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[bookmark: _Toc242861420][bookmark: _Toc134019187][bookmark: _Toc379617531][bookmark: _Toc400947376][bookmark: _Toc400962113][bookmark: _Toc401026054][bookmark: _Toc401048284][bookmark: _Toc401115324][bookmark: _Toc401115648][bookmark: _Toc401117082][bookmark: _Toc401120970][bookmark: _Toc401127179][bookmark: _Toc223513511]A. GENERAL TECHNICAL SPECIFICATIONS

[bookmark: _Toc242861421][bookmark: _Toc134019188]1. GENERAL PROVISIONS
[bookmark: _Toc223513512][bookmark: _Toc242861422][bookmark: _Toc134019189][bookmark: _Toc379617532][bookmark: _Toc400947377][bookmark: _Toc400962114][bookmark: _Toc401026055][bookmark: _Toc401048285][bookmark: _Toc401115325][bookmark: _Toc401115649][bookmark: _Toc401117083][bookmark: _Toc401120971][bookmark: _Toc401127180]1.1 Compliance with standards and regulations 
The standards and technical regulations referred to in these documents are intended to specify the quality and standard rules for the desired strengths. In principle, if nothing is mentioned, the standards that shall apply are: Deutsches Institut für Normung (DIN), European Committee for Standardization (CEN) and International Organization for Standardisation (ISO). More precise information is shown in the unit price schedules and bills of quantities specifying the number of comprehensive services and supplies. An application of standards and references of the supplier’s country may be done if the supplier is in position to provide full proof that the quality and strength of the supply is at least equivalent to those prescribed.
In this case, the Contractor shall provide the administration, within twenty (20) days after notification of the market, certified copies of standards.
In the absence of such standards, the contractor shall propose to the approval of the Administration alternative approaches using albums and catalogues, or those of his suppliers in the absence of the former.
[bookmark: _Toc379617533][bookmark: _Toc400947378][bookmark: _Toc400962115][bookmark: _Toc401026056][bookmark: _Toc401048286][bookmark: _Toc401115326][bookmark: _Toc401115650][bookmark: _Toc401117084][bookmark: _Toc401120972][bookmark: _Toc401127181]The sources, qualities, characteristics, types, sizes and weight, mode of testing, marking, special fittings and manufactured goods in any case must be consistent with the standards applied in this project or of equivalent quality.
[bookmark: _Toc208631896][bookmark: _Toc223513513][bookmark: _Toc242861423][bookmark: _Toc134019190]1.2 Static calculations 
The Contractor is obliged to justify the stability of works by static calculations, applying modes of calculations according to the rules of the art and respecting the requirements concerning the method of calculation and permissible stresses.
The designs need to highlight in each case the ultimate strength of the materials. In addition, when a material has special characteristics, or may consist of elements of various characteristics, the Contractor shall be required to submit a complementary justifying note to the Administration. For reinforced concrete, "Rules BAEL 91" or equivalent shall be applied.
[bookmark: _Toc208631897][bookmark: _Toc223513514][bookmark: _Toc242861424][bookmark: _Toc134019191][bookmark: _Toc319920106][bookmark: _Toc319923201][bookmark: _Toc379617535][bookmark: _Toc400947380][bookmark: _Toc400962117][bookmark: _Toc401026058][bookmark: _Toc401048288][bookmark: _Toc401115328][bookmark: _Toc401115652][bookmark: _Toc401117086][bookmark: _Toc401120974][bookmark: _Toc401127183]1.3 Patents 
The Contractor shall get along, if it is necessary, the owners of license of patents of which he would like to apply or would have applied the processes. He will pay the necessary fees and ensure the client against any claim or action on their part. 
[bookmark: _Toc208631898][bookmark: _Toc223513515][bookmark: _Toc242861425][bookmark: _Toc134019192][bookmark: _Toc379617536][bookmark: _Toc400947381][bookmark: _Toc400962118][bookmark: _Toc401026059][bookmark: _Toc401048289][bookmark: _Toc401115329][bookmark: _Toc401115653][bookmark: _Toc401117087][bookmark: _Toc401120975][bookmark: _Toc401127184]1.4 Maintenance of exploitation and existing facilities 
If it is necessary to intervene on existing facilities, the Contractor shall take all necessary technical and organizational measures necessary in order not to unduly hinder the operation of water supply, treatment, and existing distributions. An interruption will be allowed only for connection of new facilities to the existing system. Each underground survey scheduled on existing facilities must be subject to a prior request to the Engineer, at least 10 days in advance and give rise to a written letter.
In principle, the underground surveys and other interventions to the existing installations will be carried out by the staff of the Contractor in the presence of an Engineer Team From Client. All the expenses emanating from the studies defined above are to be included in the unit and contractual prices and will not give place to an additional payment. 
[bookmark: _Toc208631899][bookmark: _Toc223513516][bookmark: _Toc242861426][bookmark: _Toc134019193]1.5 Approval of supplies 
The Contractor shall, if necessary, submit to the Engineer detailed documentation of equipment and supplies necessary for carrying out the work. After approval and considering the remarks of the Engineer, the equipment can be ordered. The shipment of materials and equipment can take place only after shipment authorization issued by the Administration or his representative, after inspection at the factory, based on documents supplied.


[bookmark: _Toc208631900][bookmark: _Toc223513517][bookmark: _Toc242861427][bookmark: _Toc134019194][bookmark: _Toc319920110][bookmark: _Toc319923205][bookmark: _Toc379617539][bookmark: _Toc400947384][bookmark: _Toc400962121][bookmark: _Toc401026062][bookmark: _Toc401048292][bookmark: _Toc401115332][bookmark: _Toc401115656][bookmark: _Toc401117090][bookmark: _Toc401120978][bookmark: _Toc401127187]2. SOURCE, QUALITY AND CONDITIONS OF USAGE OF MATERIALS AND EQUIPMENT
[bookmark: _Toc208631901][bookmark: _Toc223513518][bookmark: _Toc242861428][bookmark: _Toc134019195]2.1 Quality and source materials 
The materials needed for construction works, objects of bidding, will be provided entirely to the care and expense of the contractor, to ensure the execution of the works within the time limits. They should be of the highest quality available on the market, flawless, and implemented in accordance with the rules of art. The hydraulic equipment, mechanical, electrical and electromechanical will be subject to regular checks and tests in accordance with the required standards. These include brands identifying the equipment, data and characteristics of its source.
The materials and their source (rivers, quarries, and factories) will be subject to the approval of the owner prior to their usage.
Their qualifications must be justified by presentation of certificates of laboratories and / or certificates of conformity from factories at the expense of the contractor.
All materials to be used will be included in the books of inventory after approval by the Administration.  Materials rejected will be removed at once from the site by the Contractor at his own expense.
The contractor shall preferably use materials produced locally, provided that their use is compatible with its contractual obligations.
[bookmark: _Toc208631902][bookmark: _Toc223513519][bookmark: _Toc242861429][bookmark: _Toc134019196]2.2 Aggregates for mortar and concrete (sand, stones and stone aggregates)
The mortar and concrete aggregates will be extracted from the gravel or sand deposit or obtained by crushing and grinding rock extracted from quarries. All expenses for the operation of quarries are to be met by the contractor.
Their storage should be carried out on raft concrete bases, bricks or planks to avoid any impurities. Their classification in terms of size, cleanliness, nature and form must conform to the specifications of the DIN 4226 or equivalent.
The crushing, screening, and washing facilities shall allow a variation, depending on needs, of the proportions of the elements, so as to achieve the desired size. Usage of non-washed lake sand is prohibited.  
[bookmark: _Toc319920111][bookmark: _Toc319923206][bookmark: _Toc379617540][bookmark: _Toc400947385][bookmark: _Toc400962122][bookmark: _Toc401026063][bookmark: _Toc401048293][bookmark: _Toc401115333][bookmark: _Toc401115657][bookmark: _Toc401117091][bookmark: _Toc401120979][bookmark: _Toc401127188][bookmark: _Toc223513520][bookmark: _Toc242861430][bookmark: _Toc134019197]2.3 Cement
The cement will be supplied by the contractor and should be consistent with DIN 1164 or equivalent. The cement used for hydraulic concrete will be the CLK containing 80% of slag at least.

A) Mode of delivery: 
The cement will be delivered in bags of origin 6 folds minimum. The re-bagging is strictly prohibited, as well as recoveries of cement dust.
B) Storage:
The buildings intended for storage shall be built and held safe from moisture and will be ventilated. The cement supplies will be kept on elevated boards. The storage of the bags must be systematically organized, so that the storage period of cement in store does not exceed three months.
C) Rationing and quality of bonding:
The cement used in erecting walls will be artificial (CPA 35) or its equivalent. Where there is sub-soil or aggressive water, cement will be slag cement clinker at (CLK 325) or any other cement resistant to aggressive waters subject to approval by the Administration.
D) Control:
[bookmark: _Toc319920112][bookmark: _Toc319923207][bookmark: _Toc379617541][bookmark: _Toc400947386][bookmark: _Toc400962123][bookmark: _Toc401026064][bookmark: _Toc401048294][bookmark: _Toc401115334][bookmark: _Toc401115658][bookmark: _Toc401117092][bookmark: _Toc401120980][bookmark: _Toc401127189]The cement shall be stored and used only after being assessed sound. The Administration should decide on the need to test strength of cement on normal specimen and may visit at any time the premises used for storage.
[bookmark: _Toc208631904][bookmark: _Toc223513521][bookmark: _Toc242861431][bookmark: _Toc134019198][bookmark: _Toc319920113][bookmark: _Toc319923208][bookmark: _Toc379617542][bookmark: _Toc400947387][bookmark: _Toc400962124][bookmark: _Toc401026065][bookmark: _Toc401048295][bookmark: _Toc401115335][bookmark: _Toc401115659][bookmark: _Toc401117093][bookmark: _Toc401120981][bookmark: _Toc401127190]2.4 Mixing with water
Any water drawn from nature is acceptable as water for mixing as long as it does not contain elements that have an adverse effect on the hardening or other properties of concrete or protection against corrosion of the iron framework, such as industrial wastewater. In case of doubt, it will be necessary to carry out an analysis to prove that it is suitable to be used for the concrete.


[bookmark: _Toc208631905][bookmark: _Toc223513522][bookmark: _Toc242861432][bookmark: _Toc134019199]2.5 Mortars
Table 2.5.1: Application of the mortars
	Class
	Composition
	Application

	A
	600 kg of cement/ m³, sand delivered in two types of aggregates
	 coated with waterproof additives 

	B
	400 kg of cement/ m³, sand delivered in two types of aggregates
	Ground coats, manufacture the ventilator blocks

	C
	300 kg of cement/ m³
	External coats

	D
	250 kg of cement/ m³
	External coats, mortar for masonry  



[bookmark: _Toc319920114][bookmark: _Toc319923209][bookmark: _Toc379617543][bookmark: _Toc400947388][bookmark: _Toc400962125][bookmark: _Toc401026066][bookmark: _Toc401048296][bookmark: _Toc401115336][bookmark: _Toc401115660][bookmark: _Toc401117094][bookmark: _Toc401120982][bookmark: _Toc401127191]The sand for mortars will be measured at each mixing by volume, while cement will be measured by weight. The aggregates will conform to DIN 1045 or equivalent. The batching of the mortar aggregates shall be carried out on timber or masonry prepared grounds, and with respect to consumption.

After its first setting, the plastered mortar shall be smoothed using the flat part of the trowel. The use of the special hydraulic mortars and additives will be subject to approval of the Client’s Engineer and is to be prepared according to regulations of the supplier.
[bookmark: _Toc208631906][bookmark: _Toc223513523][bookmark: _Toc242861433][bookmark: _Toc134019200][bookmark: _Toc319920115][bookmark: _Toc319923210][bookmark: _Toc379617544][bookmark: _Toc400947389][bookmark: _Toc400962126][bookmark: _Toc401026067][bookmark: _Toc401048297][bookmark: _Toc401115337][bookmark: _Toc401115661][bookmark: _Toc401117095][bookmark: _Toc401120983][bookmark: _Toc401127192]2.6 Concrete
The anticipated types of concrete are as follows:
· concrete Class A: concrete for reinforced concrete
· concrete class B: Mass concrete
· concrete Class C: Blinding concrete
· hydraulic concrete: waterproof and resistant to chemical effects of water
(See Article 2.3)
The following table shows the minimal characteristics of execution to be respected.


Table 2.6.1: Characteristics of execution of the concrete
	Description
	Unit
	Class of concrete

	
	
	A
	B
	C
	Hydraulic

	Characteristic compressive strength 1)
	N/mm²
	27
	19
	
	27

	
	bars
	270
	190
	
	270

	Proportion of cement (min.)
	kg/m³
	350
	250
	150
	400

	Proportion of cement (max.)
	kg/m³
	450
	350
	150
	450

	Quantity of aggregate fraction
	
	3
	2
	2
	3

	Allowed sieve granulometry (sieve analysis) 2)
	
	A
	A, B
	A, B
	A

	Proportion of water: W/C (max.) 3)
	
	0.60
	0.75
	0.75
	0.60



1) Compressive strength after 28 days for test-cubes 15/30 cm. 
2) According to table 2.6.2 hereafter 
3) For the works which are in contact with the water whose value of the pH is equal or lower than 6.0, value W/C must be equal or lower than 0.50. (W/C = ratio water/cement in weight)







Table 2.6.2: Percentage of aggregates passing through a sieve.
	Diameters (mm)
	Type A
	Type B

	
	min.
	max.
	min.
	max.

	0.250
	3
	8
	8
	18

	1.000
	12
	32
	32
	49

	2.000
	21
	42
	42
	62

	4.000
	36
	56
	56
	74

	8.000
	60
	76
	76
	88

	10.000
	78
	88
	88
	94

	16.000
	100
	100
	100
	100



For the hydraulic concrete, the use of an air-entraining agent is obligatory. It is the same for the concrete class A when a fine facing must be obtained. The use of calcium chloride or of any additive on this basis is prohibited. For the hydraulic concrete, the maximum penetration of water should not exceed 3 cm. If the pH of water is equal or lower than 6.0, the penetration should not exceed 2 cm. The production of concrete must be made in concrete-mixers. The quantities of mixing water to be added will be determined by the care of the Contractor after measurement of the initial water content of the aggregates. This measurement of the water content before manufacture of the concrete is obligatory.
The aggregates and the binder must be proportioned:
· for the concrete of type, A and the hydraulic concrete, by the proportions in weight in three fractions.
· for the concretes of the types B and C, by volume measuring in two fractions.
The concrete shall be prepared progressively with the needs and set up immediately.
The surplus quantities will be thrown out of the building site, to be later collected and properly disposed.
[bookmark: _Toc208631907][bookmark: _Toc223513524][bookmark: _Toc242861434][bookmark: _Toc134019201]2.7 Wood for framework and propping
Timber necessary for the framework and propping will be chosen by the Contractor, who will justify qualities necessary for a good behaviour of the framework and who will submit for approval of the Administration.
[bookmark: _Toc223513525][bookmark: _Toc242861435]2.7.1 Framework 
a) Type C1: Raw framework:
The ordinary framework consists of boards with a minimal thickness of 25 mm. They must be supported at least every 0.70 m. The tolerance of the joint between two boards is 2 mm.

b) Type C2:  Neat framework:
The neat framework (clean concrete for dismantling) can be carried out:
· in boards planed on three sides of a width from 7 to 10 cm, in line with the length prescribed by the Client’s Engineer.
· out of steel plates on sawn boards
· in fibreboards of wood or plywood on sawn boards.
In any case, the surface of the concrete must be regular and without nests of fine gravel. The application of oil for dismantling is obligatory.
Propping 
It will be made in sawn timber and/or round timber or metal. 

Tolerance on dimensions
[bookmark: _Toc319920116][bookmark: _Toc319923211][bookmark: _Toc379617545][bookmark: _Toc400947390][bookmark: _Toc400962127][bookmark: _Toc401026068][bookmark: _Toc401048298][bookmark: _Toc401115338][bookmark: _Toc401115662][bookmark: _Toc401117096][bookmark: _Toc401120984][bookmark: _Toc401127193]The tolerance (X) on any dimension d (m) - measured between opposite facings or edges or an intersection of edges is fixed at: 0.25 x d (m) = X (cm).
a) Tolerance of balance
The tolerance (X) on the balance of a vertical element height H (m) is fixed at: a x h (m) = X (cm) where (a) takes the following values: 
	· elements bearing vertical loads 
	0.33

	· elements bearing horizontal loads
	0.40

	· elements bearing no load
	0.50


b) Tolerance of straightness
The tolerance of straightness on a rectilinear edge is characterized by the acceptable maximum arrow on any segment length of this edge; it is fixed at: 1/300 with a maximum of 1 cm
[bookmark: _Toc208631910][bookmark: _Toc223513526][bookmark: _Toc242861436][bookmark: _Toc134019202]2.8 Steel for reinforced concrete
The quality of the steel used in this project and its shaping must match the standards or the equivalent standards.
Mild steels are allowed as well as high-strength steels (Tor, welded steel mesh) if they correspond to the norms and requirements of the design of reinforced concrete.
The Contractor is obliged to justify the source of the steel which he plans to use for the construction of the water tanks and other important work. The steel bars must be absolutely clean, with neither spots nor any oils.

[bookmark: _Toc208631911][bookmark: _Toc223513527][bookmark: _Toc242861437][bookmark: _Toc319920117][bookmark: _Toc319923212][bookmark: _Toc379617546][bookmark: _Toc400947391][bookmark: _Toc400962128][bookmark: _Toc401026069][bookmark: _Toc401048299][bookmark: _Toc401115339][bookmark: _Toc401115663][bookmark: _Toc401117097][bookmark: _Toc401120985][bookmark: _Toc401127194]2.8.1 Tolerances on iron framework 
a) At the minimal distance from the iron framework (for the facings)
· From the faces of the concrete elements, on the edges of framework horizontal or inclined, the tolerance at the minimal distance from each iron framework to the face is fixed at a tenth of this distance. Does the respect of this tolerance suppose the use of holds to precise dimensions
· For the moulded facings on the side walls of framework, the tolerance at the minimal distance from each iron framework to the facing is fixed at a fifth of this distance.
· For the higher facings, flush and not cased, the tolerance at the minimal distance from each iron framework to the facing is fixed at a quarter of this distance.
b) On the position of the main iron framework
· in the direction where the variation has the most unfavourable influence on the resistance of the part, the tolerance on the position of the bars of principal iron framework by ratio with the position registered with the working drawings is fixed at a tenth of the total thickness of the concrete in this same direction, with a maximum limit of 1 cm for the beams and 0.5 cm for the plane slabs or veils.
· in the direction perpendicular to the preceding one, the tolerance is fixed at half of the distance to the iron framework closest if there are some, with a maximum limit to 1 cm.
c) On the position of the transverse iron framework 
For the transverse iron framework of the prismatic parts, such as the squares and the clamps, the tolerance on the position of the bars in the longitudinal direction compared to the position registered with the working drawings is fixed at a tenth of the distance between consecutive transverse iron frameworks, with a maximum limit of 2 cm.
[bookmark: _Toc208631912][bookmark: _Toc223513528][bookmark: _Toc242861438][bookmark: _Toc134019203]2.9 Concrete batching
The concrete batching will always be carried out with aggregates subjected to the approval of the Administration. It will be proportioned at a rate of 250 kg of cement/m³ of aggregates, and it will be compacted and vibrated mechanically.
For the period of curing and hardening fixed at 28 days, concrete will be protected from the effects of the sun and the wind to prevent drying; it will be sprinkled with water at least three times per day to be maintained wet. Their surfaces shall be plane, those intended to be plastered will be sufficiently rough to ensure the adherence of the later. Its crushing strength will not have to be lower than 65 bars; its porosity will be lower than fifteen percent (15 %).
The concrete batches will be shown to the Representative of the Client before its transport on the construction site and its casting. Dimensions of the agglomerates are those used in the country in hollow and full type.



[bookmark: _Toc208631913][bookmark: _Toc223513529][bookmark: _Toc242861439][bookmark: _Toc319920119][bookmark: _Toc319923214][bookmark: _Toc379617548][bookmark: _Toc400947393][bookmark: _Toc400962130][bookmark: _Toc401026071][bookmark: _Toc401048301][bookmark: _Toc401115341][bookmark: _Toc401115665][bookmark: _Toc401117099][bookmark: _Toc401120987][bookmark: _Toc401127196]2.10 Burnt bricks. 

The walls and partitions could be built using burnt bricks. The bricks shall be manufactured without limes, burnt and moulded well. The loss of weight due to the glares and crumbling will not have to exceed five percent (5%) of the total weight, and porosity will not exceed eighteen percent (18%). The dimensional tolerances will be fixed at +3% for facing bricks, and at +5% for masonries.
The facing bricks will be free from cracks, their stop perfectly clear and free from wrenching.
Minimum tensile strength relative to the gross surface of the bricks will be:
· Average minimum strength = 40 kg/ cm²
· Minimum strength = 32 kg/ cm²
Bricks must be burnt in ovens approved by the Client’s Engineer. After being unloaded, the bricks will be strictly checked. Improperly burnt bricks will be discarded as they soak up water and are less resistant. 
Bricks of poor quality can be identified by the hollow sound they produce when they are hit. When hit, bricks of good quality make a clear sound and soak up very little water. The bricks will not show systematic flaws such as cracks, breaks, deformities, blistering or tears.
[bookmark: _Toc223513530][bookmark: _Toc242861440][bookmark: _Toc134019204][bookmark: _Toc319920120][bookmark: _Toc319923215][bookmark: _Toc379617549][bookmark: _Toc400947394][bookmark: _Toc400962131][bookmark: _Toc401026072][bookmark: _Toc401048302][bookmark: _Toc401115342][bookmark: _Toc401115666][bookmark: _Toc401117100][bookmark: _Toc401120988][bookmark: _Toc401127197]2.11 Stones
The stones will be compact hard stones, not very fragile, of the type:
· metamorphic quartzite with tightened beds
· metamorphic sandstones with tightened beds
· granites and granitoid and, in general, any rock containing quartz and granite
· kaolin metamorphic sandstones (colour clear grey) are to be eliminated
· besides bricks, different rocks (rubble) may be used for masonry. The proportion of bonding mortar for rubble remains the same as for masonry with baked bricks. The rubble must have no cracks, breaks, deformity, blistering or tears. It will be hard and free of gangue or mud and will be clean. Rubble used for masonry and pitching will be at least 10 cm (ten) thick and have a tail of 20 cm (twenty). The quarries where the rubble is sourced must be visited and approved by the Client’s Engineer.

