCUMENTS

106.1 WORKS REPORT
106.1.1 Daily driller’s log

Throughout the works execution, the Contractor shall keep a daily driller’s log at the disposal of the Engineer
and the Engineer.

All works phases and equipment references as well as all events shall be written down on this document in a
chronological order.
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106.1.2 Detailed report

Before carrying out the operations prior to works commissioning, the Contractor shall submit to the Engineer
a detailed report of the executed works giving a complete description of equipments used on site. In this
document, the Contractor rewrites the indications noted on the daily driller’s log related to the well.

Moreover, the Contractor shall submit a detailed report on the development and pumping testing works. In
particular he shall give a complete description of the equipment used, the date and duration of each
mechanical development stage as well as all the remarks concerning the effects and results.

As for chemical treatment, the Contractor indicates the type of the product, its concentration and the quantity
used as well as the injection flow, duration and level. He shall also indicate the water volume or flow which
has been eventually used to force the product into the aquifer.

As for pumping tests the Contractor shall submit over to the Engineer a report which includes the following:

The description of pumping equipment, in particular the characteristics of the pump (type, power, flows
corresponding to certain heads of water, screen depth), the lifting equipment (type, diameter, length) and
analytical instruments. The distance and the nature of the disposal point with a corresponding sketch shall be
enclosed in this document.

A form for the measurement of water level drawdown, for each pumping test. It includes the date and the
time of the pumping flowrate, the measurement of static and dynamic water levels, and all the observations
made during pumping (change of rate, water coloration, breakdown, water sampling, pump shut downs...).

A form for the measurement of water recovery after stopping pumping operations, with the date and the time
of shut down, according to the indicated frequency. The residual drawdown shall be calculated at each
measurement.

Water levels measurement forms; measurements to be taken by means of a piezometer - if available - for
drawdown and recovery. Each from shall indicate the distance between the piezometer and the well

undergoing pumping as well as the location of the measurement reference point with the corresponding
sketch.

106.2 PLANS OF EXECUTED WELLS

The Contractor shall submit to the Engineer the following plans of the executed wells:

106.2.1 Waterwell section (Litholog)

The final waterwell section shall indicate the encountered layers, their depths, and sample descriptions...
Moreover, the section shall include the maximum hydrogeologic indications collected throughout drilling
operations, especially the piezometric level of the static aquifer with the date of measurement and the
production zones encountered.

106.2.2 Waterwell equipments (Well design)

According to the hydrogeologic section, the Contractor shall perform the waterwell technical section
indicating the installed equipment (type, diameters, depths, etc...) particularly:
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Casing columns.

Annular grouting and cement plugs.

Screen columns fitted with screens and non perforated pipes, bottom seal.
Gravel pack.

107 CONTENT OF THE DRILLER’S TECHNICAL OFFER
The Contractor shall submit in his offer:
1. A complete list of his drill rigs equipment as well as their technical specifications.

2. A complete list of the equipment and their technical specifications required for:

- Grouting equipment

- Pumping test (pumps, analytical instruments for measuring water levels, flow
measurements devices, time measurement devices, water sampling devices, etc..)

- Logging equipment

- Development equipment (surging, pumping,...)

- Disinfection equipment (pumps, etc...).

3. A complete list of chemical reagents and their technical specifications required for:

- Drilling operation (mud...)

- Grouting operation (cement, sand...)
- Development (polyphosphates)

- Disinfection (disinfecting agents).

4, A description of the drilling methods for each well.

5. A description of the development method for each well.

6. The works implementation schedule for each well.

7. The technical specifications of the non perforated casings of the rising column in
each well.

The technical specifications of screens for each well.
The gravel specifications.

8

9

N.B: The Contractor shall choose a Representative who will be able to take the necessary decisions
on site and attend the meetings convened on site.
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MADIQ (BH 7 & BHS) WELL

300.1 BOREHOLE LOCATION

The wells are located very close to Madig pumping station site and between BH4 and BHS5 existing wells, to
the left side of the road leading to Yahchouch Village, at the following coordinates (Fig. 1):

X=-318.172 km
Y =-7.555km
Z=180m

300.2 ACCESS TO BOREHOLE

Access to the site is easy on a main road. About 200 m? of backfilling materials should be moved to the site
and a concrete slab (8m x 5m x 0.25m) should be constructed over the backfilled area in order to rig up the
drilling machines.