[bookmark: _Toc208631915][bookmark: _Toc223513531][bookmark: _Toc242861441][bookmark: _Toc134019205][bookmark: _Toc319920122][bookmark: _Toc319923217][bookmark: _Toc379617551][bookmark: _Toc400947396][bookmark: _Toc400962133][bookmark: _Toc401026074][bookmark: _Toc401048304][bookmark: _Toc401115344][bookmark: _Toc401115668][bookmark: _Toc401117102][bookmark: _Toc401120990][bookmark: _Toc401127199]2.12 Pipes, connections, and Joints
The pipes, connections and joints shall correspond to standards DIN/ISO. The paid length of the pipes corresponds to the working length, i.e. the overall length minus the length of fitment.
[bookmark: _Toc208631916][bookmark: _Toc223513532][bookmark: _Toc242861442]2.12.1 Common regulations
The pipes and connections must be in conformity with the applicable standards or the ISO standard, with regard to the terminology, classification, symbolization, the conditions of manufacture, the characteristics and the tolerances, the conditions of preparation of the test-tubes, the technique of the tests, the marks of identification and the applicable clauses of reception. They must satisfy all the conditions or normal subjections of usages, in particular with regard to the interior pressure, the external loads, the live loads and the reaction of the ground or the supports.
The right pipes must be cylindrical. The axis of the right pipes must be rectilinear, and the faces of the ends of the right pipes and fittings must be exactly of square with the axis of the parts; these ends will be established so as to allow the perfect connection of the joints. The interior surface of the pipes and the fittings must be smooth; the defects of this surface cannot be allowed, unless they are accidental or local irregularities, not being able to harm the quality of the part and being within the prescribed tolerances; no repair of such defects must be made without the authorization of the Representative of the Client. The supplies must resist without damage all the efforts which they have to support in service and during tests. They must be tight during all tests and operating conditions. They must resist in a durable way with all the external factors, either by themselves, or on the one hand by their lining with regard to the action of water, or, on the other hand, by their external coating with regard to the action of the ground or, in a more general way, surrounding environment.
The supplies must in no way modify the physical, chemical, bacteriological or organoleptic qualities of water circulating normally in the network considered. All the supplies such as pipes, valves, accessories and other important parts must carry the following indications:
· mark factory.
· plugs or plates allowing the identification of the material and the authorized pressure rating.
· nominal diameter.
· characteristics of materials, so as to determine if the material corresponds to the necessary regulations.
· title of the project specifying the destination of the pipes.
[bookmark: _Toc208631917][bookmark: _Toc223513533][bookmark: _Toc242861443][bookmark: _Toc354537391][bookmark: _Toc354810689][bookmark: _Toc354810935][bookmark: _Toc354811407][bookmark: _Toc354816270][bookmark: _Toc354816950][bookmark: _Toc354827713][bookmark: _Toc354901341][bookmark: _Toc354912298][bookmark: _Toc354978217][bookmark: _Toc354981304][bookmark: _Toc354997467][bookmark: _Toc355064463][bookmark: _Toc355150630][bookmark: _Toc355512131][bookmark: _Toc360596018][bookmark: _Toc360601054][bookmark: _Toc360606518][bookmark: _Toc360608931][bookmark: _Toc381159628][bookmark: _Toc400962135][bookmark: _Toc401026076][bookmark: _Toc401048306][bookmark: _Toc401115346][bookmark: _Toc401115670][bookmark: _Toc401117104][bookmark: _Toc401120992][bookmark: _Toc401127201]2.12.2 Cast iron pipes and Fittings
The pipes and connections must correspond to the standards in application. The cast iron pipes and connections can be buried underground, fitted above the ground or be installed in pumping stations, tanks, etc. In the last case, the use of the pipes and flanged connections is obligatory. At the interior of a tank, the pipes are covered outside with non-toxic painting. For the thickness, the coefficient K to be taken into account is equal to 9 (K = 12 for the connections, except K = 14 for the T-pieces).
Pipe stress in factory in accordance with ISO standard is:
Diameter lower than 300 mm = 50 bar
Diameter between 300 and 600 mm = 40 bar
Diameter higher than 600 mm = 32 bar

The thicknesses mentioned hereafter correspond to class 9. 
Their diameters and thicknesses of minimal walls are according to table 2.12.2-1 hereafter: 

Minimum thicknesses of the tubes
	Nominal Diameters (DN) in (mm)
	External Diameters (ED) in (mm)
	Thickness of the tubes in (mm)
	Pressure ratings in (bars)

	80
	98
	6.00
	40.00

	100
	118
	6.00
	40.00

	(125)
	(144)
	(6.00)
	(40.00)

	150
	170
	6.00
	40.00

	200
	222
	6.30
	40.00

	250
	274
	6.80
	32.00

	300
	326
	7.20
	32.00

	400
	429
	8.10
	25.00

	500
	532
	9.00
	25.00

	600
	635
	9.90
	25.00


N.B: (....) The DN 125 are not very used.

[bookmark: _Toc208631918][bookmark: _Toc223513534][bookmark: _Toc242861444]2.12.3 Steel Pipes and Fittings
The pipes made out of steel and their connections must correspond to the standards in application. The use of the pipes and connections out of steel is limited to piping of the works of collecting, treatment, supply, under pressure, and storage for the assembly in the open air. When they are welded tubes, the welding of sheets must be regular over the entire length of the tubes; the edges, cutting or projection, as much internally as externally, must be removed. The tubes are welded uninterrupted, either longitudinally, or helical.
The tubes must be subjected to a test of water pressure in factory which, in absence of alternative opinions, is carried out with pressures so that the stress of the metal during the test does not exceed 48% of the minimal strength breaking. These tests will be carried out systematically and the Contractor must provide the certificate of test in factory. The tubes without welding are obtained by hot rolling. If the type of joint requires a fitting, this one is obligatorily carried out by machines and when hot. Any part whose surface presents depressions, cracks, straws or degradations unspecified will be rejected. Any refill by welding or any other means is strictly prohibited. No tube is delivered without being approved in the production line to the following pressure, except in case of alternative provisions: 
· until the nominal diameter of 150 mm included 		60 bars
· from 175 to 250 mm included    		50 bars
· from 300 to 400 mm included    		40 bars
· from 500 to 700 mm included     		30 bars 

The Contractor must provide the certificate of test in factory.
Diameters and minimal thicknesses of the walls of the steel pipes: 
	Diameters (mm)
	Thickness of the tubes in (mm) 

	Nominal (DN)
	External (ED)
	Welded pipes 
	Pipes without welding

	60/65
	70.00
	3.20
	3.20

	80
	88.90
	3.20
	3.60

	100
	114.30
	3.60
	4.00

	150
	168.30
	3.60
	4.50

	200
	219.10
	3.60
	6.30

	250
	273.00
	4.00
	6.30

	300
	323.90
	4.50
	7.10

	400
	406.40
	5.00
	8.80

	500
	508.00
	5.60
	11.00



Fittings (plugs, couplings, bends, Ts, cones, etc.) must come from factories either ready for use or, for certain special fittings, be prepared on the site, but from elements prefabricated from factories. In all cases, fittings must receive, either on site, or in factory, external or internal coatings, or supplementary coats of protective value equivalent to that of the pipes which they connect.

[bookmark: _Toc208631919][bookmark: _Toc223513535][bookmark: _Toc242861445][bookmark: _Toc379617556][bookmark: _Toc400947401][bookmark: _Toc400962139][bookmark: _Toc401026080][bookmark: _Toc401048310][bookmark: _Toc401115350][bookmark: _Toc401115674][bookmark: _Toc401117108][bookmark: _Toc401120996][bookmark: _Toc401127205][bookmark: _Toc319920127][bookmark: _Toc319923222]2.12.4 Galvanized Steel Pipes
Following DIN 2440 or NBN A25-103 or equivalent; screwed following DIN 2999 
Minimal thicknesses of the tubes for galvanized steel pipes
	"
	DN
	External diameter
	Minimal Thickness

	¾
	20
	26.9
	2.65

	1
	25
	33.7
	3.25

	1 ½
	40
	48.3
	3.25

	2
	50
	60.3
	3.65

	2 ½
	65
	76.1
	3.65

	3
	80
	88.9
	4.05

	4
	100
	114.3
	4.05


[bookmark: _Toc208631920][bookmark: _Toc223513536][bookmark: _Toc242861446]2.12.5 Pipes out of rigid polyvinyl chloride (PVCr)
Regarding the connection of the pipes, each pipe is composed of one socket or female end and another plain or male end as prepared in the factory. The socket end is equipped with a rubber seal which must ensure total sealing to the joint as elsewhere in the pipes themselves. The characteristics of the pipes must be in conformity with the standards in application. In general, it is allowed to only use pipes with pressure rating of 6, 10 and 16 bars. The decision to modify the class of the conduits will be made by the Client according to the characteristics of the water which will be supplied. Controls are carried out in factory in accordance with the provisions of reception of the quality of the plastics. The joining of pipes of one material with fittings or valves of another must consist of a flanged adaptor. The diameters and the minimal thicknesses of the walls of the PVC tubes are indicated in the table reported hereafter:
Minimal thicknesses of the tube for PVCr tubes
	Diameter in (mm)
	Thickness of the tube in (mm)

	Nominal (DN)
	External (DE)
	PN 10 (8.5)
	PN 16 (13.5)

	40
	50
	2.40
	3.70

	50
	63
	3.00
	4.70

	60/65
	75
	3.60
	5.60

	80
	90
	4.30
	6.70

	100
	110
	5.30
	8.20

	150
	160
	7.70
	11.90

	200
	225
	10.80
	16.70

	250
	280
	13.40
	20.80

	300
	315
	15.00
	23.40

	400
	450
	21.50
	--



The bends with large radius and the double coupling are in PVC. The special fittings (T-pieces, cone reducers, flanged unions, and flanged socket adaptors) are in cast iron coated with plastic; their joints with the pipes being made by a rubber seal.
[bookmark: _Toc208631921][bookmark: _Toc223513537][bookmark: _Toc242861447]2.12.6 Pipes from High Density Polyethylene (HDPE)
The characteristics of the pipes must be in conformity with the standards in application. The diameters and thicknesses are those of the series for normal pressure rating of 16 bars defined by the same standards. The decision to modify the class of the pipes will be made by the Client according to the characteristics of the water which will be supplied. The diameters and the minimal thicknesses of the tubes in HDPE are indicated in the following table:

                 Minimal thicknesses of the HDPE pipes in (mm) 
	Diameters in (mm)
	Thicknesses of the tubes in (mm)

	Nominal (DN)
	External (DE)
	PN 10 (8.5)

	15
	20
	2.00

	20
	25
	2.30

	25
	32
	3.00

	40
	50
	4.60

	50
	63
	5.80

	60
	75
	6.90

	65
	75
	6.90

	80
	90
	8.20

	100
	125
	11.40

	150
	180
	16.40

	200
	250
	20.50



The pipes can be delivered in crowns, rolls or rigid tubes up to an external diameter of 90 mm. The pipes of higher diameter are delivered in rigid tubes. The pipes delivered in rolls will have the ends closed and tolerances over the length of 0.30 m per 100 m length. The internal diameter of the crowns of winding must, according to the external diameter of the pipes, be in conformity with the data of the supplier.
[bookmark: _Toc208631922][bookmark: _Toc223513538][bookmark: _Toc242861448]2.12.7 Coating of the pipes and accessories
The pipes as well as the means of fitting, accessories, valves and fittings, equipment, etc. must be protected internally and externally from corrosion. Generally, internal and external protections must be in an impeccable state before the installation of the pipes. In the event of need, the Contractor must renew these protective finishes even without the Client’s Engineer request. The Client’s Engineer or the representative reserves the right to reject the pipes whose protection is damaged. The coatings of external protection must adhere firmly to the surface of basic material, constituting a continuous layer of the pipe and effectively protect it from any action of the ground, or in a more general way, the surrounding environment. Any internal lining must be non-toxic and tasteless, neither giving any odour, nor colour to the water supplied. The Contractor must submit a certificate on the non-toxicity of the coating. Moreover, the lining must have a smooth and continuous surface and must protect effectively the pipe against any corrosion due to the water supplied even if the latter is aggressive. The coating is applied by centrifugation. The use of bitumen paint is strictly prohibited. The coatings are to be applied to dry surfaces, degreased, vacuum-cleaned and of calamine or powder corrosion. The following coatings are to be applied but other coatings can be used, provided that they have qualities and characteristics at least equivalent to those indicated:

a) Cast iron pipes 
Before application of the coatings, the cast iron pipes must be carefully sanded plain according to Swedish standards.
1) external Protection
· coated with zinc by projection with the flame 130 g/m² and
· adhesive bitumen for tropical zones of thickness 0.1 mm
2) internal Protection
· by cement mortar CHF for non or not very aggressive water
· by aluminous cement mortar for very aggressive water DN 80 - DN 300: 3 mm; beyond DN 300: do 5 mm 
b) Steel pipes (for visible pipes)
Before application of the coatings the pipes made of steel must be carefully sanded plain according to Swedish standards 
1) External Protection
· Either a layer of polyethylene with minimal thickness of 40% the thickness of the pipe to which it is applied. Polyethylene must show a minimal electric resistance of 40 kV/mm,
· Or a paint containing synthetic resins
· In factory: 2 layers of 5 m²/kg, the first on the corrosion-proof epoxy priming coat
·  After assembly: 2 layers of 5 m²/kg, the last layer in a colour according to directives of the Client’s Engineer.
2) Internal Protection
· Either special coating containing pure epoxy resins (non-toxic) on beforehand sanded or granulated surfaces (thickness min. 300 microns). 
· Or coating by cement mortar DN 80 - DN 300: 3 mm or of special cement DN 400 - DN 500: 5 mm 
c) Steel Buried Pipes
1) External Protection
· A primer of adherence containing bitumen, pitch of oil or synthetic resins on sanded pipe
· One or more protective coatings containing bitumen or pitch of oil possibly charged
· One or more iron framework in veil of glass or glass fibre coated in each protective coating
· A layer of antisolar protection minimal thickness of protection 4 mm to the body and 2.5 mm on welding
· Protection can be replaced by a self-adhesive rubber belting posed on a primer out of bitumen 
2)	Internals Protection 
		See visible pipes
d) Steel Pipes and hot galvanized heads of drilling
The fittings, hot galvanized by immersion and in particular the heads of drills, the steel pipes and the fittings galvanized by electrolysis, and those metallized with the spray gun (by projection with the flame) must satisfy the conditions of the standards in application. The zinc proportioning will be of 500 g/m² at least for external and internal protection.

e) PVC and PE Pipes 
No special protection is required apart from the particular care to bring to the trench. If for technical reasons, the pipes were to be laid in the open, they will then have to be protected with paint against the ultraviolet rays.
f) Cast iron and steel fittings 
Before application of the coatings, the fittings must be carefully sanded or granulated. 
1) External Protection 
Coat of bituminous paint containing coal-tar pitch. The thickness of dry film is 80 microns. 
2) Internal Protection
· special coating containing pure epoxy resins (non-toxic) hot applied to beforehand sanded or granulated surfaces (thickness min. 300 microns); 
· by cement mortar CHF for or not very aggressive water, by aluminous cement mortar for very aggressive water DN 80/DN 300: min. 3 mm, beyond the DN 300: min. 5 mm.
[bookmark: _Toc208631923][bookmark: _Toc223513539][bookmark: _Toc242861449][bookmark: _Toc319920129][bookmark: _Toc319923224][bookmark: _Toc379617558][bookmark: _Toc400947403][bookmark: _Toc400962141][bookmark: _Toc401026082][bookmark: _Toc401048312][bookmark: _Toc401115352][bookmark: _Toc401115676][bookmark: _Toc401117110][bookmark: _Toc401120998][bookmark: _Toc401127207]2.12.8 Assemblage of the pipes
Cast iron Pipes:
Automatic interlocking standard Tyton with ring of elastomer or rubber seal, Tyton locked or joint flanged.
Steel Pipes:
Fitted by interlock or flanged joints with ring of elastomer or rubber seal. If a welding is necessary (only with approval of the Client’s Engineer), the attention of the Contractor is drawn to the careful repair of the lining after welding. Piping will be designed so as to easily allow the application of the lining in the welding points.
Galvanized steel Pipes:
Fitting will be carried out by threaded connections.
PVC pipes:
Interlock without joining (hot formed fittings) with rings of joint of rubber or elastomer and flanged joints for the pipes having a diameter DN³50. For the pipes having a diameter DN<50 by joining (cold welding). The adhesives, the seals and the lubricant necessary to the assemblies are part of the supply.
PE Pipes:
Metal connections threaded for polyethylene tubes with rings of anchoring and support until 63 mm, saddle connections for low pressure, mesh with saddled metal supports welded in PE. For the higher diameters the assembly will be done by hot welding.
[bookmark: _Toc208631924][bookmark: _Toc223513540][bookmark: _Toc242861450]2.12.9 Packing, Packaging, Protection
PVC - HDPE - AG pipes and all the other supplies will be delivered exclusively in welded containers of 20 feet.
Cast iron or steel pipes will be delivered in bundles or ringed boots, so as to facilitate the handling operations, with packing adapted to the transport conditions and the needs for protection. The pipes in cast iron and steel will be delivered with a plastic stopper at each end of the pipes.
Handling and storage on site will be carried out in accordance with the recommendations of the suppliers. Thus, the cast iron pipes could be stored (by complying with the rules of packing) in the open air; the steel pipes will be protected from the sun, as well as the PVC and PE pipes.
The receptions of the delivered materials will depend on the application of adequate provisions of storage, and to the repairing or the replacement of all the supplies damaged during transport. In principle, the containers will be welded at the factory and will be opened only at their destination, i.e. without bursting of the parcels to the port of arrival. Thus, the containers will have to be distinctly marked with the title of the project.
At the end of the project, the containers will be given to the Client.
[bookmark: _Toc208631925][bookmark: _Toc223513541][bookmark: _Toc242861451]2.12.10 Specifications of the hydraulic equipment
The hydraulic equipment shall be in conformity with the prescribed models and meet the conditions indicated in this technical book. The castings must have perfectly modelled external surfaces, without trimmings that require again the scraper or the file.
The assembly drawings of the equipment shall come from the manufacturer.
Moreover, the flanges shall comprise one or more concentric circular washers, made in order to facilitate gripping of the nuts.
All surfaces prone to friction shall be machined; drillings of lid, blank flanges, flanged joints with piping shall be made with a drilling machine. The seats of valves and surfaces of behaviour of the shutoffs shall be made and rectified by hand or be ground in order to ensure a stable and perfect behaviour of closing. Threads will be done by machine; they shall be complete, to have the right edges, and without defects. A factory mark indicating the diameter of passage and the arrow of the direction of flow of water shall be visible on the external surface of the equipment.
For the stamped or forged special parts, these indications will be obtained by punching.
[bookmark: _Toc208631926][bookmark: _Toc223513542][bookmark: _Toc242861452]2.12.11 Flanges and cutting through of the flanges.
All the technical provisions concerning the flanges, machining, diameter, characteristic of the joint, surfaces contact, will be in conformity with the stipulations of the following standards:
Dimensions	Nuts and bolts 	Drilling
NF A 48-840	48-840	NF E 25-112
ISO 2531	ISO 2531	NF E 25-401
ISO 7005-2	ISO 7005-2	ISO 4014
---	---	ISO4032
Flanges will be delivered complete, i.e. with nuts and bolts and sealing packing. The supports like all the pipe fittings and valves and fittings shall be able to stand the pressures which they have to undergo, in particular at the time of the tests on the construction site. All the accessories of flanges (nuts and bolts) will also be designed to withstand the pressures. The bolts will be galvanized with threading and diameters in conformity with the standards. The suppliers are to ensure, before forwarding, the complete coherence of the deliveries: qualities of the provided equipment and cutting through templates in particular to ensure the coherence of the supplies of the drain's batches and valves and fittings and for the coherence of the parts of the same batch.
[bookmark: _Toc208631927][bookmark: _Toc223513543][bookmark: _Toc242861453][bookmark: _Toc319920134][bookmark: _Toc319923229][bookmark: _Toc379617563][bookmark: _Toc400947408][bookmark: _Toc400962146][bookmark: _Toc401026087][bookmark: _Toc401048317][bookmark: _Toc401115357][bookmark: _Toc401115681][bookmark: _Toc401117115][bookmark: _Toc401121003][bookmark: _Toc401127212]2.12.12 Nuts and bolts
All the nuts and bolts necessary to the assembly will be provided with the delivered equipment, and according to the standards specific to the equipment. Bolts and nuts will be protected from corrosion.
· stainless in the material of manufacture
· by surface protection (zincing, cadmium-coating etc).
[bookmark: _Toc223513544][bookmark: _Toc242861454]2.12.13 Blank flanges
a) Normal blank flanges
The closure of the ends of the drains will be carried out with blank flanges (circular parts) made of the same material as the pipes required and drilled as indicated above at the flanges.
The supply should also include the sealing packing and the bolts necessary for the assembly. The blank flanges will be protected from corrosion like for the pipes.
b) Blank flanges with central embossing tapped
In addition to the preceding provisions, these plates will have a central part reinforced to obtaining of an opening Ø 125 tapped over a minimum length of 30 mm. These plates will be delivered completely machined and provided with their stopper.
The supplier shall present the drawing of the part according to regulations indicated above; the presentation of alternative solutions is allowed.
[bookmark: _Toc208631929][bookmark: _Toc223513545][bookmark: _Toc242861455]2.12.14 Devices for assembling rings of joint, discs, etc. 
All these supplies will be provided according to the type and of the number of joints provided by the Supplier for the dispatched material, with minimum excess of 10%.
Forwarding will also include the additional connections for cut on building site, the accessories of assembly, welding rods, etc. The seals will be made of elastomer quality for "drinking water" and will be stored in accordance with standard NF.T. 46.022.
[bookmark: _Toc208631930][bookmark: _Toc223513546][bookmark: _Toc242861456][bookmark: _Toc134019206][bookmark: _Toc319920139][bookmark: _Toc319923233][bookmark: _Toc379617567][bookmark: _Toc400947412][bookmark: _Toc400962150][bookmark: _Toc401026091][bookmark: _Toc401048321][bookmark: _Toc401115361][bookmark: _Toc401115685][bookmark: _Toc401117119][bookmark: _Toc401121007][bookmark: _Toc401127216]2.13 Valves and fittings
[bookmark: _Toc208631931][bookmark: _Toc223513547][bookmark: _Toc242861457]2.13.1 Common Regulations
The parts of valves and fittings must be in conformity with the applicable standards or the ISO standards; the standard ISO 5208 for the tests in factory. Regarding the terminology, classification, symbolization, conditions of manufacture, characteristics and tolerances, conditions of preparation of the specimen, technique of the testing, marks of identification and applicable clauses of reception. The parts of moulding must have perfectly modelled external surfaces, without trimmings that require again to be treated with the scraper or the file.
The assembly drawing of all the flanges shall be obtained from the factory. Besides, the flanges shall comprise of one or more circular and concentric washers, made to facilitate the behaviour of gripping. All surfaces prone to friction shall be machined; the drilling of the lids, blank flanges, flanged joints with piping shall be made with a drilling machine.
The seats of valves and surfaces of behaviour of the shutoffs shall be made and to be rectified by hand or to be ground to ensure a stable and perfect behaviour of closing. Threads will be done by machine; they will have to be complete, to have the right edges, and without defects. A factory mark indicating the diameter of passage and the arrow of the direction of flow of water will have to be visible on the external surface of the equipment. For the stamped or forged special parts, these indications will be obtained by punching.
The Contractor shall be required to file in the offices of the Client’s Engineer, for acceptance and before any usage, a representative sample of each hydraulic equipment, valves, taps, air vent, watering posts, fire posts, surface boxes, etc, which he proposes to install.
All organs of closure are closed in the direction of the needles of a watch. This direction will be indicated on the wheel or the head of the item by "O←" to open and "→F "to close, with arrows. The operation of the bodies of closure must be as easy as possible, both for the opening and closing. All the parts of valves and fittings are flanged.
[bookmark: _Toc208631932][bookmark: _Toc223513548][bookmark: _Toc242861458]2.13.2 Valves
a) Gate valves
The lower part of the passage of water is perfectly straight and smooth (no groove to receive the valve shutter is allowed). The valve shutter is made of cast iron with vulcanized synthetic rubber mould. The seat of the shutter shall be out of synthetic rubber. The body of the gate valves shall be made of cast iron. The elevated gate valves or those under manholes shall all be operated by turning a wheel. The valves buried under the ground will be equipped with a mouth key, secured by a pit covered at the top at the roadside and to operate by turning long pieces of tubes.
b) Butterfly valves
An eccentric element rubber seal. The mechanism of the butterfly valve is provided by a housing of cast iron including a control lever, a bronze nut and a stainless-steel gear controlled by a lever. The buried butterfly valves will be equipped with a mouth with complete key while those installed above the ground will be provided with a steering wheel.
c) Taps and saddles for connections
The taps and valves of water adaption or stoppage for the connections are made of bronze or cast iron and bronzes. They are generally equipped with a mouth with key with gate vault. The test pressure is 16 bars in open position and 10 bars in closed position. They will be equipped with parts of connection corresponding to the nature of the control of the connection. The service clips in load are with glasses or embossing out of steel, cast iron, PVC or PE following the quality of the pipe. The service clips saddles must be provided with their connecting and seal holding bolts; they must be protected from corrosion.
d) Non return valves
In principle, the simple devices of no return are made of cast iron, with articulation made of bronze, brass or stainless steel, and rods in suspensions of the leaf made of malleable pig iron, nodular or graphite cast iron or steel, and lining made of synthetic rubber. They are provided with a dismountable cast iron lid fixed using bolts and with pins, and giving access to the leaf.
For special uses or in the case of intensive service, the non-return valves can be of the type with rubber membrane instead of a shutter with leaf or, of the type with polyurethane disc shutter supported on stainless steel springs but, will form part of those of the last generation being that ensures a quiet usage without shock and a with reasonable longevity. For raw water, the valve sandwich types made of stainless steel with shutter with angular displacement and embedded toric joint on the seat are recommended.
The valve whose articulation is flexible and made of flexible iron framework, metal or not, moulded elastomer are prohibited because of their low resistance during their service time. The operating pressures of the valves are standardized to 6, 10, 16, 25 bars or 40 bars.
e) Air vents
The air vents must make perform the three following operations automatically:
· air relief during the filling of the pipes
· air intake during draining of pipes.
· air escape whenever an air pocket tends to be created.
The operation of these gargets must not, in any case, cause water hammers in the pipes and must consequently be provided with the safety units, as well as taps or valves necessary, incorporated or not which isolate it from principal control. The air vent will be of the type of one or two balls. The body of the garget will be made of cast iron and the floats will be covered with rubber.

[bookmark: _Toc208631933][bookmark: _Toc223513549][bookmark: _Toc242861459]2.13.3 Protection against corrosion
Any lining must be of non-toxic quality, and not giving any taste, odour, or colour to water conducted. The Contractor must submit a certificate on the non-toxicity of the coating. The parts of valves and fittings are covered internally and externally after sanding according to the process hereafter:
a) Internally
· with a coat of epoxy paint, non-toxic quality, applied hot, minimum thickness 300 microns,
b) Externally
· with a layer of epoxy primer and after succession of two additional layers of epoxy paint, total thickness of the two layers 200 microns.

[bookmark: _Toc208631934][bookmark: _Toc223513550][bookmark: _Toc242861460][bookmark: _Toc134019207]2.14 Connections of BF
[bookmark: _Toc208631935][bookmark: _Toc223513551][bookmark: _Toc242861461]2.14.1 Composition of connections
The connection is of the type of DN 20 (3/4"). The connection will be done in intake chamber or surface box. To realise this type of branch connection, the following fittings will be used: 
· Saddle clamps in steel or cast iron with female filet for principal pipeline in PVC. 
· Valve of DN (3/4") installed in the intake chamber. 
· Pipe in G.I of 3/4" approximately 10-12 m per branch connection.
· Socket adaptors for connections with G.I pipes for water meters threaded externally.  
· Water meter with multiple jets, turbine, direct reading on numbered rollers contained in a transparent capsule, sealed, filled with a special and supplemented liquid of an effective device for the compensation of the pressure entering the interior of the capsule and outside. 
· Ref. DS 78 TRP and following; direct reading in m³ and litres.
· Valve right after the meter without purging with nut 3/4" female and exit male 3/4".
· [bookmark: _Toc319920141][bookmark: _Toc319923235][bookmark: _Toc379617569][bookmark: _Toc400947414][bookmark: _Toc400962152][bookmark: _Toc401026093][bookmark: _Toc401048323][bookmark: _Toc401115363][bookmark: _Toc401115687][bookmark: _Toc401117121][bookmark: _Toc401121009][bookmark: _Toc401127218]Stop cock before meter of inviolable type with a lock, of corresponding diameter.
· Galvanized steel stirrup for the water meter with two screws Ø 10 and casings the connection is shown on the standard drawings.

[bookmark: _Toc223513552][bookmark: _Toc242861462]2.14.2 Saddle clamps (Tapping collar) 
The saddles will be in cast iron with bolts or screws in cast iron or steel protected by an epoxy paint.
· Metal section minimum: 5 cm² for metal pipes.
· Minimal width: 100 mm for PVC pipe (this type of saddle equally be proposed in polypropylene).
The metal saddles will be supplied with sealing washers. 
The washers should be capable of working pressures of 15 bars and tested under 25 bars.

[bookmark: _Toc319920142][bookmark: _Toc319923236][bookmark: _Toc379617570][bookmark: _Toc400947415][bookmark: _Toc400962153][bookmark: _Toc401026094][bookmark: _Toc401048324][bookmark: _Toc401115364][bookmark: _Toc401115688][bookmark: _Toc401117122][bookmark: _Toc401121010][bookmark: _Toc401127219][bookmark: _Toc223513553][bookmark: _Toc242861463]2.14.3 Fittings for branch valves: common characteristics
a) Technical criteria:
· DN 20 (3/4")
· Working pressure 		max. 16 bars
· Test pressure 		25 bars
· Working temperature 	max. 40° for underground valves to 50° for valves mounted above ground level
	
b) Materials used:
· Body, seat, turning: Copper-alloy at least 58%.
· Levers: copper-alloy
· Wheel: copper-alloy or aluminium (proposed)
· Seals: quality elastomer for cold water 
c) Tests:
· The tests in the factory shall be performed at 16 bars minimum; the tests of the sealing washers will be done with compressed air in water (valve closed).
· For every type, the supplier will indicate the total unit weight, the weight of the copper alloys, and the composition of the alloy.
[bookmark: _Toc208631936][bookmark: _Toc223513555][bookmark: _Toc242861465][bookmark: _Toc319920144][bookmark: _Toc319923238][bookmark: _Toc379617572][bookmark: _Toc400947417][bookmark: _Toc400962155][bookmark: _Toc401026096][bookmark: _Toc401048326][bookmark: _Toc401115366][bookmark: _Toc401115690][bookmark: _Toc401117124][bookmark: _Toc401121012][bookmark: _Toc401127221]2.14.4 Stop valves before and after meter, tap.
The valves will be of spherical plug type with integral passage, and with order ¼ of turn. The construction characteristics are as follows:
· body:	brass
· bushel: 	mater “non- corrodible” or out of metal with
	coating “non-inscrutable”
· seals:	Teflon 
· stem:	brass
· handle of turning:	butterfly type, made of stainless steel. 
They will be planned for an operating pressure of 10 bars, and a test pressure of 16 bars. 
[bookmark: _Toc208631937][bookmark: _Toc223513556][bookmark: _Toc242861466][bookmark: _Toc319920145][bookmark: _Toc319923239][bookmark: _Toc379617573][bookmark: _Toc400947418][bookmark: _Toc400962156][bookmark: _Toc401026097][bookmark: _Toc401048327][bookmark: _Toc401115367][bookmark: _Toc401115691][bookmark: _Toc401117125][bookmark: _Toc401121013][bookmark: _Toc401127222]2.14.6 Accessories, reduction, connections, possibilities of disassembling
Are to be delivered, as parts for the connection away from the meter and of its casings - all the fittings of connection facilitate to ensure the continuity of flow of the DN meter and all the facilities of disassembling of the meter.
The supply includes all the seals between the metal parts of the connection and that of the accessories necessary for the assembly of the provided equipment, it will include the connections between G.I and PVC pipes. The stop cocks will obviously have to be flanged or unions adapted to the type of service pipe.
[bookmark: _Toc208631938][bookmark: _Toc223513557][bookmark: _Toc242861467]2.14.7 Water meters
The meters will be of the speed type with turbine, multiple jets laid out regularly, direct reading on numbered rollers contained in a transparent, sealed capsule, filled with a special and supplemented liquid of an effective device for the compensation of the pressure between the interior of the capsule and exterior.
The gauge will be respectively 15 mm, 20 mm and 25 mm and carried out according to standard 4064. The meters will be installed horizontally.
The reading will be done in cubic meters. The minimum graduation will be 1 litre. The figures of the drums for the cubic meters will be black. Those of the fractions of the cubic meter will be red. The totalized values recorded by the drum will be read directly without any coefficient. The meters will be protected from fraudulent handling by an external magnetism action. They shall be provided with mounting bushings. The dial shall be provided with a starter star that shall aid in carrying out the calibration on electronic bench.
In addition, the meter will be equipped with a non-return air valve. The metering zone will cover flows for which the variations of recording shall have an accuracy interval not exceeding +/- 5%. On operation, the meter will specify the flow as a percentage characteristic flow. From "X %" of the characteristic flow, the maximum change will be of +/- 1 %.
The operation will indicate the corresponding flows expressed as a percentage of the characteristic flow and will specify what percentage will be the maximum of 1%. The meter will have to stand a maximum operating pressure of 16 bars. The precision obtained from counter will not be influenced by variations of operating pressure up to 10 bars. The manufacturer will give a copy of an official statement of calibration of the meter of the type proposed. This statement will comprise the calibration curve of the meter which will not have any discontinuity.
a) Certificate of pretesting and acceptance inside factory
This test involves subjecting the same meter to a volume of water equal or higher than 1,000 times its flow characteristic.
The program, the technical conditions and the conduct of these tests will be specified in this certificate and will be a responsibility of the supplier.
Once these tests carried out, the meters must be submitted once again for testing of accuracy and precision such as on new meters. The results obtained after having carried out these last tests, must be disclosed.
b) Material composition
The meters and the accessories shall be fabricated using the basic materials, and with a method of assembly that allows for replacement of accessories.
The parts of the meter in contact with water should not be corrosive to release into water any products likely to spoil the water quality. They will be fabricated from materials that do not allow in any dirt and should be resistant to wear. The body of the meter should be made of non-ferrous metal. The bidder shall indicate the nature of the materials used for the body of the meter and its mechanical characteristics:
· characteristics of metal or alloy
· tensile strength
· elasticity
· Brinell hardness
All the axes of the mechanisms shall be made of stainless steel or the basic materials resistant to corrosion. The different stages of the axes will be protected from the possible mud deposits. Any other material for the axes other than stainless steel will be considered only if it provides the same guarantees as stainless steel.
Special attention shall be given to the quality and performance of the supports of axes and pivots; these supports will have to guarantee high precision throughout all the lifespan of the meter.
The assembly of mechanical parts of the meter must be such that a partial replacement could be possible with ordinary tools and without the use of elements from several meters. 
c) Miscellaneous
Totalizer: The totalizer shall include at least five quantified drums. The meter must comprise a lid prohibiting accessibility inside.
The meters will be equipped with at least a filter.
The filter basket will be accessible without necessity to remove the lid.
The adjusting device of the meter will be accessible only if the lid is removed. The meter will be provided with two seals and two lids and the wire. The Supplier will guarantee the provisioning of the spare parts.
d) [bookmark: _Toc319920146][bookmark: _Toc319923240][bookmark: _Toc379617574][bookmark: _Toc400947419][bookmark: _Toc400962157][bookmark: _Toc401026098][bookmark: _Toc401048328][bookmark: _Toc401115368][bookmark: _Toc401115692][bookmark: _Toc401117126][bookmark: _Toc401121014][bookmark: _Toc401127223]Acceptance tests
At the time of the reception in factory, the following tests must be carried out:
1) Pressure tests to the pressure of 16 bars for 15 minutes. The meter should neither exhibit any seepage through the wall, nor any leakage in the screws.
2) Measurement of characteristic flow, checking of the limit of sensitivity, the limit of accuracy, and the zone of precision.
These tests will be carried out on 10 of the same meter’s gauges taken by the receiver on each batch of 100 meters forming part of the order considered. However, the number of meters tested by size shall not be lower than 5. These tests will be regarded satisfactory if 80% of the meters tested are in conformity with the specifications of the paragraphs a and b.
All the expenses resulting from these tests are entirely under the responsibility of the supplier.
[bookmark: _Toc223513558][bookmark: _Toc242861468][bookmark: _Toc134019208][bookmark: _Hlk133871586]2.15 Pumps
[bookmark: _Toc223513559][bookmark: _Toc242861469][bookmark: _Toc319920147][bookmark: _Toc319923241][bookmark: _Toc379617575][bookmark: _Toc400947420][bookmark: _Toc400962158][bookmark: _Toc401026099][bookmark: _Toc401048329][bookmark: _Toc401115369][bookmark: _Toc401115693][bookmark: _Toc401117127][bookmark: _Toc401121015][bookmark: _Toc401127224]2.15.1 Common specifications 
This specification defines the requirements for machines, axial pumps, semi-axial pumps, centrifugal pumps for single and multi-storey drilling electrical mortars. The pumps shall be fully fabricated in accordance with the standards and norms of IEC (International Electric Conditions).
The operation of the pumps will be by Hybrid electric/Solar motors. In general, the pumps will convey drinking water.  The Factory which will produces the Pumps should have a qualified staff /représentative in Rwanda  to repair the pumps in case Is Need and  spare parts are available. 
A very legible indicatory plate in non-alterable matter must be fixed on every pump and motor in an easy reading place. The indicatory plate will include at least the following information:
a) The model, the type, the serial number of the pump or motor 
b) The nominal discharge in m³/h
c) The manometric head of discharge in m  
d) The net suction head (NPSH) in m 
e) The power consumption of the pump, power consumption of the motor, its voltage, its wattage, its mode of starting, the power factor cos j and the efficiency h of the motor 
f) Number of revolutions per minute of the motor or pump.
The pumps must withstand a continuous operation at full load for 8000 hours/year.The design of the pump and hence the rotor must permit a steady operation at the nominal discharge at nearly the maximum output.
The given operating points have a precision of +/- 2% for the head and discharge.
When two or several pumps are installed in parallel, the features of manometric head according to the discharge must be perfectly identical. The maximum mechanical power absorbed by the pump must be in relation with the nominal power of the motor. The power of the motor must, in any case, be above the maximal power. 
For the vertical pumps, the sump appearing on the plants is only preliminary. The manufacturer of the pumps must suggest the configuration of the sumps and must make the necessary recommendations to ensure correct suction without any possibility of cavitation in all conditions. They must understand all accessories (complementary) necessary to assure these conditions.
The regime of the pump must be steady up to 130% of the nominal discharge and the characteristic curve must be inclined enough and steady between Qn and Q0, (see article 6.1.3.7).  
If some pumps are planned for the drilling which is still under construction, their data are indicated on preliminary title and should be verified before the ordering which shall be according to the results of the pumping tests. The material of the pump and the motor must perfectly correspond to the quality of water conveyed (aggressiveness, hardness, turbidity) according to the detailed prescriptions. The ambient temperature is of 45°C while that of the water discharged is 40°C to the maximum.  

[bookmark: _Toc319920148][bookmark: _Toc319923242][bookmark: _Toc379617576][bookmark: _Toc400947421][bookmark: _Toc400962159][bookmark: _Toc401026100][bookmark: _Toc401048330][bookmark: _Toc401115370][bookmark: _Toc401115694][bookmark: _Toc401117128][bookmark: _Toc401121016][bookmark: _Toc401127225][bookmark: _Toc223513560][bookmark: _Toc242861470]2.15.2 Components of a pump
a) Body of the pump
The thickness of the body of the pump or volute must withstand the pressure of running under no load, the maximum rotational velocity, besides the net head set up for the pump. The thickness of the body and the volute must be capable of allowing a thickness of corrosion of 3 mm. 
b) Wheel
The rotor must be manufactured from one element. It should be calculated to withstand the maximum rotational velocity. It must be polished.
The seals of the Wheels for the centrifugal pumps, between the discharge room, and that of suction, must be constituted by an element fabricated for the rotor and wear a ring attached to the body of the pump. 
The thickness of the rotor in this area must allow subsequent installation of the wearing ring dressed on it.
The toughness of the metal between the rotor and the ring of the discharge seal must have a minimum difference of 50 Brinell. The manufacturer must provide a play and tolerances required for these seals. These joints must be adapted to the quality of water, if this last contains strong particle. 
c) Bearings
The bearings of the pumps are constituted by ball bearings or rollers to ensure an operation of 30,000 hours at full speed and full load before replacement. For a series of centrifugal pumps, shaft bearings are spaced in two rollers and housed in a bearing absorbing advanced radial the corrosion of the pump. 
The drilling pumps have their bearings in bronze auto lubricated by a pumped fluid.
All systems lubricated by lubricating oil should level indicators that clearly visible, as opposed to those lubricated by grease which need no such level indicators.
d) Sealing joints 
For pumps, horizontal and vertical seals of the shaft are generally of the drain type unless when a mechanical joint is readily required.
e) Base plate for grouped pumps. 
Horizontal pumps must be supplied with an electric motor on a common base plate, for a unique fixing in concrete.
The vertical pumps must be equipped with a support level including the electric motor mounted on a fixed base plate. The fixing screws and bolts must be provided with support.
f) Pomp – motor coupling
For horizontal pumps, the type of coupling, between the motor and the pump is generally of the flexible type. It should make in such a way that one can control the angular and radial alignment of the shafts easily. The coupling must be provided with a protection of detachable sheet metal of rigid fabrication. 
The play between the protection and the coupling must be sufficient to avoid every possibility of contact between the two. For the drill pumps (submerged), a coupling of the rigid socket type is required.  
g) Electric motors for pumps drives 
As a rule, the electric motors that drive pumps are supplied by the fabricator of the pump. 
The power of the electric motor must be above the maximum needed by the pump and must give an optimal output during the normal service, 
The manufacture of pumps must supply the pump and the motor aligned on a unique base plate.
The non submerged motors are equipped with a terminal box which should satisfy the characteristics of electrical network and must have a protective type of value IP 54, according to the regulations of the CEI.
The submerged motors must be equipped with an electric cable connected to the surface of the terminal box. A drain is planned at the exit of the cable of the motor. No junction of the cables inside the drills is allowed.
h) Submerged pumps 
These pumps must be adapted to convey clear and aggressive water. In the choice of pump materials and the back of engine, the manufacturer must ensure water quality.
The electric pump group submerged is a mono or multistage centrifugal pump with radial or semi-radial wheels. The pump is put above while the engine is below. Between these two elements there is an aspiration body protected by oil sump filter intended to prevent impurities of big size from penetrating in the pump.
To each wheel corresponds a cell of pump body with diffuser. The cells are assembled between them by pins or strings.
Auto lubricated landings to water are situated to extremes. Intermediate landings must be planned for the multistage pumps. Except contrary indication, a restrain valve is envisaged at the superior part of the pump. The flexible or rigid rising main is connected to the pump by flange or threading.
The pump shaft and the engine one is connected by rigid coupling. The submerged engine is a type of rotor in short-circuits with water filling. Water is used for landings lubrication and cooling of coil of   watertight isolation type, as prescribed by CEI standards. A raised abutment in the lower part of the engine absorbs axial pressure caused by the pump and the rotor’s weight.
Watertightness of the engine must be ensured by collars of shaft watertightness to avoid any communication between ground water going in the drilling and the filling water of the engine, which must be clean and no aggressive.



i) Pumps joint to piping
The submerged pumps have joints by threading or flanges. The joints by threading should not have a higher diameter than 100 mm (4"). In additional, the assembly must imperatively be carried out without constraints of any kind to flange fitting or couplings so that the only admissible effort must be the one of tightening couple of nuts.
j)	Auxiliary Equipment
Each pump must be equipped according to its type of guard gate on aspiration and reversal conduits, of a non-return device on reversal side, manometers on reversal and aspiration side, piping for emptying and filling, devices for water of the pipes for draining and the filling and of the devices for lubrication of water draining.
The exact site of manometers will be indicated by its Representative or Project Manager according to tests to be completed and exploitation type.

k) Specifications and required Pumps (Submersible solar Pump in horizontal installation)

· PV array - Capacity will be Determined by contractor in the range of 200 Watt to 25 KWp which should be mounted on a suitable structure with a provision of tracking the sun.
· Motor Pump Set: submersible - D.C. Motor Pump Set (with Brushes or Brush less D.C.).
· Electronics - Maximum Power Point Tracker (MPPT) ...
· Interconnect Cables and “On-Off” switch.
· Modules supplied with the SPV water pumping systems should have certificate as per IEC 61215 specifications or equivalent National or International/ Standards
· Submersible Solar Pump (H=104m and Q=176m3/day)
· Efficiency should be great that 75%
· Hrizontal installation bracket
· 2 pair of ry run protection electrodes with 50m of cable per electrode
[bookmark: _Toc319920149][bookmark: _Toc319923243][bookmark: _Toc379617577][bookmark: _Toc400947422][bookmark: _Toc400962160][bookmark: _Toc401026101][bookmark: _Toc401048331][bookmark: _Toc401115371][bookmark: _Toc401115695][bookmark: _Toc401117129][bookmark: _Toc401121017][bookmark: _Toc401127226][bookmark: _Toc223513561][bookmark: _Toc242861471][bookmark: _Toc134019209]2.16 Elements in stainless steel
When the use of STAINLESS steel is required in unspecified documents of the market, and this is applicable for any element in the completion of market, for whatever and without distinction, the following materials are to be used as mentioned hereafter: 
a)   elements only subjected to the atmosphere influences
· Non-aggressive atmosphere:   	              steel 1.4301  (X 5 CrNi 18 9)	     18/9
· Aggressive atmosphere:		steel 1.4541  (X 10 CrNiTi 18 9)      18/9
b)  submerged elements
                  -   Non-aggressive water:         steel 1.4571 (X   10 CrNiMoTi   18  10)     	18/10/2
                   - Aggressive water:	steel 1.4435	(X 2 CrNiMo 18 12)	18/12/3
c) pumps without distinction
                   -  All water                               steel 1.4571 (X  10   CrNiMoTi  18   10)	18/10/2
If molybdenum is indicated in the composition, its content in these steels must be at least 2%.
The Contractor can propose other types of stainless steel in condition that characteristics correspond to the steel’s characteristics proposed above.
Concerning pumps, the steel quality mentioned above is required if nothing else is specified in other documents of the present market. If specific technical forms to each pump are part of present market, in fact the taken specifications will be applicable.
STAINLESS steels must be done only with stainless tools. The welding must be carried out under nitrogen atmosphere. The pieces must be treated in the scouring bath followed by a passivation of the surface. The necessary assemblage pieces must be able to avoid catalytic corrosion. If necessary, insulation elements of are to be provided.
The Contractor is held to produce the references specifying the values of supplies components. These references will have the seal and signature of the manufacturer.