300.3 EXPECTED DEPTH

100 m

300.4 EXPECTED DISCHARGE

80-100 1/sec or 6912-8640 m’/day or 288 m*/hr — 360 m*/hr.

300.5 STATIC WATER LEVEL

10 m below ground level (in low water period and might be artesian during high water period).

300.6 GEOLOGY

The well will penetrate alluviums and river deposits to the depth of ~30m, then the entire depth of the hard
and compact limestones of the Upper Aptian (C2b) Formation which is estimated at 70 meters.

300.7 SCHEDULE OF DRILLING AND CASING

The Contractor shall submit the schedule for drilling in order to allow for the installation of 14” diameter
casing tubes and screens. The well is to be drilled at the beginning with a percussion machine to the depth of
30m.b.g.l. to reach the bottom of the alluvial and river deposits. Then, it will be continued using a rotary
drilling machine. The contractor should provide all additional equipment such as water and fuel, and should
take all actions to treat the eventual collapsing well walls during drilling at his own expenses.

Nevertheless, the schedule of the proposed works could be as follows (Figure 2):
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—  Drilling with a 37.4” (95cm) diameter bit from O to 10m, with samples collection as described in the
general specifications from this depth and onwards.

— Installing 35.4” ( 90 cm) L.D. casing (black steel, thickness 8mm), total length = 10m.
— Drilling with a 33.5” (85cm) diameter bit from 10 to 20m.

— Installing 30.70” ( 78 cm) LD. casing (black steel, thickness 8mm), total length = 20m.
— Dirilling with a 23.6” (60cm) diameter bit from 20 to 30m.

— Installing 21.6” ( 55 cm) LD. casing (black steel, thickness 8mm), total length = 30m.
— Dirilling with a 17.5” bit from 30 to the total depth of 100 m.

— Installing 14” casing and screens as shown below:
a) Casing:
Diameter: 14” ID
Type: Carbon steel
Thickness: 6 mm
Total length: 30 m

b) Screens:
Diameter: 14” ID
Type: Carbon steel, slotted 8-10% void, 1.5-2mm slots.
Thickness: 6 mm
Total length: 70 m.

The installation of the casing and screens will be in accordance with the general specifications,
and in particular, the welding and closure of all openings such that the water only enters the well
through the screen openings, in order to minimize the pollution from zones above the SWL.

300.8 VERTICALITY AND ALIGNMENT THE TESTS

The Contractor should ensure the verticality of the well by Plumbness Method, as mentioned in the general
specifications. The Contractor shall also ensure the alignment of the borehole by the Dummy Method, as
mentioned in general specifications. The borehole shall be accepted when its deviation does not exceed 0.5%
and/or when the 12m Dummy reaches the bottom of the well. The Client representative should give his final
approval to the verticality and alignment of the borehole.

300.9 WELL DEVELOPMENT

The well development shall be executed by pumping through variable pumping rates equal to 70, 80, 90 and
100 I/s (252 m*/hr; 288 m’/hr; 324 m*hr and 360 m*/hr). Each pumping rate will not stop until reaching 20
mg/] of sediments in the water, as mentioned in the general specifications item 104.11. In both cases, the
development pump, shall be installed at a depth of 70 m, and shall have a manometric head of 65 m with a
maximum flow of 100 I/sec.
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For the above-mentioned development and the pumping tests (mentioned below), the installation system of
the pipes, the flowmeters, and the piezometric tube should adhere to what is mentioned in the general
specifications (pipes diameters, valve diameters, flow meters types and diameters should be approved by the
Client representative prior to their installation). The Contractor should select the area toward which the
disposed pumping water should be conveyed, and its distance should not be less than 100m from the borehole.

300.10 PUMPING TESTS

Pumping tests should be performed only in dry period of the year (between June and October).

A)Well Test (Step drawdown test)
The Contractor shall carry out a pumping test at different rates: 70, 80, 90 and 100 1/s.
Each step shall be of 4 hours duration and shall be followed by a period of recovery of not less than
4 hours.