[bookmark: _Toc223513562][bookmark: _Toc242861472][bookmark: _Toc134019210]3. ELECTRICAL EQUIPMENTS
[bookmark: _Toc319920151][bookmark: _Toc319923245][bookmark: _Toc379617579][bookmark: _Toc400947424][bookmark: _Toc400962162][bookmark: _Toc401026103][bookmark: _Toc401048333][bookmark: _Toc401115373][bookmark: _Toc401115697][bookmark: _Toc401117131][bookmark: _Toc401121019][bookmark: _Toc401127228][bookmark: _Toc223513563][bookmark: _Toc242861473][bookmark: _Toc134019211]3.1 General information
a) Prescriptions

The ensemble of electric components must correspond to the last editions of:
· Regulation of International Electro technical Commission (IEC),
· Standards and special regulations of EUCL,
· Applicable standards in the framework of the present project.
The local technical prescriptions precede those from material manufacturing country in vigour as well as those mentioned above.
All other equivalent prescriptions can be applied if they are not in contradiction with those mentioned above, after the verification by the Client’s Engineer.
All changes in contract documents must be indicated in the latter one. 
The Contractor will assume the whole responsibility of the assembly and the installation operations.
b) Climatic conditions
All the materials and equipment will be used under the subtropical climatic conditions. They will function having an ambient temperature of 15 - 45°C and a relative humidity of 20 - 98 %. All conducting components not corresponding to this temperature will be declassed. The isolated materials will be non-hygroscopic and resistant to the leak current.
The isolated materials of Rotary machines will be classified "F". All moving contacts will be resistant to corrosion and auto-cleaning. Tableau of command, boxes and similar components will be protected against insects’ intrusion.  
c) Works Volume 
Prescribed works of electricity include all the performances required with the aim of an impeccable operation, meaning electric power supply, installations of coupling, cabling, command, measurement instruments, lighting, socket, switches, protection of lightning protector, protection against over voltage, earthling and special installations.
On this point, the contactor must particularly be attentive to the pieces of the present market.
d) Coordination with company of electricity supply 
Installations of energy source are to be subjected to the agreement of EUCL. The equipment isolation is dimensioned according to airline conditions.

[bookmark: _Toc400962163][bookmark: _Toc401026104][bookmark: _Toc401048334][bookmark: _Toc401115374][bookmark: _Toc401115698][bookmark: _Toc401117132][bookmark: _Toc401121020][bookmark: _Toc401127229][bookmark: _Toc223513564][bookmark: _Toc242861474][bookmark: _Toc134019212]3.2 General Conditions of installations
[bookmark: _Toc319920153][bookmark: _Toc319923247][bookmark: _Toc379617581][bookmark: _Toc400947426][bookmark: _Toc400962164][bookmark: _Toc401026105][bookmark: _Toc401048335][bookmark: _Toc401115375][bookmark: _Toc401115699][bookmark: _Toc401117133][bookmark: _Toc401121021][bookmark: _Toc401127230][bookmark: _Toc223513565][bookmark: _Toc242861475]3.2.1 General information
The needs of prescribed electric installations depend on local climatic and geographical conditions. Resistance to the short-circuits, the surcharge capacity and the mechanic requirement are to be respected. The charge is to be distributed in 3 phases of symmetric way.

The conditions of the neutral installation, the maximum voltage drop as well as the protection installations in the case of short-circuit, surcharge, over voltage and internal errors of manoeuvres, must be taken into account and justified.
The selectivity of protection organs must be guaranteed in all the operating conditions.
In case of submerged installations or flooding danger, the installation must be done so that it can resist to water pressure according to its depth.
To prevent the corrosion danger, the installation must be made in galvanized steel, or in case of serious danger, in stainless steel or plastic material. The installation being outside the buildings as well as all the buildings entrance must be built so as to resist to the termites or other parasitic insects of the region.
All electrical installations as well as the switch box and their equipment are to be disposed so that they can be easily reached and supervised constantly, and their site must be easy access and the normal circulations ways should not be disturbed by the service and the surveillance. The planning and the electrical installations completion must be coordinated with civil engineering planning and hydraulic equipment. The Contractor will place all necessary booklets to facilitate the identification and the manipulation of various apparatuses.
[bookmark: _Toc223513566][bookmark: _Toc242861476]3.2.2 Electrical boards
Installations of low-tension distribution (LV) and those of switch in the closed buildings are to be envisaged in boards prefabricated in galvanised sheet steel, with paint undercoat and topcoat, closed all sides (even the top), with doors in front, in tropical completion, with filters and ventilator for the aeration and resistance to heating (controlled by thermostat).

It is necessary to envisage collecting bars in quiver, for LV with separate collecting bars for protection conductors.
Boards will be made in folded and welded sheet steel of 20/10 thickness. doors will not exceed 800 mm of length. Their clearance will be of 180° minimum without imposing abnormal effort on the hinges. They will be able to get out their hinges.

A small plane door cover will be envisaged for each door. 

Pediments will be opening; their hinges will be vertical for the pediments having more than 1250 mm of length and will be horizontal with down-up and below opening. Blocking, in opened position, will be ensured in this last case. In the boards on the ground, the pediment will allow the axis installation of measuring apparatus approximately 1.85 m from the support lower side.

The bottom and the roof of the boards will be removable. The boards and boxes will be equipped with lock handles. The metal elements will be protected by one anti-corrosion revetment after being carefully dry cleaned; the topcoat paint will be approved by the project manager. The Protection level should not be reduced because of entrees and insertions of equipment. Each cable must have a separate input.

Multi wire line conductors are terminated by thimbles. Plates will be envisaged in indicating the cell number, function and the departures types.

All precautions will be taken to ensure the exploitation protection, in particular:
· the doors will comprise a shunt of copper braid, bolted in one of its end;
· the disconnecting switches will comprise contacts with visible cutting.

The boxes and boards will comprise in their low part general earth lead terminal in copper.
The installations in open air and/or protected by a simple shelter will be surrounded in cast iron boxes, or in another robust materiel.
[bookmark: _Toc400962166][bookmark: _Toc401026107][bookmark: _Toc401048337][bookmark: _Toc401115377][bookmark: _Toc401115701][bookmark: _Toc401117135][bookmark: _Toc401121023][bookmark: _Toc401127232][bookmark: _Toc223513567][bookmark: _Toc242861477]3.2.3 Accessories for installations
The necessary accessories to the maintenance and to the installations repair and the power stations will be provided, completed according to the local prescriptions and kept wall boards. For the security, we envisage panels to avoid accidents, giving instructions for the premiers care and one (1) ensemble plane; one (1) emergency lighting with accumulator, a carpet in rubber  of 1m wide posed along the frontage of the electricity boards.
The costs of these services are included in the bid prices in the framework of the price schedule by the Contractor.
[bookmark: _Toc360601219][bookmark: _Toc360606683][bookmark: _Toc360609096][bookmark: _Toc381159792][bookmark: _Toc400962167][bookmark: _Toc401026108][bookmark: _Toc401048338][bookmark: _Toc401115378][bookmark: _Toc401115702][bookmark: _Toc401117136][bookmark: _Toc401121024][bookmark: _Toc401127233][bookmark: _Toc223513568][bookmark: _Toc242861478]3.2.4 System of reactive current compensation
It is necessary to envisage compensation systems for all the installations located behind the measurement device of EUCL at cos j = 0.9 minimum.
The required value of EUCL must be taken into account. 
It is necessary to envisage fixed condensers for transformers of power and lighting. For the engines and other clients, it is planned an adjustable or mixed system. The compensation systems include the circuit breakers or fuse wire with connecting to the electricity board, resistances to discharge, the contactors and the automatic control.
[bookmark: _Toc400962170][bookmark: _Toc401026111][bookmark: _Toc401048341][bookmark: _Toc401115381][bookmark: _Toc401115705][bookmark: _Toc401117139][bookmark: _Toc401121027][bookmark: _Toc401127236][bookmark: _Toc223513571][bookmark: _Toc242861481]3.2.7 Plans and Diagrams
Before undertaking the equipment completion, the constructor will forward to the project manager in two specimens the following plans:

· outline diagram with circuits resignation,
· wiring diagram,
· arrangement plan of the installed apparatuses,
· frontage plan, 
· work description, 
· conception, calculations documents 

The completion will be able to start only after reception of agreement on selected arrangement. A complete set of plans will be to join to the equipment at the time of its reception. The purpose of the diagram outline is to materialise the supply conditions and automaticity in which the project manager wishes to see functioning apparatus to command.

The provided diagram does not discharge the constructor from the responsibility of perfect ensemble operation and this one will be free to propose any modification and to envisage the adjunction of any additional relay or auxiliary which he will consider necessary.

On outline or wiring diagram, must be indicated principal characteristics for each apparatus such as:
· ammeters calibre, contactors, cut circuit, disconnector, switches;
· adjustment range of protection relays and the time relays.
[bookmark: _Toc400962171][bookmark: _Toc401026112][bookmark: _Toc401048342][bookmark: _Toc401115382][bookmark: _Toc401115706][bookmark: _Toc401117140][bookmark: _Toc401121028][bookmark: _Toc401127237][bookmark: _Toc223513572][bookmark: _Toc242861482]3.2.8 Acceptance test of equipment
For each equipment, the following will be carried out:
· no-load running test of remote-control circuits
· insulation test between each active conductor and mass
· resistance tests of loop and ground
A report will be drawn up and aimed by the constructor and the Project Manager.
[bookmark: _Toc223513576][bookmark: _Toc242861486] 3.3.3 Cell Description AV
Arrival cell includes a switch cut in load with manual control, a disconnector switch of earth point with manual control and locking. 
A measuring cell includes a disconnecting switch, a fuse and voltage transformers, current transformers and the necessary connections and consumption meters o.

A switch gear cell in short-circuit includes a disconnector with manual and automatic control, the disconnecting switch, the protection transformers, the protection and manoeuvre devices. The cell with general disconnector includes a general disconnector with double disconnecting.
A departure cell to the power transformer includes a switch cut in load, fuses system and 2 disconnecting switches. 
The cells airing of power transformers must be envisaged, either with anti-mosquito nets, or by ventilators.
[bookmark: _Toc223513577][bookmark: _Toc242861487]3.3.4 Locking and interconnections
Combined switches – cut-circuit are envisaged with the automatic opening of the switch by the cut circuit.
[bookmark: _Toc223513584][bookmark: _Toc242861494]3.4.3 Equipment

The disconnectors are equipped with a mechanism of abrupt passage and necessary opening, with instantaneous release and thermal release of current maximum, manual control, and position indicators of disconnectors with transformers adaptation. 

For disconnectors, disconnector–motor and thermal relay, the values of thermal current and overload protection are adjustable. For the miniature disconnectors which are envisaged for the socket-outlets and lighting, the values are fixed. 

The thermal relays are envisaged with temperature compensation As indicated on the specification of the Pumop. The switches and contactors must correspond to the nominal current of the connected equipment and protected by disconnectors or fuses. 

The contactors are AC 3 minimum class according to IEC 158 or AC 4 class if necessary. The switches will have closing and abrupt opening, independent of the operation manoeuvre.

The contactors and disconnectors calibres will be at least 15% higher than the rated current of the apparatus.

Each control relay will comprise a free OFF contact or the possibility to affix it.

The metric relay volt will be supplied in parallel with the voltmeter switch on independent circuit and protected by cuts circuits with HPC cartridge or disconnector to short-circuit. 

The manoeuvre handles of disconnectors and switches will be outside board doors. 

The contactors power supply, switches and disconnecting switch will be always on superior bound.
[bookmark: _Toc400962184][bookmark: _Toc401026125][bookmark: _Toc401048355][bookmark: _Toc401115395][bookmark: _Toc401115719][bookmark: _Toc401117153][bookmark: _Toc401121041][bookmark: _Toc401127250][bookmark: _Toc223513585][bookmark: _Toc242861495]3.4.4 Starting System
The starting systems are to be adapted to electric motors. In general, it is necessary to envisage the following systems:
· lower than 4 kw:		direct –on-line starting if nothing else is specified.
· 4 kw and more:  		starting system with limitation of starting load.
                                                at 2.5 - 3 times of the one of the nominal current 
The systems must be equipped by relay, contactors, resistances, as well as necessary material for the indicating and the control. 
The starting mode is described in the descriptive report. 
In case of starting system of star-delta, the supplier and the contractor will guarantee the starting in all circumstance.
[bookmark: _Toc223513586][bookmark: _Toc242861496]3.4.5 Indicating
The security or control transformers are dry type with protection against primary and secondary overloading and to install in the boards. The voltages are to separate and to protect the systems to 0.40/0.23 KV. 

The indicator lamps of indicating which will have a minimum of 20 mm of diameter are envisaged by electroluminescent electrodes to install on the board's frontages.
1)  proposed colours are:
· green for operating, indicating a correct operation,
· red for stop, breakdown, abnormal limit value, 
· white for indicating normal conditions.

 The illumination is continuous in normal and flashing operation in case of breakdown.

2) For the push buttons, in principle it is the same principle as the signal lamp.

3) A hone indicates each automatic shutoff caused by a defect.

4) [bookmark: _Toc400962186][bookmark: _Toc401026127][bookmark: _Toc401048357][bookmark: _Toc401115397][bookmark: _Toc401115721][bookmark: _Toc401117155][bookmark: _Toc401121043][bookmark: _Toc401127252]The voltmeters will have 96 mm of side and will be graduated of 0-500V. With each voltmeter, it is necessary to envisage a voltage commutator for voltage between phase-phase and phase-neutral. Starting 20 A, they will be supplied by current transformers of secondary calibre of 5 A and will be on motor scale.

5) The measuring instruments must correspond to 1, 5 class.

6) A pushbutton for the lamps test is obligatory.

7) A stop push button of defect indicating is obligatory; its operation will be effective only after the defect elimination.
[bookmark: _Toc223513587][bookmark: _Toc242861497]3.4.6 Table and operating group
It is necessary to envisage the boards equipment for the following operation groups. 
1)   Group of general supply:
· disconnector,
· ammeters with indicators of instantaneous and maximum values,
· voltmeter with voltage commutator,
· voltmetric relay, voltage loss and phase reversal with signal lamp and automatic switch,
· battery,
· meter of operation hours,
· stabiliser.
2) Motors departure:
· disconnector, motor protection,
· starting assembly according to the envisaged system,
· protection relay assembly against thermal defect,
· test assembly including ammeter and hour meter,
· assembly with push buttons for "on", "off", "manual", "automatic", indicators for "off", "error", "manual", "automatic",
· reactive current compensation for cos phi = 0.95 with condenser, tripolar contractor, discharge resistance. 
· control assembly for automatic operating-stop, protection against the dry operating, clock control, etc. All for a good operation.
[bookmark: _Toc400962187][bookmark: _Toc401026128][bookmark: _Toc401048358][bookmark: _Toc401115398][bookmark: _Toc401115722][bookmark: _Toc401117156][bookmark: _Toc401121044][bookmark: _Toc401127253][bookmark: _Toc223513588][bookmark: _Toc242861498]3.4.7 Material of low voltage installation (lighting, socket-outlets and control)
The cables, socket-outlets, adapter boxes and switches will be installed in the following way:
· fitting: residences, offices, toilet
· under tube with a protection degree of IP54: workshops, pumping stations, power stations.
The cables connecting are envisaged with flexible flat cables or fixed in pipes. The socket-outlets and switches for small powers and lighting are solidly installed and fixed with screws. If the strands are used instead of wires, it is necessary to provide the ends conductors with the socket cable. It is necessary to use cables inside buildings. The tubes use with installation wire is prohibited. 
The socket-outlets and external lighting will be protected with switches of fault current.
[bookmark: _Toc223513589][bookmark: _Toc242861499]3.4.8 Internal Lighting
The contractor must guarantee the following minimal luminous intensity if nothing other is prescribed in the price schedule in different buildings:
· toilets, vestibule, pumping rooms, technical room,
· workshops, offices etc.
Individual switches are envisaged for each room. If there are more than three lamps per room, the switches for the putting in circuit are envisaged in two minimum degrees. Generally, switches number and their sites will directly define by Project Manager and/or its Representative.
[bookmark: _Toc400962189][bookmark: _Toc401026130][bookmark: _Toc401048360][bookmark: _Toc401115400][bookmark: _Toc401115724][bookmark: _Toc401117158][bookmark: _Toc401121046][bookmark: _Toc401127255][bookmark: _Toc223513590][bookmark: _Toc242861500]3.4.9 External Lighting
The lamps of external lighting will be to carry out as described in the price schedule, their site outside walls of the buildings or on post as directly described by the project manager. All lamps of external lighting must be tight to rain and to the insects, except stipulations opposite to the price schedule. 
For lamps on posts, it is necessary to envisage earth points with galvanized band steel of 30 X 3.5 mm, installed with buried cables and connected to a collecting terminal.
[bookmark: _Toc319920158][bookmark: _Toc319923252][bookmark: _Toc379617586][bookmark: _Toc400947431][bookmark: _Toc400962190][bookmark: _Toc401026131][bookmark: _Toc401048361][bookmark: _Toc401115401][bookmark: _Toc401115725][bookmark: _Toc401117159][bookmark: _Toc401121047][bookmark: _Toc401127256][bookmark: _Toc223513591][bookmark: _Toc242861501][bookmark: _Toc134019213]3.5 Remote control and Indicating
[bookmark: _Toc360601245][bookmark: _Toc360606709][bookmark: _Toc360609122][bookmark: _Toc381159818][bookmark: _Toc401026133][bookmark: _Toc401048363][bookmark: _Toc401115403][bookmark: _Toc401115727][bookmark: _Toc401117161][bookmark: _Toc401121049][bookmark: _Toc401127258][bookmark: _Toc223513593][bookmark: _Toc242861503]3.5.1 Incorporated Liquid level Switch
This apparatus is composed of pressed steel or iron body in which a float is mechanically connected to a mercury switch put in the box.
The body must be able to resist the test pressure (PN 16). It is provided for the higher and the lower part of the tube 1 inch (1 "). diameter. These two tubes are equipped with an isolating valve. In additional, the lower tube will be equipped with a drain valve.
[bookmark: _Toc360606710][bookmark: _Toc360609123][bookmark: _Toc381159819][bookmark: _Toc401026134][bookmark: _Toc401048364][bookmark: _Toc401115404][bookmark: _Toc401115728][bookmark: _Toc401117162][bookmark: _Toc401121050][bookmark: _Toc401127259][bookmark: _Toc223513594][bookmark: _Toc242861504]3.5.3 Switch "water guard"
This equipment installed in a well or in a source is intended to stop the pumps when the water level goes down below a certain value (micro switch max. 40 mm 24 V max.).
[bookmark: _Toc401026135][bookmark: _Toc401048365][bookmark: _Toc401115405][bookmark: _Toc401115729][bookmark: _Toc401117163][bookmark: _Toc401121051][bookmark: _Toc401127260][bookmark: _Toc223513595][bookmark: _Toc242861505]3.5.4 Pressure controllers (magnetic switches)
These apparatuses are used to close or open electric circuit starting form a certain value of the pressure. 
The transmission component of the pressure is consisted by deformable body acting on a mercury globule or equivalent system. The pressure and the difference of pressure are adjustable by two weighting screws. The pressure values are readable on a graduated scale inside or outside the box. 
The apparatus must resist the test pressure of 16 bars (PN 16). The manometric switches are connected to piping by the intermediary of absorber devices in the brutal pressure variations are not transmitted to them. 
[bookmark: _Toc223513596][bookmark: _Toc242861506][bookmark: _Toc134019214][bookmark: _Toc401026136][bookmark: _Toc401048366][bookmark: _Toc401115406][bookmark: _Toc401115730][bookmark: _Toc401117164][bookmark: _Toc401121052][bookmark: _Toc401127261]3.6 Earth point and arrester Installations, protection measures  
[bookmark: _Toc401048367][bookmark: _Toc401115407][bookmark: _Toc401115731][bookmark: _Toc401117165][bookmark: _Toc401121053][bookmark: _Toc401127262][bookmark: _Toc223513597][bookmark: _Toc242861507]3.6.1 Neutral Plan
The neutral will be directly envisaged on the ground with neutral and distinct protection conductor unless the local prescriptions envisage something else.
(TN-B type).
[bookmark: _Toc223513598][bookmark: _Toc242861508]3.6.2 Over voltage Protection
All the cables installed outside the buildings are equipped with arresters. All the control cables must be equipped with a device against over voltage with adaptation on electronic apparatus.
[bookmark: _Toc223513599][bookmark: _Toc242861509]3.6.3 Earth point
It is necessary to envisage earth point system of foundation as well as earth point with great corresponding depth, in a way that the resistance to the ground is lower or equal to 10 ohms in the drier season (galvanized steel band 35 X 3.5 mm, with connection piece for arrester system).


[bookmark: _Toc379617594][bookmark: _Toc400947439][bookmark: _Toc400962198][bookmark: _Toc401026143][bookmark: _Toc401048372][bookmark: _Toc401115412][bookmark: _Toc401115736][bookmark: _Toc401117170][bookmark: _Toc401121058][bookmark: _Toc401127267][bookmark: _Toc223513602][bookmark: _Toc242861512][bookmark: _Toc134019215][bookmark: _Toc319920160][bookmark: _Toc319923254]4. MODE OF WORKS COMPLETION
[bookmark: _Toc223513603][bookmark: _Toc242861513][bookmark: _Toc134019216][bookmark: _Toc319920161][bookmark: _Toc319923255][bookmark: _Toc379617595][bookmark: _Toc400947440][bookmark: _Toc400962199][bookmark: _Toc401026144][bookmark: _Toc401048373][bookmark: _Toc401115413][bookmark: _Toc401115737][bookmark: _Toc401117171][bookmark: _Toc401121059][bookmark: _Toc401127268]4.1 Site preliminaries 
The total expenditure for the preliminary activities of the site (stores, installations, maintenance, security, demolition as well as dumping, grading, and setting of the machines) is under the responsibility of the Contractor.
The connection of electricity on the site will be obtained from the nearest local distributor. In case the local distributor is not in position to supply the energy needed, the Contractor shall have to provide an independent generator of adequate power. The power costs are part of the site preliminaries.
The Contractor shall set up information or signposts on site according to the Client’s directions. The Contractor must set up a site office for the Client and his Representative in accordance with the needs of the latter, and shall fully furnish it ,unless otherwise stipulated in the price schedule.
Generally, the site must be clean and in a good order. It is strictly prohibited to leave the equipment and materials not in use and unusable in disorder, scattered on the construction sites. 
Preliminary works shall in addition include: 
a) Preparing, maintenance and rehabilitation, at the end of the work, of all the roads and all the grounds used within the framework of this project; this is valid especially for possible damage due to erosion.
b) The centralized concrete mixing to avoid any uncontrolled preparation.
c) The equipment to be incorporated in the works is to be stored in well closed and welded containers.
d) Construction of the site office. This consists of an office of 3.00 x 4.00 m for the representative of the project execution unit, a common room measuring 3.00 x 5.00 m, an office necessary for the site administration, as well as sanitary installations.
e) The provisional construction of the stores for the storage of the pipes and the accessories, cement, and any other construction material. The cost of the site preliminaries includes the charges for the operation and transport of vehicles for the technicians, and the consulting engineers of the control mission. Transport shall only be regarded within the project area. Any trip outside the project area by the personnel of the control mission.
f) Similarly, the cost for the site preliminaries shall cover the functioning of the site consultant’s office from the control mission, as well as the project execution unit, notably the charge for the small office requirements, local communication, and the charge for cleanliness of the office. 
The operating costs during the period of execution of the works will be met by the awarding office of the Contractor.

Each arrival of consignment is initially reported to the Client and his representative for inspection and assistance at reception.
The Contractor will hold an up-to-date inventory of the store. He is entirely responsible for any damage, pilferage, etc. which shall occur in the store, and shall have to replace it on his own account.
The Contractor shall also transport any remaining materials at the end of the project to some storage destination of the Client’s choice within the concerned district, without any special charge.
The Client has the right to visit constantly the stores of the contractor and to check the cards of stock and stocks of materials and equipment which will be used for the works.
Any piece showing upon arrival at the store corrosions, deteriorations, bends, cracks, loss of shape, traces of shocks, detachment or deterioration of the lining will be rejected. The damaged parts are to be evacuated from the construction site and deleted from the inventory.
When such a defect is found out later at the time of the installation or the pressure testing, this fitting will be rejected too.
The steel or cast-iron pipes shall be stocked in piles to a maximum height of two meters. Each pile will be isolated from the ground by two thick timber beams. Any entry of soil, sands, stones, etc. in the pipes is to be avoided.
The Contractor shall make all desired provisions to protect the stocks against the action of sunshine in order to avoid any material attack and any deterioration of the lining.
The piles of the PVC and HDEP pipes shall not exceed a height of 1 m and shall be laid on thick timber beams so as to isolate them from the ground and to enable them to rest over all their length. The PVC and rigid PE pipes must obligatorily be protected rigorously from the actions the sun and the ultraviolet rays (storage under shelter). The site engineer shall be responsible for the pipes and their storage as soon as they get to the site.


[bookmark: _Toc223513604][bookmark: _Toc242861514][bookmark: _Toc134019217][bookmark: _Toc319920162][bookmark: _Toc319923256][bookmark: _Toc379617596][bookmark: _Toc400947441][bookmark: _Toc400962200][bookmark: _Toc401026145][bookmark: _Toc401048374][bookmark: _Toc401115414][bookmark: _Toc401115738][bookmark: _Toc401117172][bookmark: _Toc401121060][bookmark: _Toc401127269]4.2 Preliminary activities
The preliminary works include: 
a) Thorough and detailed reconnaissance of the places.
b) The checking and possible correction of the drawings and plans with respect to the profiles, altitude, and site boundaries.
c) The exact definition of the layout of the pipelines and their execution, in collaboration with all the authorities concerned (Services of TP, PTT, and the Water and Electricity distribution Company etc.).
d) The establishment of the plans showing the various layouts of the pipelines of existing and projected links.
e) Topographic levelling of plots whose longitudinal profiles are not available.
f) The levelling of the tracings of the conduits for which a longitudinal profile is not available.
g) Establishment of working drawings for the pipe networks.
h) Establishment of the book of specifications with the sketches of the connections and the accessories based on the plans of implementation.
i) Verification of a list of pipes, fittings, and accessories.
j) Setting up of the works.
k) The geotechnical study relating to major works which is not yet available.
l) Static designs and plans of implementation of all hydraulic works.
m) All the plans of implementation must consider the approved project drawings.
[bookmark: _Toc223513605][bookmark: _Toc242861515][bookmark: _Toc134019218][bookmark: _Toc354978356][bookmark: _Toc354981399][bookmark: _Toc354997562][bookmark: _Toc355064559][bookmark: _Toc355150726][bookmark: _Toc355512227][bookmark: _Toc360596116][bookmark: _Toc360601152][bookmark: _Toc360606616][bookmark: _Toc360609029][bookmark: _Toc381159725][bookmark: _Toc401048375][bookmark: _Toc401115415][bookmark: _Toc401115739][bookmark: _Toc401117173][bookmark: _Toc401121061][bookmark: _Toc401127270][bookmark: _Toc319920163][bookmark: _Toc319923257][bookmark: _Toc379617597][bookmark: _Toc400947442][bookmark: _Toc400962201][bookmark: _Toc401026146]4.3 Transportation and handling of pipes and fittings 
[bookmark: _Toc401048376][bookmark: _Toc401115416][bookmark: _Toc401115740][bookmark: _Toc401117174][bookmark: _Toc401121062][bookmark: _Toc401127271]The pipes, fittings or accessories will be deposited carefully on the ground or at the bottom of the trenches and should not be rolled on stones or in rock ground without prior preparation of the tracks with timbers.
Offloading by fall, even on sand or tires, is prohibited. If the Contractor does not have a rather powerful lifting gear, it will be necessary to carry out offloading while rolling the pipes on a tilted level of beams and by slowing down their descent.
The handling operation of the lifting gear using hooks shall not be applicable to steel, but only be by using slings furnished with leather or thick rubber or by straps made of fabric and maintained apart aside by a bar. 

[bookmark: _Toc223513606][bookmark: _Toc242861516][bookmark: _Toc134019219]4.4 Category of excavated material 
The definition of the categories of excavations relates to the soil masses resulting from the excavations of the construction and those from the trenches for the laying of the pipes.
a)  Excavations "in loose soil" consist of:
· loose soil, mediumly compact, solid masonry or concrete or decomposed rock, such that during mechanical excavation, can be directly carried out with a mechanical shovel without slipping or at the time of manual excavation can be directly excavated by shovel and pickaxe.
· blocks isolated from compact rock, compact concrete or lateritic concretions up to 200 litres.
b) Excavations "in compact soil" consist of:
· compact soil, solid masonry or concrete, rock which at the time of mechanical excavation requires as a prior loosening by a ripper or pneumatic drill and possibly a shock with explosives or during manual excavation requires the use of a pneumatic hammer.
· blocks isolated from compact rock, compact concrete or lateritic concretions of more than 200 litres up to 1,000 litres.
c) Excavation "in rock" consist of:
· compact rock, massive of concrete which has to be cut down systematically with the explosive including any possible operation of pre-cutting.
· unspecified rock excavated with the milling machine or the tunneller.
· compact rock, concrete block which, at the time of prohibition of use of explosive, is excavated with the hydraulic burster, the heavy hydraulic rock-breaker or by any other similar means.
· blocks isolated from compact rock, compact concrete or lateritic concretions of more than 1,000 litres.
[bookmark: _Toc208631944][bookmark: _Toc360596119][bookmark: _Toc360601155][bookmark: _Toc360606619][bookmark: _Toc360609032][bookmark: _Toc381159728][bookmark: _Toc401048378][bookmark: _Toc401115418][bookmark: _Toc401115742][bookmark: _Toc401117176][bookmark: _Toc401121064][bookmark: _Toc401127273]The Contractor will ask in convenient time for the intervention of the Client or his representative for the recognition on the ground of the various categories of excavations.
In the justified absence of the agreement of the Client, all the excavations are regarded as being in loose soil. Spoil will be remunerated according to theoretical profiles of trenches and the excavations of construction or according to real profiles' if they are lower than the theoretical ones.
[bookmark: _Toc223513607][bookmark: _Toc242861517][bookmark: _Toc134019220]4.5 Presence of rock and instructions concerning the use of explosives
[bookmark: _Toc208631945][bookmark: _Toc223513608][bookmark: _Toc242861518]4.5.1 Presence of rock
Excavations in rocky terrain of any hardness and consistency, faults, stratified or any other nature must be implemented according to the methods approved by the Client’s Engineer including the use of the explosives.
However, the use of explosives will not be authorized for the excavations in populated areas. In all the cases, the Client’s Engineer shall order in writing the prohibition of the use of the explosives if he considers that the use of explosives contradicts with the laws in force, harming the performance of work or to threatening the safety of traffic on public roads, but only after such a ban, the contractor can raise any claim.
[bookmark: _Toc208631946][bookmark: _Toc223513609][bookmark: _Toc242861519]4.5.2 Guidelines on the use of explosives
In cases where it would be necessary to use explosives for extractions in rocky terrain, the Contractor shall obtain the necessary permits and comply with all regulations of the military authorities in this regard. The spoil in this case is that which cannot be carried out by mechanical means and which, therefore, require the use of explosives.
The Contractor shall conform to the following general safety measures:
a) Before firing of the loads:
· To vacate the site and to prohibit its access
· To announce the shooting by aural signals, the first at least five minutes before the firing
· Not to charge the same hole with explosives of different classes
· Not to leave without monitoring a hole charged
· Not to strip a charged hole or not charged.
b) After the shooting:
· To visit the rubble spoil and the undergrounds
· To authorize the return of the personnel on the site only after a minimum period of five minutes
· The site will be consigned after the shooting for half an hour if:
1. One used accessory gearboxes
2. The flight comprises more than eight blows of mine
3. One distinctly did not understand the number of blows envisaged
· Not to deepen the blast holes having made spray gun.
[bookmark: _Toc401048380][bookmark: _Toc401115420][bookmark: _Toc401115744][bookmark: _Toc401117178][bookmark: _Toc401121066][bookmark: _Toc401127275]Throughout the duration of blasting of rock, control should be done jointly by the Client’s Engineer in charge of the works and by a representative from the department of mines and geology called hereafter "the Mining engineer". Before the beginning of work and within 10 working days, after the last signature of approval of this contract, the Contractor will address to the Client a note indicating the nature of the explosives which it intends to employ. In the danger zones, there will be two tests of explosives done according to the instructions of the Mining engineer so as:
· to determine the loading densities to be used in the populated areas
· to study the most economical plan of the mine.
The Contractor will inform the Client’s Engineer and the Mining engineer 72 hours before each shooting which will not be able to take place without their presence.
[bookmark: _Toc223513610][bookmark: _Toc242861520][bookmark: _Toc134019221]4.6 Works of pipe laying 
[bookmark: _Toc223513611][bookmark: _Toc242861521][bookmark: _Toc401048381][bookmark: _Toc401115421][bookmark: _Toc401115745][bookmark: _Toc401117179][bookmark: _Toc401121067][bookmark: _Toc401127276]4.6.1 Opening of the trenches 
The Contractor will submit for the approval by the Client, at least a week in advance, the sections with open trenches and where he intends to lay pipes. Approval will be withheld when the Client or his representative judges that the Contractor already opened in an exaggerated way others trenches without closing them or if it is already foreseeable that the installation of the pipes or the closing of the trenches will delay.
When drawing up plans and setting a line of implementation and setting up the network, the Contractor will check the distance from the trench to the foundations of the cutting through close buildings. Any possible damage caused to these buildings at the time of the works shall be exclusively under the responsibility of the Contractor.
The identification and the definition of the layout are carried out by the Client or his representative and the Contractor. The operations of establishment of the layout, picket and location of the underground works (pipes, cables, glances, and other obstacles) will be carried out by the Contractor.
All the underground obstacles and works will have to be reproduced on the plans of implementation presented by the Contractor if they are identified at the time of the site exploration. Alternatively, these works and obstacles will be mentioned and will be reproduced on the plans of verification.
The trenches will be made in accordance with the drawings and specifications of the Engineer. The minimum depth will be given according to the diameter and of the material. In the event of rock, the Engineer can order a lower pipe cover. The bottom perfectly will be drawn up and purged stones met.
For the normal grounds in lateritic (clay soil, sandy, gravely) and for the live load of 30 T, i.e. 6 T per wheel, the covers mentioned in the table hereafter can be used for the pipes. For other conditions of the ground and/or more important live loads, the Contractor will provide calculations justifying the necessary cover of the pipes.
Otherwise, it will be necessary to cover the pipes with concrete of class B with a thickness equal to DN/2 and at least 10 cm.
Thickness of the nominal cover

	Nominal diameter (mm)
	Minimal coverages in (cm)

	
	Pipes in steel
	Pipes in cast iron 
	Pipes in PVC
	Pipes in HDEP

	25-65
	80
	80
	80
	80

	60-80
	80
	80
	80
	80

	100
	80
	80
	80
	80

	150
	80
	80
	90
	90

	200
	80
	80
	95
	100

	250
	80
	80
	100
	--

	300
	80
	80
	100
	--

	400
	90
	90
	105
	--



The excavation and the backfill of the excavations will be remunerated by the linear meter (ml); in the event of on depths, additional spoil fill will be remunerated by the cubic meter (m3) and will be based over the nominal width of the excavation.



The normal depth of the trench can vary between:
	P min. = C + De (cm)
and
	P max. = C + De + 100 (cm)
where
	C = minimal cover (cm)
	De = exterior diameter of the pipe (cm)
The resulting table below reports the minimal and maximum depth from the excavations according to the material of the tubes.
                      Depths of trenches 
	DN
(mm)
	ROUND DEPTHS OF TRENCHES (cm)

	
	Steel pipes
	Cast iron pipes
	PVC pipes
	HDEP pipes

	
	min.
	max.
	min.
	max.
	min.
	max.
	min.
	max.

	25-65
	90
	190
	90
	190
	90
	190
	90
	190

	80
	90
	190
	90
	190
	90
	190
	90
	190

	100
	90
	190
	90
	190
	90
	190
	100
	200

	150
	100
	200
	100
	200
	105
	205
	110
	210

	200
	100
	200
	100
	200
	115
	205
	120
	220

	250
	110
	210
	105
	205
	130
	230
	--
	--

	300
	110
	210
	110
	220
	130
	230
	--
	--

	400
	140
	240
	130
	230
	150
	250
	--
	--



The width of the excavations will be at least:
l = DE + 0.40 m to DN 350
l = DE + 0.70 m from DN 400
to allow an open space for the handling of the pipes.
Generally, a propping of the excavations or an execution with slope is necessary starting from 1.25 m of depth.
The Contractor will fix in agreement with the Client in suitable time, the use of a shoring or the execution of trenches with slopes whose angle must be of 60° to the maximum. The use of a shoring will be remunerated only if one special shoring is necessary. The normal shoring necessary to the stabilization of the walls of trenches and the protection of the personnel is included in the earthworks and will not be remunerated in supplement.

The bases of the trench excavations will be drawn up perfectly well and purge the stones met.
They will be levelled using bowlines and levelling instruments to avoid encounter of any slope between 2 points given in the longitudinal profile.
[bookmark: _Toc401048382][bookmark: _Toc401115422][bookmark: _Toc401115746][bookmark: _Toc401117180][bookmark: _Toc401121068][bookmark: _Toc401127277]For the parts of the networks where the pipes will be laid without longitudinal profile, or with profiles longitudinally established by the Contractor, it should be approved by the Client or his Representative. In all cases, prior to the excavation of trenches, control using bowlines shall be established by the Client or his representative.
When the opening of a trench reveals even light water leakages on existing pipes, the Contractor will warn the Client’s Engineer.
The Contractor will use an apparatus to detect the pipes before the opening of the trenches. In the event of meeting of the electric cables or telephone or other networks underground, the Contractor will take all precautions so that it is not interfered with.
The Contractor remains entirely responsible with respect to the existing services concerned in case of any possible damage.
In general, when a control is to be posed parallel to an electric cable, the spacing will be at least 80 cm. For a transverse cable, the minimal distance will be 40 cm. Exceptions will be possible only on permission of the owner or his representative. Generally, the Contractor will announce to the Client any meeting of objects in the excavations. When masonries appear in the ground, they will be levelled to 20 cm below the trench bottom. When they are rock grounds, this deepening could be reduced to 10 cm.
In these two cases, the excavation must be filled with loose soils and compacted up to the level of the trench bottom.
The Contractor shall deposit or demolish carefully the floor surfaces, like their foundation, neither without shaking nor to degrade the areas that are neigh cutting through. The materials coming from these demolitions will be carefully moved outside. If the base is made of wet soils, showing presence of ground water, the Contractor is obliged, before the opening of the trench, to provide drains for the ground water, or evacuation by pumping, or by gravity flow according to necessity. The drainage system shall be explained in advance using sketches with dimensions.
[bookmark: _Toc223513612][bookmark: _Toc242861522]4.6.2 Timbering
Necessary propping will be established according to the code of practice and will be made of timber or metal elements of size suitable for the intended use. They will be carried out jointed if the nature of the ground or the duration of opening of the excavation requires it, and all precautions will be taken, if it is necessary, to prevent any landslide. It is strictly prohibited to leave the propping timber in the excavations. The Contractor will have to carry out his work eliminating any timber before proceeding to the back filling of the excavations.
[bookmark: _Toc223513613][bookmark: _Toc242861523][bookmark: _Toc401048383][bookmark: _Toc401115423][bookmark: _Toc401115747][bookmark: _Toc401117181][bookmark: _Toc401121069][bookmark: _Toc401127278]4.6.3 Drainage of the excavations 
[bookmark: _Toc401048384][bookmark: _Toc401115424][bookmark: _Toc401115748][bookmark: _Toc401117182][bookmark: _Toc401121070][bookmark: _Toc401127279]The Contractor is held to avoid the entry of surface waters coming from the roads into the trench. The removal of surface water from the trenches shall be the responsibility of the Contractor and shall not lead to any extra remuneration. No possible prolongation of the completion period will be authorized as a result of heavy rains except under circumstances beyond control.
The water collected in the trenches from the ground due to the water table, infiltrations, or any other source will be channelled to temporary sumps, from which the contractor shall remove it on his own expense.
The Contractor will be held to dig, clean and maintain these sumps, as well as the drains and all special installations leading water to the sumps. These drains and installations will have to ensure the complete draining of the excavations.
[bookmark: _Toc223513614][bookmark: _Toc242861524]4.6.4 Preparation of the trench bases
[bookmark: _Toc401048385][bookmark: _Toc401115425][bookmark: _Toc401115749][bookmark: _Toc401117183][bookmark: _Toc401121071][bookmark: _Toc401127280]Before the laying of the pipes, the base of the trench is to be prepared so that the pipes rest over their entire length on the ground without stones. At fitting, niches will be carried out. In case of rock or stones, the bottom will be covered with loose soil or sand.
Before any laying of pipes, the trench thus prepared will be checked by the Client who shall have been informed in advance. The Contractor shall keep on site all the equipment necessary for checking depth and the levelling of the trench bases.
[bookmark: _Toc223513615][bookmark: _Toc242861525]4.6.5 Laying of pipes
[bookmark: _Toc360596127][bookmark: _Toc360601163][bookmark: _Toc360606627][bookmark: _Toc360609040][bookmark: _Toc381159736][bookmark: _Toc401048386][bookmark: _Toc401115426][bookmark: _Toc401115750][bookmark: _Toc401117184][bookmark: _Toc401121072][bookmark: _Toc401127281]Before the execution, all the pipes, the special parts and fittings will have to be ready for use, carefully cleaned and purged of any foreign element. During the installation, all the precautions will be taken to avoid the entering of refuse or foreign body and not to damage the lower surface of the pipe.
The ends of laid pipes will have to be closed carefully with wooden plugs during the interruptions of work, in particular at the end of each working day.
External and interior protections which have been damaged during transport or by the cuts, are to be repaired before the installation.
The pipes, special parts and fittings must be lowered carefully in the trenches and the galleries where they must be laid without shocks, falling, etc.
The installation and the assembly of the conduits and the valves and fittings will have to be carried out by skilled workers.
The Client shall have full powers to request from the contractor the presentation of the profile of the layers. If the latter do not appear to him to provide sufficient guarantee, the Contractor shall have to replace these workmen immediately.
The pipes will be lowered in the trenches with adequate means to preserve the integrity of the structure as well as coating and will be laid out in their exact positions.
The locations of the special parts and the fittings shall be observed and approved by the Client. Each section of pipeline will have laid in as much as possible with whole pipes in order to reduce the number of joints to the minimum.
The Contractor will have the right to use cuts of pipes when the action is justified by the necessity of trench. In case of abuse of the works, the Contractor shall at his own expense repeat the poorly done works. Negligence of installation of washouts or air vents at their designed locations shall in no way be tolerated.
The Contractor shall have to bear all the necessary work accruing from that negligence, including the removal of pipeline already laid and the eventual replacement.
No section of pipeline should be laid horizontally.
The Contractor will have to bear upon himself all works done contrary, including the removal of the pipes already laid and their reinstallation.
In general, the minimal slope is fixed at 3%.
The bends, fittings and all pipe interlocks subjected to forces tending to separate apart the pipes or deform them will be provided with solid support masses built to resist the effects of operational forces and those which will be developed during the test.
The support blocks will be constructed in concrete classified as B.
The parts to be supported will be pressed on these solid masses, either directly, or via crutches.
They could also be connected to the solid masses in order to function like anchorage pillars, using saddles with screws or bolts for sealing. The solid support masses or anchorages as well as the devices of connection between the drains and these solid supports will be carried out by the Contractor, before tests, in accordance with calculations and plans of execution which will be submitted to the Client for Approval. The bodies of the “surface box” will be placed vertically. The heads will have to be maintained on the level of the ground without neither any projection nor arrow. They will be run in concrete slabs.
[bookmark: _Toc223513616][bookmark: _Toc242861526]4.6.6 Works of rehabilitation and repair of leakages 
[bookmark: _Toc401048387][bookmark: _Toc401115427][bookmark: _Toc401115751][bookmark: _Toc401117185][bookmark: _Toc401121073][bookmark: _Toc401127282]Work of rehabilitation is to be carried out with the greatest possible care. For work of replacement of the pipes, the following instructions are to be observed, except in case of alternative indicated by the Engineer:
* New pipe is to be laid beside existing pipe.
* The particular fittings to be rehabilitated by the Contractor are those on existing pipe.