B)Aquifer Test (Constant rate pumping test)
The constant rate discharge test shall be of 72 hours duration, and followed by a period of recovery
not less than 24 hours. The lift flow shall be of maximum 100 /s and shall be clearly defined upon
the results of the step drawdown testing.

The submersible pump should be installed at a depth of 70 m, and should have a max head of 65 m
and should be able to lift a max flow of 100 V/sec.

300.11 PUMPING EQUIPMENT AND MEASUREMENTS

All measurements, such as Flow Measurements, Time Measurements and Water Level Measurements in the
main well and the observation boreholes (piezometers), will be recorded according to a preset plant, the details
of which can be seen in the general specifications. All the details concerning the pumping and the
accompanying measurements (during the development or all pumping tests) are shown in the general
specifications. The water recovery measurements will be duly noted following the end of the pumping stage,
as mentioned on the general specifications.

The Contractor shall provide all the necessary measuring devices which should be approved by the Consultant
prior to the pump testing, in order to ensure the collection of accurate data by experienced number of
technicians.

The Contractor shall also provide the necessary pump that would discharge the required amounts of water as
well as a suitable electrical generator and fuel reservoir. A flexible polyethylene dip tube with a diameter of
1.5 inches shall be installed along with the pumps from 0.5m above ground level to the level of the pump
assembly in order to measure the water levels inside the well. All the necessary maintenance of the generator
should be done ahead of the pumping notably the Constant Rate Pumping Tests, which will be undertaken
for 72 continuous hours without interruption.

The contractor shall install dataloggers inside Madiq existing wells (6 wells) in order to monitor the water
level fluctuations in all wells during the development and the pumping test.
300.12 CONTROLS THROUGHOUT EXECUTION

Throughout the works execution, the following should be controlled as per Borehole General Specifications
(105).
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— Verticality and alignment.
— Well development
— Water quality (sand content).

300.13 WATER SAMPLES COLLECTION AND ANALYSES

Three water samples shall be collected for physico-chemical analyses and three other samples for
bacteriological analyses.

The required analyses shall be as mentioned in the general specifications item 104.12.8.

The samples shall be taken during the constant rate pumping test after 24, 48 & 72 hours from the beginning
of the pumping test.

300.14 REPORTS AND DOCUMENTS

The Contractor shall record all the details concerning the works “Driller’s Report” detailing all the operations
in a continuous time, sequence to form a “Daily Report”. This can be seen in Table 1 of the general
specifications as well as all the information and tables concerning the pumping tests. All these data are
submitted as “Detailed Daily Reports” and presented to the Consultant and Management for approval.

Moreover, at the end of the operations, a separate “Final Well Report” should be submitted by the Contractor.
It will include everything (as mentioned in the general specifications) and especially the well construction,
pump tests and interpretation in order to properly exploit the borehole, the discharge rate and the proper
equipping, the final depth of the pump, as well as the chemical and bacteriological characteristics of the water.
This report should be submitted not later than one month after ending all the works on the well.
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FIG.2 VERTICAL CROSS SECTION OF MADIQ BHY BOREHOLE
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BILL OF QUANTITIES

PREAMBLE
TABLE OF CONTENTS
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1 BOREHOLES
1.1 SITE PREPARATION AND MOBILIZATION
1.2 DRILLING
1.3 WELL CONSTRUCTION
1.3.1 CASINGS
1.3.2 SCREENS
1.4 VERTICALITY AND ALIGNMENT TEST
1.5 WELL DEVELOPMENT BY PUMPING