During all the time of due water shortages, the Contractor is obliged to provide drinking water to the inhabitants concerned, by means of tankers on his expenses if this cut exceeds 24 hours. The Contractor is held to repair the leaks which were identified at the time of surveying for the possible leakages.
[bookmark: _Toc208631954][bookmark: _Toc223513617][bookmark: _Toc242861527][bookmark: _Toc401048388][bookmark: _Toc401115428][bookmark: _Toc401115752][bookmark: _Toc401117186][bookmark: _Toc401121074][bookmark: _Toc401127283]4.6.7 Backfill of the trenches, provisional and final re-establishment of the roadways
From the bottom and up to at least 10 cm above the pipes, the backfilling will be done with carefully cleaned loose gravel or hard and well rammed materials in layers of 0.20 m on the side and around the pipes. If the cleared material cannot be used, loose soil or sand will be brought. The remainder of the fill will be made with excavated material available in layers of 20 cm maximum, rammed and sprinkled if it is necessary. 
In the case of trench excavations in the roads and on request of the Client, the Contractor must carry out Proctor tests for each excavation, at least every 100 m, and at his own expenses.
Except in case of an alternative indication from the Client, the sockets and fittings of the pipes will not be filled before for the test of pressure.
The finished fill must have the same compactness as the ground before the opening of the trenches. Immediately after the backfilling of the trench, the Contractor will have to restore the roadway temporarily. In a general way, backfilled surfaces will have to be connected with close surfaces without projections or arrows. For the final re-establishment of the roadway, the Contractor will conform to the instructions given by the highways department.
The Contractor will ensure the maintenance of all the backfills and the surfaces thus restored throughout the whole guarantee period.
If for some reason, the Client requests the Contractor to backfill without compacting the embankment and to heap the surplus soil on the trenches filled, the embankment around the pipe up to 10 cm - above the general level must still be carried out with the same care as in the case of compacted trenches.
In this case, the surplus soil not utilized in the fill will be transported by the Contractor and disposed of at the cost of the Client.
[bookmark: _Toc208631955][bookmark: _Toc223513618][bookmark: _Toc242861528][bookmark: _Toc401048389][bookmark: _Toc401115429][bookmark: _Toc401115753][bookmark: _Toc401117187][bookmark: _Toc401121075][bookmark: _Toc401127284]4.6.8 Disinfection of the pipes and tanks
Before the startup, the totality of the pipes will have to be disinfected using calcium hypochlorite according to the following regulations:
Before disinfection, the pipes must be rinsed with a volume equal to three times that of the pipes at 0.75 to 1.50 m/s at least. The by-pass of the water meters must be open.
Disinfecting water must contain 30 grams of free chlorine for each m³ of water and must remain at least 24 hours in the pipes.
At the end of the time of disinfection, residual chlorine must appear with the colorimeter in the pipes. Otherwise, disinfection will be continued until obtaining valid results.
During the time of disinfection, the taps, tap valves, valves, fire posts, public water points, etc. will be handled several times.
After disinfection, the pipes will be rinsed with their double volume of water; the water of disinfection should be evacuated without risk for third parties.
In the event of risk of damage which can be caused to the users (existing networks, existence of fountains), the chlorine content can be reduced according to the Client’s Engineer’s instructions. The Contractor will not receive any compensation for the disinfection whose expenses are included / acknowledged in the price schedule concerning the installation.
The supply of water and the expenses of analysis are under the responsibility of the Contractor.
The same provisions are planned for disinfection of the tanks and water towers. The Contractor, on his own expense, shall provide before the starting of the installation, all the material necessary to ensure the operation of disinfection.
This material also includes provisional connections, points of injection and draining.
[bookmark: _Toc208631956][bookmark: _Toc223513619][bookmark: _Toc242861529][bookmark: _Toc401048390][bookmark: _Toc401115430][bookmark: _Toc401115754][bookmark: _Toc401117188][bookmark: _Toc401121076][bookmark: _Toc401127285]4.6.9 Laying of conduits above the ground
The laying of pipes, connections and taps along the walls in masonry or concrete will be carried out by means of saddles provided with arms which will be sealed in the wall. The saddles must be in position to provide for the removal of any part of the pipeline for maintenance without them being unsealed.
When the pipes are placed on a floor above the ground, they will rest on small cleats of masonry or of reinforced concrete which will maintain them elevated above ground.
[bookmark: _Toc208631957][bookmark: _Toc223513620][bookmark: _Toc242861530][bookmark: _Toc401048391][bookmark: _Toc401115431][bookmark: _Toc401115755][bookmark: _Toc401117189][bookmark: _Toc401121077][bookmark: _Toc401127286]4.6.10 Sealing
Sealing will be made using cement mortar. The walls of the hole will be washed at the time of the operation; the cement mortar will have the degree of fluidity necessary so that it fills all the voids perfectly.
[bookmark: _Toc223513621][bookmark: _Toc242861531]4.6.11 Particular precautions 
[bookmark: _Toc401048392][bookmark: _Toc401115432][bookmark: _Toc401115756][bookmark: _Toc401117190][bookmark: _Toc401121078][bookmark: _Toc401127287]All the metal parts (bolts, nuts, supports, consoles, saddles) and in particular those which will be in contact with water, will be protected from corrosion by a paint of hot affixed bituminous coating or any other matter suitable for protecting metal effectively.
[bookmark: _Toc223513622][bookmark: _Toc242861532]4.6.12 Traversing of Walls
[bookmark: _Toc401048393][bookmark: _Toc401115433][bookmark: _Toc401115757][bookmark: _Toc401117191][bookmark: _Toc401121079][bookmark: _Toc401127288]The metal sheaths are to be laid for the pipes which are to be engaged through a wall. The sheaths must allow the movements of the pipes due to water hammer effects without the forces being transmitted to the walls.
The sheaths installation at the time of the casting of the concrete will have to be strictly tight. The Contractor is required to submit the proposed wall crossings to approval by the Client’s Engineer.
[bookmark: _Toc223513623][bookmark: _Toc242861533]4.6.13 Traversing of walls for hydraulic installations 
[bookmark: _Toc401048394][bookmark: _Toc401115434][bookmark: _Toc401115758][bookmark: _Toc401117192][bookmark: _Toc401121080][bookmark: _Toc401127289]The watertight sleeves for wall crossing of hydraulic works will be provided with the flanges and wings of anchorage. They will be placed in the framework before the casting of the concrete. These elements will be subject to acceptance by the Client’s Engineer before the concreting.
[bookmark: _Toc223513624][bookmark: _Toc242861534][bookmark: _Toc134019222]4.7 Foundation trenches 
The foundations of the load-bearing walls (external and partitions) will be lowered to a minimum depth of 0.80 m, or beyond if the ground does not show good characteristics. When walls are based on a slope, the bottoms of the foundations will be stepped to prevent any risk of slipping.
The bottoms of the stepped foundations for the construction are levelled horizontally and are rammed. The rate of compaction on a depth of at least 0.50 m must be 95% "modified Proctor". If the excavations are lowered on a level lower than the level fixed by the Client, additional work, in earthwork as well as in foundation and masonry, etc. is the responsibility of the Contractor. The width of the excavation of the trench must obligatorily have, at least, the width of the blinding layer of concrete. The width of the excavations of construction for a depth exceeding one meter (1 m) must provide working spaces of 60 cm compared to external dimensions of the buildings to build.
The Contractor will set, in agreement with the Client in suitable time, the profiles according to the depth of the excavation and the nature of the ground. The use of a shoring will be remunerated only with prior agreement of the Client. In the absence of any contrary response from the Client, all the excavations will be considered to be carried out with an angle of slope of 45°.
It is strictly prohibited to return to trenches that are too low, and even their compaction. If the surface of the base suffered because of the Contractor, alterations that the Client considers likely to endanger the strength and good behaviour of works, the Contractor is required to execute the additional work that would result.
This provision aims in particular at the case of flooded trenches which will always be charged to the Contractor; this being due to the fact that the Contractor must provide drainage or pumping of stagnant water from the excavations, in case of flooding risk. Cases of excavation soils being infected or infested by insects will be proven by the Client, who will prescribe the measures to be taken to ensure the worthiness of the construction site if it is necessary, and the protection of future constructions (termites).
[bookmark: _Toc401048395][bookmark: _Toc401115435][bookmark: _Toc401115759][bookmark: _Toc401117193][bookmark: _Toc401121081][bookmark: _Toc401127290]At the time of the execution of the earthworks, the Contractor must make all provisions in order to avoid disorders of any nature. All the false works, such as shielding necessary to the execution of the earthworks, are the responsibility of the Contractor.
Before the beginning of the work on foundations, the bases of the excavations will be subjected to the approval of the Client or his representative. The backfill of the excavations up to the level of the original ground, after completion of the work on foundations will be made using the soils excavated from the same trenches.
These soils will have to be selected beforehand and must be free from undesired materials. The Contractor will have to carry out all the earthworks necessary for the establishment and the execution of the works.
The surplus soils coming from the excavations will be pushed back or levelled with the machines after approval by the Client or transported to disposal. Before any earthwork, the Contractor will clear the site of vegetable soils.
If it were necessary to use explosives for the extractions in rock ground, the Contractor should acquire himself all necessary authorizations and conform to all the regulations of the police authorities with this respect.
[bookmark: _Toc223513625][bookmark: _Toc242861535][bookmark: _Toc134019223]4.8 Backfill of the foundations trenches
[bookmark: _Toc401048396][bookmark: _Toc401115436][bookmark: _Toc401115760][bookmark: _Toc401117194][bookmark: _Toc401121082][bookmark: _Toc401127291]Backfilling of the excavations shall take place only after approval of the level of the works. Backfilling will be done in layers not exceeding 0.20 m thick, carefully rammed and if necessary sprinkled water to achieve optimal moisture content for the compaction. The layers should not be made of muddy elements, topsoils or organic matter.
[bookmark: _Toc223513626][bookmark: _Toc242861536][bookmark: _Toc134019224]4.9 Notes of calculations and drawings of the hydraulic works 
[bookmark: _Toc223513627][bookmark: _Toc242861537][bookmark: _Toc401048397][bookmark: _Toc401115437][bookmark: _Toc401115761][bookmark: _Toc401117195][bookmark: _Toc401121083][bookmark: _Toc401127292]4.9.1 Notes of calculations 
The Contractor is obliged to provide the Client with a typed note of calculation supplements of all the structural components, applying either the applicable standards or the rules of the BAEL 83.
The attention of the Contractor is drawn to the fact that the reinforced concrete for the water tanks must be waterproof without a hydraulic coating being applied. The note of calculation must take into consideration of this obligation.
However, the Contractor can propose other construction modes if the sealing and stability are guaranteed for a designed lifespan equal to that of the reinforced concrete. The construction joints to the concrete shall be made watertight using waterproof seals at the expense of the Contractor.
1) The coating of iron framework must be at least:
· 3 cm for ordinary works
· 4 cm for works in permanent contact with no aggressive water (not insulated covers, tanks, vats, roofs, works in a river, lake...)
· 5 cm for works in contact with aggressive water
As for the arithmetic checking of calculations, the allowable margin of error shall be +/- 3%. Otherwise, the Client can ask for a modification of the project.
2) All the notes of calculation shall also contain:
· ultimate stresses transmitted to each footing;
· nominal loads, dead or live loads, as well as the weight of the lower and higher finishes;
· minimum working compressive and tensile stresses of the concrete, and the maximum width of the cracks;
· characteristics and guaranteed yield stress of steel and, for each bent bar, the acceptable radius of curvature and the minimal diameter of the chuck of corresponding shaping.
[bookmark: _Toc401048398][bookmark: _Toc401115438][bookmark: _Toc401115762][bookmark: _Toc401117196][bookmark: _Toc401121084][bookmark: _Toc401127293]The Contractor is also obliged to verify static calculations and provide a proof to the Client for approval. 
The verification of the calculations can be replaced validly by a decennial guarantee for the works issued by insurance.
[bookmark: _Toc223513628][bookmark: _Toc242861538]4.9.2 Drawings
[bookmark: _Toc401048399][bookmark: _Toc401115439][bookmark: _Toc401115763][bookmark: _Toc401117197][bookmark: _Toc401121085][bookmark: _Toc401127294]The working drawings must define with accuracy and precision all geometrical shapes of the components of construction and all the details of the iron framework. They shall have to indicate the layout of all surfaces, all provision for sealing, all the openings, etc.
The drawings of framework will represent the various plans, sections and elevations in view (coated not included). They must comprise all the dimensions necessary. The heights and the thicknesses indicated will be those of unfinished surfaces.
The drawings of iron framework must indicate the grade of the steel, the lengths of each bar, the geometrical characteristics of the curves and the bends, the diameter of the chuck of shaping as well as the distances from the bars between them and to the walls.
The total steel weight according to various kinds is to be indicated. In addition, in the areas with a high concentration of the iron framework, the drawings will include a drawing of details, with dimensions and on a large scale representing without ambiguity the tangle of the bars.
[bookmark: _Toc223513629][bookmark: _Toc242861539][bookmark: _Toc134019225]4.10 Completion Conditions 
[bookmark: _Toc223513630][bookmark: _Toc242861540][bookmark: _Toc401048400][bookmark: _Toc401115440][bookmark: _Toc401115764][bookmark: _Toc401117198][bookmark: _Toc401121086][bookmark: _Toc401127295]4.10.1 Completion Conditions 
Before setting for execution, the Contractor shall define and justify the following:
· Conditions of setting up and stability of the framework, and its rigidity to the pressure due to the fresh concrete and its possible effect on the process of concreting;
· the handling of the concrete faces like its possible effect on the design and the treatment of the walls of the framework;
· the positioning of the iron framework in the shutters in relation to the edges of the framework;
· the process of the executions section by section successively as well as the justification of the strength and the stability of the structure in each successive phase of construction;
· [bookmark: _Toc360601180][bookmark: _Toc360606644][bookmark: _Toc360609057][bookmark: _Toc381159753][bookmark: _Toc401048401][bookmark: _Toc401115441][bookmark: _Toc401115765][bookmark: _Toc401117199][bookmark: _Toc401121087][bookmark: _Toc401127296]resumptions of concrete casting and its possible effect on the strength and the stability of the structure;
· conditions of settlement;
· provisional construction joints.
[bookmark: _Toc223513631][bookmark: _Toc242861541]4.10.2 Framework 
[bookmark: _Toc360601181][bookmark: _Toc360606645][bookmark: _Toc360609058][bookmark: _Toc381159754][bookmark: _Toc401048402][bookmark: _Toc401115442][bookmark: _Toc401115766][bookmark: _Toc401117200][bookmark: _Toc401121088][bookmark: _Toc401127297]The Contractor will choose the categories of plane framework and simple curve framework as clarified by the offer (ordinary framework, well treated, etc...).
In all cases, the framework will be suitably jointed. The sealing of the joints will be met by suitable approved means before the casting of the concrete. Surfaces of contact with the concrete should neither be projected nor warped.
In addition, the waterproofing system of the joints should not make projections on the interior surface of the framework.
The framework must be of sufficient rigidity to stand the earthworks and the adverse deformations due to various loads, surcharges and forces which can come into play during the execution of the works, and in particular the clamping forces and the vibration of the concrete. Arches and their props in the framework etc must be given with respect to the plan of the finished work.
The preparation of the framework is obligatory before any concreting; it will consist of:
· cleaning, possibly with compressed air;
· humidification to tighten the joints and to avoid the fast drying of the concrete on the walls;
· an oiling (not of acid oils) to facilitate the removing of the shutters.
[bookmark: _Toc223513632][bookmark: _Toc242861542]4.10.3 Dismantling of framework 
[bookmark: _Toc401048403][bookmark: _Toc401115443][bookmark: _Toc401115767][bookmark: _Toc401117201][bookmark: _Toc401121089][bookmark: _Toc401127298]The removal of framework will be carried out with precaution, without shocks and by purely static efforts.
The times of dismantling will depend on the growth of hardness of concrete.
The expansion and construction joints will be cleared of all the elements likely to oppose their operation.
When, however, some reinforcing steels are accidentally exposed at the time of the dismantling, it will be advisable, before finishing, to revisit the defective zone.
[bookmark: _Toc223513633][bookmark: _Toc242861543]4.10.4 Iron framework
[bookmark: _Toc401048404][bookmark: _Toc401115444][bookmark: _Toc401115768][bookmark: _Toc401117202][bookmark: _Toc401121090][bookmark: _Toc401127299]The Contractor can choose between the following categories:
* round bars;
* high adhesion bars.
Only diameters of 6, 8, 10, 12, 16, 20 and 25 mm can be used.
Except in the event of particular requirements by the Client, steels will not be subjected to reception in factory. On the other hand, all the control tests must be carried out after delivery on the construction site. These tests will have to be carried out on samples taken randomly and subjected to the LNTP. The expenses shall be met by the Contractor as contained in the pricing.
The bars will be cut and made in accordance with the working drawings. The minimal diameters of the bending blocks as well as speeds of bending must correspond to the standards quoted above.
Any unbending of steels other than the mild steels is prohibited.
Welding is not allowed for steels of yield stress lower than 350 N/mm2 and provided the welding does not decrease the strength and does not create a risk of brittleness.
The welding with the blowtorch is prohibited. Only specialist welders will be authorized to carry out the welding of the iron framework.
At the time of their installation, the iron framework will have to be clean and must not bear any traces of soil, paint, grease, or any other harmful matter.
They will be placed in accordance with the working drawing and will be fastened with precision by means of clamps made of mortar or plastic, so as not to undergo any appreciable displacement before and during casting and the vibration of the concrete.

[bookmark: _Toc223513634][bookmark: _Toc242861544][bookmark: _Toc134019226]4.11 Mixing and placement of concrete 
Before any mixing, the Contractor will submit to the Client the curves of particle size distribution of the aggregates which he intends to use and will give the fresh samples from the source as well as the test results from the laboratory.
The type of the mechanical concrete mixers and mode of vibration shall be submitted by the Contractor for the approval of the Client. The vibration of the framework is prohibited.
Before any beginning of execution, the Contractor will submit, for approval of the Client, the program of concreting of the various works and a plan of the casting.
The vertical or inclined walls of all the water works will be casted without stoppages. If after dismantling, the surface of the concrete on dismantling is not suitably fine, the Contractor will apply a plaster at his own expenses.
During the casting of the concrete, the Contractor shall keep on site the vibrators and the means necessary to replace the active machines in the event of any failure.
The client will be warned by the Contractor at least three working days in advance of the periods of casting. The manufacture of the concrete will be exclusively carried out with the concrete-mixer.
The consistency of the concrete will have to be able to be measured on the construction site constantly.
The depression measured with the slump test will not exceed 0.08 m and exceptionally 0.10 m if the concrete must go round a tight network with iron framework. The concrete will be protected against rapid drying and rains.
It will be maintained humidified by continuous and permanent watering during at least 72 hours after casting. After these 72 hours, during the 12 days which follow, the framework in contact with the concrete and the free concrete surfaces will be regularly sprinkled to constantly maintain them cured.
The detailing of iron framework and framework will be subjected to the approval of the Client before the casting of the concrete.
The framework will be simple and robust. It should stand without deformation the forces resulting from casting and ramming of the concrete. The sealing will be sufficient so that the excess water from the concrete takes cement.
The dismantling of the shutters will take place 15 (fifteen) days after the completion of the concreting and the authorization written by the Client.  This will cover only side surfaces of the works and the parts of concrete that work little under their actual weights and to which the surcharge will not be applied immediately.
If accidental occasions not provided on the drawings are proven necessary, they will in principle be made in a direction similar to those in the normal constraints of compression. If an interruption concrete surface led to a resumption of misguided, the concrete will be demolished so as to achieve a new surface properly oriented to the recovery.
If one must put freshly mixed concrete in contact with ready set concrete, it will be necessary to demolish the surface of the joint, clean it and prepare it well to receive the fresh concrete. This adjoining surface should be wetted over a long period of time and abundantly so, yet not to turn into a pond nor a stream, so that the old concrete is suitably humidified before being put in contact with the freshly mixed concrete.
Repair with the concretes
Any concrete repair requires the consent of the Client’s Engineer. The defects which may result from an accident at the time of casting, and which may appear after dismantling must be repaired.
This remark applies in particular to the bubbles, honeycombs, traces of resumption of framework, gravel nests and badly made edges, at the time of the dismantling.
[bookmark: _Toc223513635][bookmark: _Toc242861545][bookmark: _Toc134019227]4.12 Burnt bricks
[bookmark: _Toc223513636][bookmark: _Toc242861546]4.12.1 Burnt bricks
[bookmark: _Toc401048407][bookmark: _Toc401115447][bookmark: _Toc401115771][bookmark: _Toc401117205][bookmark: _Toc401121093][bookmark: _Toc401127302]Masonry works will be carried out according to the codes of practice. The cement mortar will be of class D.
The bricks will be laid and fixed with full bath of mortar. Non plastered surfaces will be jointed at the points with the scraping-knife according to necessity.
The smoothness of the faces, the straightness and the balance of the vertical joints must be perfect. The bricks will be suitably moistened before their laying.
A sample of bricks to be used will be given for prior acceptance to the Client’s Engineer.
[bookmark: _Toc223513637][bookmark: _Toc242861547]4.12.2 Concrete blocks and ventilators 
The blocks will be fixed with full bath of mortar; they will be executed at cross vertical joints (1 cm thickness). The mortar will be of class D.
Non-plastered surfaces will be rejoined with the scraping-knife according to necessity. The smoothness of the faces, the straightness and the balance of the vertical joints must be perfect. The notched blocks will be rejected. The blocks will be suitably humidified before laying. The voids of the concrete blocks adjacent to the confined blocks and from the corner will receive 2 irons bars of 14 mm in diameter whose cost forms part of the price of masonry.
[bookmark: _Toc223513638][bookmark: _Toc242861548][bookmark: _Toc134019228]4.13 Wire mesh
[bookmark: _Toc401048408][bookmark: _Toc401115448][bookmark: _Toc401115772][bookmark: _Toc401117206][bookmark: _Toc401121094][bookmark: _Toc401127303]The metal wire mesh will be galvanized steel wire of 3 mm and triple twisted. The drafts and son attachment will also be galvanized steel. The mesh will have between 80 and 100 mm. They will be filled with blocks larger than that of mesh, carefully arranged so that the gabions have horizontal and vertical sides.
[bookmark: _Toc223513639][bookmark: _Toc242861549][bookmark: _Toc134019229]4.14 Walls and partitions 
The wall thicknesses shown on the plans do not include plasters. The partitions are bonded with the walls in accordance with the ordinary tools of masonry. It is prohibited to leave groove in a wall awaiting insertion of a partition wall. 
When partition walls are to be bonded to concrete columns, they will be anchored by iron framework related to those of the column. The bars for anchorage will be placed at every two coarsest.
[bookmark: _Toc223513640][bookmark: _Toc242861550][bookmark: _Toc134019230][bookmark: _Toc401048409][bookmark: _Toc401115449][bookmark: _Toc401115773][bookmark: _Toc401117207][bookmark: _Toc401121095][bookmark: _Toc401127304][bookmark: _Hlk133873488]4.15 Lintels and ground beams 
On all openings will be provided concrete lintels of 0.20 m min in height, while on all bases of the external walls will be provided a ground beam, of 20 x 10 or 15 x 20 at least.   
The same shall apply to all the walls on the underside of the roof. 
[bookmark: _Toc223513641][bookmark: _Toc242861551][bookmark: _Toc134019231][bookmark: _Toc401048410][bookmark: _Toc401115450][bookmark: _Toc401115774][bookmark: _Toc401117208][bookmark: _Toc401121096][bookmark: _Toc401127305]4.16 Valve chambers and air vents (1.6*1.6*1.2m)
The raft foundation shall be made of reinforced concrete, thickness 15 cm, slightly reinforced with steel iron framework (diam 8 mm, D = 15 cm) and equipped with a percolation hole, on a layer of concrete blinding of thickness, e = 5 cm or of mortar D classifies.
The walls are in stone, the thickness is 20 cm up to 2.0 m of depth, beyond the thickness is 30 cm. They are not covered with plaster. The surfaces exposed to the ground are to be smeared with bitumen.
The cover slab is made of reinforced concrete, with a provision for accessibility into the chamber.
[bookmark: _Toc223513642][bookmark: _Toc242861552][bookmark: _Toc134019232][bookmark: _Toc401048411][bookmark: _Toc401115451][bookmark: _Toc401115775][bookmark: _Toc401117209][bookmark: _Toc401121097][bookmark: _Toc401127306]4.17 Construction of roofs 
Constructions of roofs are allowed following:
· Roofing in metallic or timber truss, covered by tiles of local fabrication.
· Roofing in metallic or timber truss, covered by corrugated or galvanised iron sheet. 
· It can also be roofed using aluminium roofing sheets. 
The minimal requirements of the roof inclinations are to be used. 
[bookmark: _Toc223513643][bookmark: _Toc242861553][bookmark: _Toc360601191][bookmark: _Toc360606655][bookmark: _Toc360609068][bookmark: _Toc381159764][bookmark: _Toc401048412][bookmark: _Toc401115452][bookmark: _Toc401115776][bookmark: _Toc401117210][bookmark: _Toc401121098][bookmark: _Toc401127307]4.17.1 Roof with locally made tiles. 
The locally fabricated tiles shall be of good quality and shall be subjected for approval by the Client’s Engineer before being used.
[bookmark: _Toc360601192][bookmark: _Toc360606656][bookmark: _Toc360609069][bookmark: _Toc381159765][bookmark: _Toc401048413][bookmark: _Toc401115453][bookmark: _Toc401115777][bookmark: _Toc401117211][bookmark: _Toc401121099][bookmark: _Toc401127308][bookmark: _Toc223513644][bookmark: _Toc242861554]4.17.2 Roof in embossed sheet iron and or corrugated galvanised sheets.
The thicknesses and galvanisation of the sheets shall be the best available on the local market. The roof truss must stand a load of 100 kg at the centre of the span between two supports.
Embossed sheets iron.
Only sheets without cracks or damages shall be accepted by the Client’s Engineer. Sheets with damages shall be eliminated from the site. 
The directions of the supplier shall be observed during placement of the roofing materials.
[bookmark: _Toc223513645][bookmark: _Toc242861555][bookmark: _Toc134019233]4.18 Ceilings
The ceilings shall be supported by joists disposed on small spans of struts fixed a similar way to aid in the assembly of the ceiling boards. The frame should prevent all bending of the ceiling.
In all cases, the timber planks of hardwood will be arranged in contact with the walls.
[bookmark: _Toc401048415][bookmark: _Toc401115455][bookmark: _Toc401115779][bookmark: _Toc401117213][bookmark: _Toc401121101][bookmark: _Toc401127310][bookmark: _Toc223513646][bookmark: _Toc242861556][bookmark: _Toc134019234]4.19 Soils
[bookmark: _Toc360601195][bookmark: _Toc360606659][bookmark: _Toc360609072][bookmark: _Toc381159768][bookmark: _Toc401048416][bookmark: _Toc401115456][bookmark: _Toc401115780][bookmark: _Toc401117214][bookmark: _Toc401121102][bookmark: _Toc401127311]For the execution of the concrete slabs on the level of the ground, a sand foundation or lateritic ground a 20 cm thickness will be set up and carefully compacted. Work includes the cutting, the shaping and the jointing.
[bookmark: _Toc223513647][bookmark: _Toc242861557]4.19.1 Guard house and toilet 
A layer of 10 cm thick concrete of class B.
A layer of tiles ‘Granite’ with a thickness of 30 mm, put on 10 mm mortar cement of class B. 
Alternatively:
A layer of concrete of 10 cm thickness.
Cement screed of 4 cm thickness.
Layer base of epoxy resins in two components (ARALDIT or equivalent).
[bookmark: _Toc223513648][bookmark: _Toc242861558][bookmark: _Toc360601196][bookmark: _Toc360606660][bookmark: _Toc360609073][bookmark: _Toc381159769][bookmark: _Toc401048417][bookmark: _Toc401115457][bookmark: _Toc401115781][bookmark: _Toc401117215][bookmark: _Toc401121103][bookmark: _Toc401127312]4.19.2 Store and workshop 
A layer of 10 cm thick of concrete class B, reinforced with steel (Ø 8 mm, d = 15 cm);
A layer of concrete slab 40 mm thick placed on 10 mm of cement mortar of class B. 
Alternative:
A layer of concrete of 10 cm;
A screed of cement of 4 cm;
A Layer base of epoxy resins in two components (ARALDIT or equivalent).
[bookmark: _Toc223513649][bookmark: _Toc242861559]4.19.3 External paving
· A layer in concrete of class B reinforced as before;
· A layer of slabs of 500/500/50 mm placed 20 mm of mortar of cement class B.
Before the laying, the slabs are bonded with a class B mortar, of size of joint 5 or 10 mm.
The interior slabs will be laid horizontally, open at a gradient of 0.5 % at least.  
Alternative:
· A layer of 30 cm of river sand on hard soil of well compacted ground;
· Exposed plinth of burnt bricks;
· Screed of cement of 4 cm;
· Finish with float in a mortar of 1:1.
The joints between the bricks are well filled with fin sand by brushing and watering. 
[bookmark: _Toc223513650][bookmark: _Toc242861560][bookmark: _Toc134019235][bookmark: _Toc401048419][bookmark: _Toc401115459][bookmark: _Toc401115783][bookmark: _Toc401117217][bookmark: _Toc401121105][bookmark: _Toc401127314]4.20 Truss, joinery, false ceilings 
The timber used for the trusses will be clean, and of relative water content not exceeding 18% (necessity for storage under shed).
The timber pieces shall receive a product of preservation. This treatment can be made out of chemicals effective against termites and ermines, also anti mycosis chemicals. 
The application will be made either by dipping or by broad brush, according to the instructions of the Client’s Engineer.
If required, the soaking in this protective product will take place under shelter in a tray whose length will be superior to the one of the pieces put in work. This tray will be provided with a device permitting the drainage of timber soaked in the best conditions. After their soaking, the timber plunks will undergo a time of drying so that the rate of humidity is brought around 18% of the dry weight. The timber be fireproofed.
All the activities of joinery will be executed in accordance with the rules of the art, with the angles perfectly joined, surfaces perfectly acceptable before any application of paints. Before laying, the joineries will be subjected to receipt of the Client’s Engineer.
The parts that are rejected shall be removed from the site and shortly replaced by new ones, meeting the required standards. All joineries shall be well protected.
The ceiling will be made out of plates of plywood 5 mm thick fixed on red timber.  
The frame should prevent any bending of the ceiling. 
In all cases, beading of hard wooden forming cornice will be laid out in contact of walls. Trap doors will have to be arranged in enough quantity to allow the visit of the roofs. Will be carried out to a logical squaring in order to obtain squares and the joints inter plates covered by laths in red wooden with varnish. In more of the joints to be covered, it will be laid out of the laths between plywood in order to obtain a logical result with joisting.

All wood used will have at least two years more, after demolition or, if there is impossibility, will be steamed. Woods which are very new will be refused.

[bookmark: _Toc401048420][bookmark: _Toc401115460][bookmark: _Toc401115784][bookmark: _Toc401117218][bookmark: _Toc401121106][bookmark: _Toc401127315][bookmark: _Toc223513651][bookmark: _Toc242861561][bookmark: _Toc134019236]4.21 Doors, Gates, Wickets
Outside doors will be made in steel or wood; inside doors will be made in plywood. All doors are raised on metal frame or in concrete. Slide gates of the buildings will be made in metal frames with wheels, the panel will be in steel.
For the wooden doors, their provenance and treatment are covered by articles 4.24 and 4.25. The dangerous building doors (dosage, storage of chlorine gas, etc.) will be equipped by security doors that can be opened from the inside, even if they are closed from the outside.
All gates and doors will be solidly framed and will present, in all sense, a maximum set of 5 mm. The inside and outside doors are equipped with safety locks of first quality barrel, fixed bolt and half turn delivered with two keys and double handles in copper chrome. In the case of station consisting of many buildings, a system organised into hierarchy will be provided with partial passes and a general pass.
[bookmark: _Toc401048421][bookmark: _Toc401115461][bookmark: _Toc401115785][bookmark: _Toc401117219][bookmark: _Toc401121107][bookmark: _Toc401127316][bookmark: _Toc223513652][bookmark: _Toc242861562][bookmark: _Toc134019237]4.22 Pane windows and ventilation blocks
The outside pane windows will be in horizontal orientation blade, type Naco or similar. They will include a sill with crenel and water rejection. The chassis will be in anodized aluminium. The frame will be in metallic.
The ventilation blocks will be constructed according to the instructions of mortar engineering Class B, proper form removal in metallic moulds.
The outside ventilation blocks and outside windows will be installed the stainless screen grilles raised on removable wooden frames and fixed in the wall by pins and brass screws.
[bookmark: _Toc401048422][bookmark: _Toc401115462][bookmark: _Toc401115786][bookmark: _Toc401117220][bookmark: _Toc401121108][bookmark: _Toc401127317][bookmark: _Toc223513653][bookmark: _Toc242861563][bookmark: _Toc134019238]4.23 Locksmithing, Ironworks, hardware
All works of Locksmithing and Ironworks will be completed very carefully. The irons will be cut and adjusted without hocks or breaks. The angles assembling will be carefully adjusted. Welds shall not contain any creek nor projections. The sealing legs will be long enough to ensure a perfect fixing.
All iron works will be delivered on site with the anti-corrosion first coat. Their final paint is applied after a setting with a colour approved by the Client’s Engineer. The zinc parts will present a minimal coat of 500 g of zinc per square meter.
The hardware will be the first quality. A sample will be subject by the Client’s Engineer’s approval. It must be submitted at least 20 days before the beginning of ironwork.
Before the installation, they will be carefully greased or oiled. The necessary practiced notches in carpentry will have the envisaged dimensions of the closure for not affecting the wood strength and will receive at least a paint coat before installation.
[bookmark: _Toc319920182][bookmark: _Toc319923276][bookmark: _Toc379617616][bookmark: _Toc400947461][bookmark: _Toc400962220][bookmark: _Toc401026165][bookmark: _Toc401048423][bookmark: _Toc401115463][bookmark: _Toc401115787][bookmark: _Toc401117221][bookmark: _Toc401121109][bookmark: _Toc401127318][bookmark: _Toc223513654][bookmark: _Toc242861564][bookmark: _Toc134019239]4.24 Coating and screeds
Some masonry in raising will receive a coating of 2 cm thickness in mortar class D for inside, and class C for outside.
The masonry coatings will be completed in two coats, the last dressed to the slider and floated will present the surfaces which are perfectly smooth. They should be protected from the sun and strong wind and regularly watered so that they can harden before drying. The coatings will be completed after installation and the woodwork adjustment, fixed bed, conduits sealing or material, etc.
The coating surfaces must perfectly be set. An installed slider of 4.00 m should not reveal sensitive hollow in any one direction.
The coatings are perfectly adherent and do not sound hollow to a hammer choc.
All coated foundation, in contact with wetlands, will receive a waterproof coating, type PLASTRAN or similar applied in two coats, in additional coated in a bituminous paint. This provision is included in the price of the contractor. The non coated bottom of tiling will receive cement mortar Class B with a minimum thickness of 2 cm after hardening; will present a slope according to the indications of the Project Manager.

[bookmark: _Toc223513655][bookmark: _Toc242861565][bookmark: _Toc134019240][bookmark: _Toc319920190][bookmark: _Toc319923284][bookmark: _Toc379617623][bookmark: _Toc400947468][bookmark: _Toc400962227][bookmark: _Toc401026172][bookmark: _Toc401048424][bookmark: _Toc401115464][bookmark: _Toc401115788][bookmark: _Toc401117222][bookmark: _Toc401121110][bookmark: _Toc401127319]4.25 Painting and corrosion protection 
The paint works will be completed through the products designated by their mark, according to the manufacturer's instructions which might be specified in the instructions and labels.
The tints, paints qualities and whitewash on samples will always be submitted by the approval of the Project Manager before all completion works. The Contractor will provide a well-done work. He cannot take advantage of the descriptions detailed about the necessary number of coats, being known that walls and painting accessories will be fully covered by thin layer rounded to the paint brush.
The paintings completion will always include materials dusting and the resumption of surface defectiveness. The corrosion removal, grease removal will be completed in accordance with technical prescriptions.
The successive painting will perfectly cover the surfaces to be painted and be perfectly smooth and not showing any trace of paint brush. Each layer must be removed from all dust and any kind residue and sanded if necessary. It will not be tolerated any trace of clash, épaufrure, shadow, nor a finish defect.
[bookmark: _Toc401048425][bookmark: _Toc401115465][bookmark: _Toc401115789][bookmark: _Toc401117223][bookmark: _Toc401121111][bookmark: _Toc401127320][bookmark: _Toc223513656][bookmark: _Toc242861566]4.25.1 Inside paint on coating and concrete surfaces
Inside surfaces in coating of cement, concrete will be done painting based acrylic copolymer dispersion. The quality will be anti-damp, not flammable, insaponifiable and in micro-porous film. The layers number will be minimum two, and if necessary, up to full recovering.
[bookmark: _Toc401048426][bookmark: _Toc401115466][bookmark: _Toc401115790][bookmark: _Toc401117224][bookmark: _Toc401121112][bookmark: _Toc401127321][bookmark: _Toc223513657][bookmark: _Toc242861567]4.25.2 Outside paint on coating and concrete surfaces
It will be applied acrylic paint mat based on pliolite, a painting based on acrylic copolymer in solution allowing a well adhesion on smooth funds, water resistance and insaponifiable. The film must be micro porous and tints must be done with a minimum tenor of 22-25% of pigment from the best qualities for a good fixing to the light. The layers number will be minimum two and if necessary, up to full recovering.
[bookmark: _Toc401048427][bookmark: _Toc401115467][bookmark: _Toc401115791][bookmark: _Toc401117225][bookmark: _Toc401121113][bookmark: _Toc401127322][bookmark: _Toc223513658][bookmark: _Toc242861568]4.25.3 Painting and wood varnish
On all wood carpentry, two paint layers based on a synthetic resin on undercoat will be applied. The undercoat will comprise minimum 60% of linseed oil, applied in two passes: the first one to the delivery and the second one after installation.
For wood varnishing, paints or varnishes which don’t contain free siccative oil, the following will be used:
· paint or varnishes based on synthetic resins, such as vinyl paints, it is dissolved vinyl resins in a solvent and not resins emulsions in water used inside or polyurethane varnish.
Vinyl paint or polyurethane varnishes can be used for the undercoat. They are concerning wood and isolate, also it becomes possible to apply the finishing coat after applying the undercoat.
[bookmark: _Toc223513659][bookmark: _Toc242861569][bookmark: _Toc401048428][bookmark: _Toc401115468][bookmark: _Toc401115792][bookmark: _Toc401117226][bookmark: _Toc401121114][bookmark: _Toc401127323]4.25.4 Painting on metallic parts 
All metallic parts and ironwork will be coated by paintings in the following:
1) After white sanding according to Swedish standards SA, a primary mono component of high content of zinc dust based on epoxy-polyamide resin, of two components: zinc phosphate and iron oxide. Thickness: two layers of 40 to 50 micron.
2) An anti-corrosion intermediary - compatible - oleoglycerophtalic based on basic silicochromate of lead. Thickness: a layer of 40 to 50 microns or two layers each 25 microns.
3) Oil based finishing of high viscosity based on basic silicochromate of lead. Two layers thickness with recoverable interval of 48 hours each from 70 to 80 microns. In the aggressive medium, the quoted intermediary in b) will be validly accepted for primary and intermediate layer or two layers of 40 to 50 microns or four layers of 25 microns each.
The total thickness will be of minimum 240-250 microns for the painting layers assembly.
The inside steel conduits, iron work and metallic parts in contact with drinking water will be coated by paint as follows:
a) After white sanding according to Swedish standards. A S., a modified primary epoxy coating of high viscosity of two resistant components to aggressive medium. Thickness: two layers of 75 to 80 microns each or 1 layer of 150 microns
b) Epoxy polyamide finishing of two components of supply quality. Thickness: two layers of 45-50 microns or 1 layer of 100-105 micron.
total: a) and b) = minimum of 240-250 microns.
[bookmark: _Toc401048429][bookmark: _Toc401115469][bookmark: _Toc401115793][bookmark: _Toc401117227][bookmark: _Toc401121115][bookmark: _Toc401127324][bookmark: _Toc223513660][bookmark: _Toc242861570]4.25.5 Galvanization of metallic parts
The steel parts to be galvanized will be hot galvanized by immersion in molten zinc. The tubes coating should be homogenous and regular crystallization in general.
The minimum masses of zinc per square meter are:
· thickness Steel up to 3 mm:	350 g/m2 (49 microns)
· thickness Steel up to 5 mm:	400 g/m2 (59 microns)
· high thickness steel:	450 g/m2 (63 microns)
· bolts and nuts :	300 g/m2 (42 microns)
· moulded castings:		450 g/m2 (63 microns)
[bookmark: _Toc319920194][bookmark: _Toc319923288][bookmark: _Toc379617627][bookmark: _Toc400947472][bookmark: _Toc400962231][bookmark: _Toc401026176][bookmark: _Toc401048430][bookmark: _Toc401115470][bookmark: _Toc401115794][bookmark: _Toc401117228][bookmark: _Toc401121116][bookmark: _Toc401127325][bookmark: _Toc223513661][bookmark: _Toc242861571][bookmark: _Toc134019241]4.26 Identification and material list
Any mechanical, electromechanical and control equipment, piping and taps in the processing station must be identified by using indicating booklets with the designation and / or numbering.
This identification should be resumed on wall synoptic table which will present all system diagrams in matter. The table must be non-corrosive material and the equipment representation will be conducted by using different symbols and colours.
In addition, the finishing paint of the equipment and piping must allow to distinguish the individual elements, their function and the reversal media.
The identification test assembly and the material list must be approved by the Project Manager.











[bookmark: _Toc401115471][bookmark: _Toc401115795][bookmark: _Toc401117229][bookmark: _Toc401121117][bookmark: _Toc401127326][bookmark: _Toc223513662][bookmark: _Toc242861572][bookmark: _Toc134019242]5. ATTACHMENTS
The indicated quantities in the preliminary estimate (based on unit prices) are approximate and they cannot be considered as representing the real and exact amount of work to be completed.
It is the Client’s Engineer and the Contractor’s representatives who must verify and take completed quantities attachments under the market.
The Contractor shall provide all necessary assistance to the Client’s Engineer or to his representative and shall provide all requested information.
If the Contractor or his representative neglects to attend operations, the approved attachments by the Client’s Engineer will be considered as valid.
If attachments should be established from plans or other documents, the Client’s Engineer would prepare month per month the necessary elements and would invite the Contractor, by giving him a deadline of fourteen (14) days, to read and to sign them for acceptance. By the Contractor’s fault to get to this invitation, plans and documents prepared by the Client’s Engineer or his representative will be considered as valid.
It would be the same if the Contractor contested the exactitude or refused to sign them and neglected in addition to send an explicative report on dispute points, within 14 days, to the Client’s Engineer or through his Representative.


[bookmark: _Toc223513663][bookmark: _Toc242861573][bookmark: _Toc134019243][bookmark: _Toc401115472][bookmark: _Toc401115796][bookmark: _Toc401117230][bookmark: _Toc401121118][bookmark: _Toc401127327][bookmark: _Hlk133872731]6. RECEPTION FOR PARTIAL AND GENERAL TESTS 
[bookmark: _Toc379617629][bookmark: _Toc400947474][bookmark: _Toc400962233][bookmark: _Toc401026178][bookmark: _Toc401048432][bookmark: _Toc401115473][bookmark: _Toc401115797][bookmark: _Toc401117231][bookmark: _Toc401121119][bookmark: _Toc401127328][bookmark: _Toc223513664][bookmark: _Toc242861574][bookmark: _Toc134019244][bookmark: _Toc319920196][bookmark: _Toc319923290]6.1 Control and reception of electro mechanic apparatuses; pipes and accessories
[bookmark: _Toc360606722][bookmark: _Toc360609135][bookmark: _Toc381159831][bookmark: _Toc401115474][bookmark: _Toc401115798][bookmark: _Toc401117232][bookmark: _Toc401121120][bookmark: _Toc401127329][bookmark: _Toc223513665][bookmark: _Toc242861575]6.1.1 Control done by the Project Manager.
In order to verify the following aspects: good quality of material during manufacturing, work quality, perfect operation of manoeuvre apparatuses, equipment operation and their correspondence with data prescriptions, the Project Manager will have any authority of work surveillance in the industry by his representatives and he will submit the material and piping for all tests which he will find necessary in accordance with the stipulations of Article 2 of these  present clauses.
From this objective, the Contractor will indicate the manufacturing place of pipes, accessories and electromechanical apparatuses in the months which follow the notification of the market.
The Client’s Engineer or his representative will have free access to the workshops and will verify whether the manufacturing prescriptions are respected. The Contractor will facilitate the control and the reception of supplies and equipment and, if the case arises, will place at the disposal of the Client’s Engineer in charge of laboratory control and of its equipment. The Contractor will include in the supply the price of the return trip, covering the expenses of a one-month stay of the Client’s Engineer and one representative of the Project Manager, also covering the transport to the manufacturing industry.
[bookmark: _Toc223513666][bookmark: _Toc242861576][bookmark: _Toc360606723][bookmark: _Toc360609136][bookmark: _Toc381159832][bookmark: _Toc401115475][bookmark: _Toc401115799][bookmark: _Toc401117233][bookmark: _Toc401121121][bookmark: _Toc401127330]6.1.2 General Information on reception 
Pipes, special parts and apparatuses will be verified once they are manufactured, except for the tarring of iron piping, which will be only checked in its aspect. 
The Contractor in his places, the manufacturer must provide fees at his means and the required manpower for these tests. 
The quality of the materials used will be controlled by the Project Manager or his representative whenever he needs to, through mechanical, technological and practical tests. In case of default, two tests will be done and if one is negative, the material will definitively be refused.
Pipes and apparatuses will be submitted to the industry of hydraulic pressure, in accordance with the manufacturer’s standards, for enough time to verify carefully whether the different parts have lesions, ruptures or sweating beyond the tolerance limits permitted for each type of pipe.
The pressure test may be repeated in the contractor’s fees, on any number of parts, even on all parts if necessary.
The parts whose dimensions are different from those established in the tolerance limits will be refused.
The refused parts must be destroyed or at least be kept until the end of the delivery of all supply with prior marking of refusal.
The material controller, while loading it on wagons or ship, will have the right to refuse any defective material which will have escaped the previous checks. 
The Contractor will remain responsible until the delivery of all pipes, accessories and meters, even those approved by the Project Manager after reception tests. He is committed to change ats his own expense all the parts which in practice will not fulfil the conditions of these tests.
The test and reception minutes in the industry and the guarantee certificate will be provided by the Contractor to the Project Manager once they are in his possession and, in any cases, before loading.
No loading is allowed without authorization given in writing by the Project Manager or his representative.
[bookmark: _Toc360606724][bookmark: _Toc360609137][bookmark: _Toc381159833][bookmark: _Toc401115476][bookmark: _Toc401115800][bookmark: _Toc401117234][bookmark: _Toc401121122][bookmark: _Toc401127331][bookmark: _Toc223513667][bookmark: _Toc242861577] 6.1.3 Receptions Mode of supplies
0. [bookmark: _Toc355150835][bookmark: _Toc355512336][bookmark: _Toc360596224][bookmark: _Toc360601262][bookmark: _Toc360606726][bookmark: _Toc360609139][bookmark: _Toc381159835][bookmark: _Toc401115478][bookmark: _Toc401115802][bookmark: _Toc401117236][bookmark: _Toc401121124][bookmark: _Toc401127333]Reception of steel pipes.