1.5.1 SUPPLY AND INSTALL OF PUMPING EQUIPMENT

1.5.2 WELL DEVELOPMENT (PUMPING AT DIFFERENT RATES)
1.6 WELL TESTING

1.6.1 STEP DRAWDOWN TEST

1.6.2 CONSTANT RATE TEST

1.7 WATER ANALYSIS
1.7.1 COLLECTION AND DELIVERY OF WATER SAMPLES TO AN APPROVED
LABORATORY

1.7.2 PHYSICO-CHEMICAL ANALYSIS

1.7.3 BACTERIOLOGICAL ANALYSIS

1.8 REPORTS

1.8.1 DAILY DRILLER’S LOG, AND REPORTS
1.8.2 FINAL WELL REPORT

Page 85 of 98 zfeiea/2026 Gune 8 5T i Sagads sis

-
. 2.
—= P



1 BOREHOLES

1.1 SITE PREPARATION AND MOBILIZATION

The price shall be paid for on lump sum basis including all costs and labour expenses necessary to the delivery,
installation and dismantling of the drilling and testing equipments as well as all tools and devices, other than
the pumping equipment. The price also includes all expenses necessary to the preparation of the site
(excavation, cleaning of land and preparing access roads as well as constructing a drainage pipe or culvert
crossing the road in order to evacuate and drain the drilling cutting).

1.2 DRILLING

Execution of drilling works by percussion and rotary method for wells of different diameters.

The price shall be paid for every drilled linear meter and shall include all drilling costs, without exception
(power, fuel, mud, water, air depression of parts and machinery, etc...) and the labour expenses required for

drilling a well to the required diameter as well as taking sample cuttings from the ground and all measurements
as stipulated in 104.2 of the Technical Specifications Vol. 2 and as per instructions from the Engineer.

1.3 WELL CONSTRUCTION

1.3.1 Casings

The price shall be paid on a linear basis and shall include the supply, transport, on-site storage and installation
of casings including all the necessary accessories.

1.3.2 Screens
The price shall be paid for installed linear meter of screens including the supply, transport, on-site storage
and installation of screens with all the necessary accessories.
1.4 VERTICALITY AND ALIGNMENT TEST

The price shall be paid for on lump sum basis including all costs and labour expenses necessary to conduct
the tests, as well as all tools and devices (rotary machine, tripod, dummies, etc..), as stipulated in 105.1.1 of
the Technical Specifications Vol. 2.

1.5 WELL DEVELOPMENT BY PUMPING
1.5.1 Supply and install of pumping equipment
The price shall be paid for every operation including all costs for supplying, transportation and installation of

the pump at the specified discharge and head and later dismantle. This includes without restriction all costs
and labour expenses necessary to the development of the well.
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1.5.2 Well development (pumping at different rates)

The price shall be paid for on the basis of every hour of effective pumping and shall include operating the
pump at progressively increasing rates including all the necessary requirements of power supply, generators,
fuel, etc.

1.6 WELL TESTING

1.6.1 Step drawdown test
The price shall be paid for on the basis of every hour of effective pumping and shall be done with the same
pumping system used in the development stage. The price shall include without restriction all the necessary

labour, power supply, continuous level and flow measurements as stipulated in 104.12 of the Technical
Specifications Vol. 2.

1.6.2 Constant rate test

The price shall be paid for on the basis of every hour of effective pumping, the pump shall be operated at a
constant rate for 72 hours non-stop. The per hour price shall include all the requirements as stipulated in the
step drawdown test above.

1.7 WATER ANALYSIS
1.7.1 Collection and delivery of water samples to an approved laboratory

The price shall be paid for on the basis of every water sampling operation and shall include all costs, sterilized
supplies, transport and labour expenses necessary for water sampling as stipulated in 104.12.8 of the
Technical Specifications Vol. 2.

1.7.2  Physico-chemical analysis

The price shall be paid for on the basis of every analysis carried out including the interpretation and submittal
of results.

1.7.3  Bacteriological analysis
The price shall be paid for on the basis of every analysis carried out including the interpretation and submittal
of results.

1.8 REPORTS

1.8.1 Daily driller’s log, and reports
The price shall be paid on a lump sum basis for the whole reports and shall include the daily driller’s log as
stipulated in 106 of the Technical Specifications Vol. 2, and according to the Engineer’s instructions.

1.8.2  Final well report

The price shall be paid for on a lump sum basis for the final report and shall include all requirements as
stipulated in item “Daily driller’s log” above.
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Cilaall) a8ie land) Joda —2

MADIQ BH7 BOREHOLE
Item DESCRIPTION Unit | Qty UNIT PRICE L.L TOTAL
Nb In numbers In letters AMOUNT
L.L.
1 Site Preparation
Site preparation and set
1.1
up borehole
drilling unit and later
1.2 | .
dismantle
Sub-Total :1 LS | 1
2 Drilling by rotary
Drilling at nominal |
2.1 diameter 37.4" tinm. | 10
Drilling at nominal |
2.2 diameter 33.5" finm | 10
Drilling at nominal | .
2.3 diameter 23.6" finm | 10
Drilling at nominal | .
2.4 diameter 17.5" finm. | 70

Sub-Total :2

3 Well Construction
Supply, transport and
3.1 | install 35.4" black steel | linm | 10
casing 8mm thick

Supply, transport and
3.2 | install 33.5" black steel | linm | 20
casing 8mm thick
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3.3

Supply, transport and
install 21.5" black steel
casing 8mm thick

lin.m

30

3.4

Supply, transport and
install 14" carbon steel
casing 6mm thick

lin.m

30

3.5

Supply, transport and
install 14" carbon steel
slotted screens 6mm
thick

lin.m

70

Sub-Total :3

Well Development

4.1

Supply, install and
remove test pumping
unit (100 I/s,
depth70m) and all
associated equipment
including discharge
pipeline

nb

4.2

Supply and install
water level data loggers

nb

4.3

Pumping and surging at
different rates

16

4.4

Supervise development
test

LS

Sub-Total : 4

- Well Testing

5.1

Step drawdown test

16

5.2

Water level recovery
measurements

16

53

Constant rate test

72

et

=
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54 Water level recovery v | 24
measurements
Sub-Total :5
6 Water Analysis
Collection and delivery
6.1 | of water samples to an| nb | 6
approved laboratory
6.2 Physicp—chemical b |3
analysis
6.3 Bacter}ologlcal | 3
analysis
Sub-Total :6
7 Reports
7.1 | Detailed daily reports LS | 1
7.2 | Final well report nb | 1
7.3 | Sub-Total: 7

: MADIQ BH7 BOREHOLE ¢4l
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MADIQ BH8 BOREHOLE

Item DESCRIPTION Unit | Qty UNIT PRICE L.LL TOTAL
Nb In numbers In letters AMOUNT
L.L.
1 Site Preparation
Site preparation and set
1.1
up borehole
drilling unit and later
1.2 .
dismantle
Sub-Total :1 LS 1
2 Drilling by rotary
Drilling at nominal |
2.1 diameter 37.4" linm | 10
Drilling at nominal |
2.2 diameter 33.5" inm | 10
Drilling at nominal |
2.3 diameter 23.6" mnm | 10
Drilling at nominal |
2.4 diameter 17.5" finm 70
Sub-Total :2
3 Well Construction
Supply, transport and
3.1 | install 35.4" black steel | linm | 10
casing 8mm thick
Supply, transport and
3.2 | install 33.5" black steel | linm | 20
casing 8mm thick
Supply, transport and
3.3 | install 21.5" black steel | linm | 30
casing 8mm thick
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34

Supply, transport and
install 14" carbon steel
casing 6mm thick

linm

30

3.5

Supply, transport and
install 14" carbon steel
slotted screens 6mm
thick

lin.m

70

Sub-Total :3

Well Development

4.1

Supply, install and
remove test pumping
unit (100 I/s,
depth70m) and all
associated equipment
including discharge
pipeline

nb

4.2

Supply and install
water level data loggers

nb

4.3

Pumping and surging at
different rates

16

4.4

Supervise development
test

LS

Sub-Total : 4

Well Testing

5.1

Step drawdown test

16

5.2

Water level recovery
measurements

16

53

Constant rate test

72

54

Water level recovery
measurements

hr.

24

Sub-Total :5

=
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6 Water Analysis
Collection and delivery
6.1 | of water samples to an | nb | 6
approved laboratory
6.2 Physicp-chemical b |3
analysis
6.3 Bacter.iological b | 3
analysis
Sub-Total :6
7 Reports
7.1 | Detailed daily reports LS | 1
7.2 | Final well report nb | 1
7.3 | Sub-Total: 7

: MADIQ BH8 BOREHOLE ¢ 5ol
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