Checks will be identical to those for iron pipes. In addition, thickness measures of epoxy type coatings will be done by the supplier in the presence of the Project Manager. In doubt, a randomly taken sample taken by hazard will be sent to a control laboratory.
 In addition, the resistance tests of external coating will be made using a brush.
In all cases of tubes manufacturing and if there is any doubt about the quality of supplies’ conformity, the Project Manager reserves the right to have tests done by a specialized laboratory of his choice at the expense of the Contractor.
0. [bookmark: _Toc355150836][bookmark: _Toc355512337][bookmark: _Toc360596225][bookmark: _Toc360601263][bookmark: _Toc360606727][bookmark: _Toc360609140][bookmark: _Toc381159836][bookmark: _Toc401115479][bookmark: _Toc401115803][bookmark: _Toc401117237][bookmark: _Toc401121125][bookmark: _Toc401127334]Reception of PVC pipes.
The industry will receive at least 80% of the contract production. The Project Manager will check the thickness and the general condition of tubes at least on a sample of 1% of the order - consisting of many ranges of production. About 90% of the tubes must respond the CPT stipulations otherwise the supplies will be refused.
The Supplier will pursue the following tests at least on 10 tubes selected randomly per diameter:
Flaring test
The tube will be submitted for a flaring test and will support at least a flare of 30% of the nominal diameter.
Pull test
A test tube to be cut on the tubes to be tested will be submitted for a pull test. The elongation at rupture must be 100% at least. 
 Pressure test in 'trench' 
The tube will support without damage, a pressure of 1.5 times the nominal pressure or 15 bars in 30 minutes.
Burst test
The tube will be submitted for a burst test buy increasing progressively the pressure until the burst (tear).
The burst pressure must be 5 times higher than the nominal pressure, or 50 bars.
0. [bookmark: _Toc355150837][bookmark: _Toc355512338][bookmark: _Toc360596226][bookmark: _Toc360601264][bookmark: _Toc360606728][bookmark: _Toc360609141][bookmark: _Toc381159837][bookmark: _Toc401115480][bookmark: _Toc401115804][bookmark: _Toc401117238][bookmark: _Toc401121126][bookmark: _Toc401127335]Reception of HDEP pipes
The Project Manager will control the tubes thickness on a sample representing the supplies and including at least two tubes of each series, with a minimum of 10 tubes and a maximum of 25 tubes.
90% of the tubes must be in conformity with CPT prescriptions. 
The manufacturer will make available calliper and other control material.
· Pressure test in ‘trench’ 
A set of tubes or sections of tubes, beforehand assembled with materials and following the dispositions adopted by the Contractor, will be submitted to a test of 1.5 times the nominal pressure, in 30 minutes. 
The assembly should remain strictly watertight and the tubes must not encounter any damage.
· Burst test 
A burst should intervenes only for a pressure higher than 5 times the nominal pressure.
0. [bookmark: _Toc355150838][bookmark: _Toc355512339][bookmark: _Toc360596227][bookmark: _Toc360601265][bookmark: _Toc360606729][bookmark: _Toc360609142][bookmark: _Toc381159838][bookmark: _Toc401115481][bookmark: _Toc401115805][bookmark: _Toc401117239][bookmark: _Toc401121127][bookmark: _Toc401127336]Reception in factory of valves and gates valves
The Supplier will submit to the receiving clerk the test and control certificates done by the approved national organism.
Then a valve will be taken randomly from each batch of diameter or different pressure and this valve will be submitted in the presence of receiving clerk to the leakage test, the pressure test (closed valve) and the mechanical strength, opened valve.
The results should be satisfactory to 95%.
A sight test will be done to verify the finishing quality (flanges, application of protection products, etc.).
The valves which are equipped with reducers will be opened and empty closed in the presence of the receiving clerk.
0. [bookmark: _Toc355150839][bookmark: _Toc355512340][bookmark: _Toc360596228][bookmark: _Toc360601266][bookmark: _Toc360606730][bookmark: _Toc360609143][bookmark: _Toc381159839][bookmark: _Toc401115482][bookmark: _Toc401115806][bookmark: _Toc401117240][bookmark: _Toc401121128][bookmark: _Toc401127337]Reception in factory of meters
The Contractor will submit to the receiving clerk the standardization certificates. 
The reception mode will be the one taken above (article 2.14.6) concerning the supplies.

0. [bookmark: _Toc401115483][bookmark: _Toc401115807][bookmark: _Toc401117241][bookmark: _Toc401121129][bookmark: _Toc401127338]Reception in factory of pumps
a) Test standard
All pumps will be checked and tested with electric motors which are associated on the bench test of the pumps manufacturer in the presence of the Client’s Engineer or the Engineer-Advisor.
 
Except contrary mention, the test will be done according to the procedure and the exactitude degree which are determined in ISO 3555 (Class B).
b) Characteristic curve of pumps
The pump test will be done on six measured points of which one or more will constitute the main points of operation. 
These points are the following:
1) Q = 0,	zero flow against closed valve
2) Q = 20%	of nominal flow
3) Q = 30%	of nominal flow
4) Q = 50%	of nominal flow
5) Q = 100%	of nominal flow
6) Q = 130%	of nominal flow
These measured points will be properly selected so that they can be linked between them and they can allow the establishment of characteristic curves height / flow / return / flow and the power which is absorbed by the pump. Except contrary mention, the net total head (NPSH) of the pump will be checked on the main points of operation.
c) Control
The control will aim to check the dimension and correct conception of pumps and motors, the correct materials for pumps, painting for machines and, if the case arises, parts which are ordered with pumps as well as all other described requirement in the specification, such as electric motors protection against humidity by band heater to the stop of the latter ones, thermostat protection, etc. The supplier will ensure that all parts and all materials can be controlled. If necessary, the pumps must be able to be dismantled so that the correct materialscomponents can be checked.
The control will also include checking the appropriate packing and correct marking of parts, openwork boxes, boxes, etc., as described in the contract or according to the instructions given by the Client’s Engineer.
d) Additional requirements
Other requirements of ISO 3555 (Class B) for the main points of operation, the aspect of the characteristic curve height/flow must be as the reversal and the raised flows on the measured points do not draw aside more than some % of the mentioned values to the data sheets of the present market, meaning that if the deviation factors for flow are Xqv = + 0.02 and for the reversal Xh = + 0.02 on main point (100%) of operation, will not exceed + 0.04 for the flow and + 0.03 for the reversal of other measured points, if they are compared with the published characteristic curve of the pump which must be added to the offer, together with the data sheets, brochure, cutaway view and the parts list. The evaluation of measured points will be done according to the stipulated procedure in ISO 3555. The return to the guaranteed operating points will be at least 0.972 of the specified return, as indicated in the standards.
e) Nominal power of electric motors
For the use of single stage centrifugal pumps/Submersible Pump and multistage centrifugal pumps of radial propeller wheel or mixed of ordinary type of nominal power of electric motors which is obtained in the working conditions, must remain in the safety margins which are indicated below to the main points of operation (safety factor A) and to the points of absorbed maximal power (safety factor B). Both conditions (safety factors A and B) must be fulfilled. 
Except contrary specification in the tender specifications, the safety factors will be as follows:

	Dimensions of electric motor 
	Safety factor A
	Safety factor B

	< 1.1 kW
	50 %
	40 %

	> 1.1   to   < 7.5 kW
	30 %
	25 %

	> 7.5   to < 37 kW
	25 %
	20 %

	> 37    to   < 132 kW
	20 %
	15 %



In case the dimensioned motor based on the described above reserves reaches the electric pump groups which cannot enter in the existing wells, the most powerful engine which is suitable for the diameter of the well will be supplied. The Contractor should always ensure the correct installation of the equipment.
f) Satisfactory operating of the installation
Particular attention should be paid to the characteristic curve height/flow and the characteristic net total head (NPSH) to prevent dangerous cavitation. The Contractor will take into account the data and drawings for the TD and for the present article for the pumps order; he must submit those documents to the pumps manufacturer, including data sheets and copy of the test sheet.
All measured curves registered during the tests will be collected and presented to the Project Manager.

g) Control and fruitless test 
In case where the first control and / or the first tests series will be fruitless, they will be repeated after an agreed period and in charge of the Contractor. If the pumps flow is still wanted, the project manager has the right to refuse the supply in its totality or in its part.

h) Costs
The Contractor will include in his price all test and control cost.
0. [bookmark: _Toc355150841][bookmark: _Toc355512342][bookmark: _Toc360596230][bookmark: _Toc360601268][bookmark: _Toc360606732][bookmark: _Toc360609145][bookmark: _Toc381159841][bookmark: _Toc401115484][bookmark: _Toc401115808][bookmark: _Toc401117242][bookmark: _Toc401121130][bookmark: _Toc401127339]Control of electric boards of pumps and auxiliaries

· Checks, completion, and sheet metal working protection,
· Check of apparatuses calibres and conformity with tripolar diagram provided by the Supplier based on GTC,
· Check of circuit and ground values,
· Charging – insulations check to 2 V + 1.000 V,
· Fictitious operating in charge – releases check to overloading and to S/C (short-circuit),
· Operating control of orders and auxiliaries,
· Complete cabling plan (Under plastic) in the board. labels marks in front opposite,
Check of package mode based on transport.
[bookmark: _Toc223513668][bookmark: _Toc242861578][bookmark: _Toc319920199][bookmark: _Toc319923293][bookmark: _Toc379617632][bookmark: _Toc400947477][bookmark: _Toc400962236][bookmark: _Toc401026181][bookmark: _Toc401048435][bookmark: _Toc401115485][bookmark: _Toc401115809][bookmark: _Toc401117243][bookmark: _Toc401121131][bookmark: _Toc401127340][bookmark: _Toc207594931]6.1.4 Permission and Loading 
[bookmark: _Toc401115486][bookmark: _Toc401115810][bookmark: _Toc401117244][bookmark: _Toc401121132][bookmark: _Toc401127341]Packaging and material loading are not possible without loading permission. While loading on wagons or ships, a Controller of material will have the right to refuse all defective materials which have escaped the previous checks.
The contractor will remain responsible for all conduits and electromechanical apparatus, including those of order and measurement, even for those which have been approved by the Project Manager after reception test. He will commit himself to change completely all parts at his own expense, which in practice will not comply with these same tests.
Test and reception minutes as well as the conformity certificate and those for guarantee must be provided by the Contractor to the Project Manager when they will be in his possession and in all cases, before loading.
[bookmark: _Toc223513669][bookmark: _Toc242861579]6.1.5 Packaging, marking.
All electromechanical, electric, hydraulic and hydromechanics equipment, as well as all small material must be kept in a package which protects them from theft and all damage during shipping, air, road, or rail transport.  The supplies’ packaging becomes the Client’s property.
Pipes of small diameter will be transported in bundles with the protection to the ends against impact; pipes of different diameter can be telescoped. Big pipes will be individually transported.
During transportation, all necessary precautions must be taken to avoid damages (straw cases between pipes, suitable equipment of handling and cleaning).
Each package must have a mark designating the Project Manager and the destination (name and/or project location) or any additional mark proposed by the Client.
[bookmark: _Toc223513670][bookmark: _Toc242861580][bookmark: _Toc134019245][bookmark: _Toc401115487][bookmark: _Toc401115811][bookmark: _Toc401117245][bookmark: _Toc401121133][bookmark: _Toc401127342][bookmark: _Toc401115488][bookmark: _Toc401115812][bookmark: _Toc401117246][bookmark: _Toc401121134][bookmark: _Toc401127343]6.2 Control and site test 
[bookmark: _Toc223513671][bookmark: _Toc242861581][bookmark: _Toc360606736][bookmark: _Toc360609149][bookmark: _Toc381159845][bookmark: _Toc401115489][bookmark: _Toc401115813][bookmark: _Toc401117247][bookmark: _Toc401121135][bookmark: _Toc401127344]6.2.1 Pressure test of the conduits
0. Partial tests
Tests will be done open valve. No way that the valve apparatus will not be submitted to the tests. They will be removed and replaced by blank flanges.
The maximum length to be tested as to the progress of works must not be higher than 500 m except the dispensation brought by the Project Manager.
Tests will be contradictory between the Project Manager and the Contractor with valve in place.
Each test will be the concern of contradictory minute.
The Contractor will be responsible for the supply of the necessary water to the completion of prescribed tests, as well as all necessary material (fittings, valves, air-vents, manometer, pump test, etc.).
Conduit will be progressively filled with water, avoiding water hammers due to the quick filling and ensuring a correct purge of air of canalization.
The hydraulic pump will be set up at the lower end of the section.

Filling values not to exceed

	Nominal diameters 
(mm)
	flow Q
(l/s)
	Nominal diameters 
 (mm)
	flow Q
(l/s)
	Nominal diameters 
 (mm)
	flow Q
(l/s)

	100
	0.30
	200
	1.50
	300
	3.00

	150
	0.70
	250
	2.00
	400
	6.00



The pressure tests PT will be fixed based on nominal pressure NP or based on maximal operating pressure during exploitation PS. 
Remark:	the operating pressure is the one mentioned for added exploitation of water hammer.
·  Reversal conduits				PE's = PS + 5 bar
· Distribution conduits			PE's = PN + 5 bar
· Linking conduits per gravity		PE's = PS + 2 bar
· Aspiration conduits				PE's = 5 bar
For the plastic conduits (PVC, TP, etc.), Nominal pressure to take into account will be reduced according to water temperature, in the case that this one is higher than 20 °C.
 
After progressively increasing (not more than a bar per minute) the test pressure, this must be kept constant. Water consumption for each pressure increasing of one bar will be noted.
The Contractor will conduct the preliminary test so that he can detect and remove air which possibly remains in the conduit.

For the conduits which are cemented inside, the preliminary test must last 24hours to the nominal pressure to ensure water conduit saturation. for PVC and HDEP conduits, the preliminary test must last 12 hours to the test pressure to consider the dilatation of conduits caused by material characteristics.
In addition, pipes temperature must be the same at the beginning and at the end of the test.
                                          Duration test
	CONDUITS
	DN 150
	DN 200
	DN 400
	DN 700
	DN 800

	CI or STEEL, with inside protection of the cement mortar 
	3h
	3h
	6h
	18h
	24h

	PVC or PEhd
	3h
	3h
	6h
	--
	--



At the end, the pressure drop should not exceed 0.15 bars for PVC pipes or FD / steel PN > 16. The allowable pressure drop is 0.1 bars for pipes FD / PN10 steel and 0.15 bars for pipes FD / steel PN16.
Otherwise, the test will not be considered, and the Contractor shall make his own research to determine if there are one or more leaks, late setting up or air pockets.
The test will be repeated after removal of found defects.
The manometers to use must be well calibrated and should be graduated in tenths of bar to allow an accurate reading. Any other type of manometer graduated inadequately, or not calibrated, will be refused and the Contractor will be responsible for the delay caused by the tests in matter. Certificates of manometers adjustment must be presented with the corresponding manometers.
For pipes cemented inside (DIN 4279 - part 3), a preliminary test is not necessary.
Measure 1
The pressure p1, reduced by water absorption by the cement mortar, will be measured (Table 1). Then, the pressure will be increased by pumping until it reaches the test pressure. 
The water quantity Q1 will be noted. Q1 and p1 are the coordinates of the measuring point 1 in Table 1.
Before the measure 2, the time interval Delta t is to be fixed. It is to choose in manner allowing accurate determination of the pressure drop. From experience, it is 30 minutes for pipes DN less than or equal to 400 mm and 60 minutes for others. Once set, Delta t remains fixed.
Measure 2
The water absorption causes the continuation of the pressure drop. This new pressure p2 (after Delta t) will be measured and water quantity Q2 will be noted. Q2 and P2 are the coordinates of point 2.
Measure 3
The repetition of the same measure gives the coordinates of point 3.
The conduit shall be accepted as watertight if the extension of the line through M2 and M3 and the horizontal base (p) have their intersection on the test pressure or if the pressure of the last measure point is already to the test pressure.
0. General test
After completion of the entire new system, there will be a general test. This test will be completed before the completion of particular connections, with the sectioning valves to the existing system being closed.
The duration of the test will be 48 hours in minimum. The admissible water loss is 1% of the water volume at the end of 48 h. This test can be done at the same time as the conduits' disinfection.
The water supply is the responsibility of the Contractor, as well as all the necessary equipment.
The pressure of the test is the same as the operating one, plus 2 bars.
[bookmark: _Toc401115491][bookmark: _Toc401115815][bookmark: _Toc401117249][bookmark: _Toc401121137][bookmark: _Toc401127346][bookmark: _Toc223513672][bookmark: _Toc242861582]6.2.2 Remark
The operating pressure is the one mentioned for the system in added service of the hammer blow.
If the pressure decreases of more than 0.1 bar during the first ten hours or if after 24 hours the test pressure is less than 2 bars, the general test on the concerned systems will not be valid and the Contractor will have to carry out his own verification to identify the source of the problem, for instance in correspondence of the connection points which remain visible and verifiable.
The test will be repeated as many times as necessary, until the conditions mentioned above are respected, and with the full fees of the Contractor.
The air holes will be assembled and tested during the general test. Their operation will be controlled at the same time.
[bookmark: _Toc401115492][bookmark: _Toc401115816][bookmark: _Toc401117250][bookmark: _Toc401121138][bookmark: _Toc401127347][bookmark: _Toc223513673][bookmark: _Toc242861583]6.2.3 Tests of concrete resistance for reinforced concrete
0. Preliminary tests
For concretes for BA, the corresponding rupturing capacity to the proposed composition must be justified by the preliminary tests to the compression and to the pull done by the laboratory. The test tubes will be confectioned in the laboratory by using the aggregates and cement whose usage are envisaged. The compression test will be done on the right cylinders of 15 cm of diameter and a double height of their diameter or on cubes of 20 cm.
The bending and pull test will be done on parallelepiped test tubes of 0.10 x 0.10 m of section and 0.40 m of height.
The number of specimens submitted to the compression and those of test tubes submitted to the pull test per bending will be: 
· Three for the tests of seven days
· Six for the tests of twenty-eight days



The proposed composition will be accepted if the arithmetic average of obtained compressions of six test tubes after 28 days is minimum of:

	Concrete Class:
	A
	B
	Hydraulic

	Constraint (N/mm²):
	32
	24
	32




If the tests are completed after 7 days, the results must increase to the minimum of 75% of values indicated above.
The results should be provided to the Project Manager (10) days before any completion of concrete works. 
In case where the results will not be satisfactory, the Contractor will have to make all proposals and new tests allowing to get a satisfactory concrete to all required conditions. 
For each of the important works, especially for processing and reversal station, and for tanks, these tests will be obligatorily done.
All costs related to these tests are in charge of the Contractor.
In case of nature change or origin of aggregates the tests will be redone in the same conditions.
0. [bookmark: _Toc401115494][bookmark: _Toc401115818][bookmark: _Toc401117252][bookmark: _Toc401121140][bookmark: _Toc401127349]Crushing tests of tubes in concrete.
[bookmark: _Toc401115495][bookmark: _Toc401115819][bookmark: _Toc401117253][bookmark: _Toc401121141][bookmark: _Toc401127350]The Contractor will have on the site, for the test tubes confection, several series in sufficient numbers to complete these tests; the number is set at three for each test for a fixed age. The test tubes will be stored carefully in wet sand. The Contractor will ensure the transport of test tubes after removal from the mould in the laboratory.
The test tubes will be protected against shocks during transport.
In case where the result is 7 instead of 28 days, would appear resistance lower than eighty-five hundredth of defined resistance as the basis for static calculation, new tests will be done. In case where the new tests are not satisfactory, the casting concrete will be demolished.
The Contractor will make available to the Project Manager a sclerometer which is in good condition of operating, to allow for the dynamic auscultations on all parts of the work already performed. If, on the whole or on part of the work, insufficient resistances are detected, despite good results obtained on test tubes, the Project Manager has the right to have samples tested by an approved laboratory, and to subject them to the tests mentioned above, all under the expense of the Contractor. The taking of samples on completed work will be done when the casting test tubes will have been destroyed or lost.
[bookmark: _Toc223513674][bookmark: _Toc242861584]6.2.4 Leakage tests of tanks
[bookmark: _Toc401115496][bookmark: _Toc401115820][bookmark: _Toc401117254][bookmark: _Toc401121142][bookmark: _Toc401127351]Before the operating setting of tanks, a test for their leak tightness will be performed. The testing time is 24 hours for tanks smaller than 500 m³, and 48 hours for those of 500 m³ and above. The water supply for testing is under the responsibility of the Contractor. The tank will remain full at least one week before the test.
No apparent wet mark will be accepted if it persists beyond 15days. No sweating, even minimal, will be accepted. 
If the test fails, it will have to be repeated as many times as necessary, until the tank matches complies with the test conditions; this will be at the expense of the Contractor.
Similarly, no apparent sweating will be accepted during or after pressure test of equipment and cisterns.
This article is applicable to tanks, water towers, covers, processing ponds, filters and other raw and treated water containers for which leak tightness is required.
If a tank seal cannot be obtained, the Contractor will apply at his own fees a seal coating approved by the Project Manager. The leak test will be repeated.
[bookmark: _Toc223513675][bookmark: _Toc242861585]6.2.5 Partial tests of installation operating
After works’ completion, but before the report of their completion, the Contractor will have to request authorization to the Project Manager to proceed to individual operating tests on the different installations.
Before proceeding to the mentioned tests, a series of tests on the equipment in place will take place and will consist in verifying the good installation of equipment, cabling and their insulation to cold and hot, as well as the setting of various elements relating to the tests such as measure instruments etc.
During the testing phase, the following will be tested:
· Operation of drilling pumps, raw and treated water pumps for many flows, reversal height and the consumption in corresponding electrical energy
· All electromechanical material
· The operation of generators
· Command, measuring and indicating apparatuses
· The anti-rams devices
· Valves to the tanks and repulsing
· Verification of electric diagrams and materials according to the requested prescriptions
· All material and auxiliary installation (Inst. health, inst. Electric lifting equipment, tools, doors, windows, etc.)
· Verification of metering (volumetric tests)
The types, modes, duration of operating tests and necessary instruments for the control will be contradictorily determined by the Contractor and the Project Manager. The Contractor will provide, at his own fees, all necessary measuring instruments. The instruments must be calibrated and their exactitude must match values to verify.
The Project Manager reserves the right to make all phenomena he will find useful to operate the devices of command, control, and protection and as often as it seems necessary to him.
In case of faulty construction or improper adjustment of equipment, the Contractor will be required to remedy the noted defects or to replace the equipment of which the reparation would be impossible or would not offer guarantees of normal operation. The apparatuses which are repaired or adjusted will be subjected to new tests.
If this second series of tests does not provide satisfactory results, the installation will be refused. In case of refusal, the equipment already delivered will be temporarily left free at the disposal of the Project Manager during the time necessary for its replacement.
The new equipment delivered in replacement must satisfy the same conditions and will be subjected to the same tests of reception.
The Contractor will provide chemicals from the same origin and the same quality as those used by the operating service, at his own expense.
The individual tests and changes or the successive replacements will not in any case involve additional expense of any kind whatsoever to the Client. In addition, the Client reserves the right to ask for compensations and damages for any harm potentially caused by the fact that the facility does not comply.
Concerning the pumps, the upstream of entrance flange and downstream of out flange will each be equipped with precision manometers equipped with a bleed and an isolation valve. Each pump is individually tested at six (6) points which must allow reconstituting the curve in comparison with the one of the industrial tests. The 6 points are those of Article 6.1.3.7 of the present GTC. The pumps will also be tested in groups of two in parallel.
[bookmark: _Toc401115497][bookmark: _Toc401115821][bookmark: _Toc401117255][bookmark: _Toc401121143][bookmark: _Toc401127352][bookmark: _Toc223513676][bookmark: _Toc242861586]6.2.6 General tests of installation operating
After a satisfactory completion of partial test, the test of all installation will be done, for a minimum period of 15 days from the end of individual tests. Meanwhile, possible breakdowns causing an interruption of water supply should not exceed two days; otherwise, the test will restart without the contract period being extended.
All tests will be exclusively under the responsibility of the Contractor who will provide with his own fees the personnel, material, and necessary chemicals. He will provide on his own fees for measuring apparatuses properly. The Project Manager will have asked him in addition information of those which are installed on the control board.
The costs of taking samples and of performing analysis by a laboratory approved by the Project Manager, shipping fees, tax, material (sterilized bottles, ice box, etc.). as well as all the other costs concerning these operations are fully under the responsibility of the Contractor.
[bookmark: _Toc206922327][bookmark: _Toc223513677][bookmark: _Toc242861587][bookmark: _Toc134019246]6.3 Commissioning of the installations, probationary operating state
The probationary duration is fixed at three months.
When the general test of operation of the installations is finished, the water adduction and distribution systems will be brought into service to temporarily provide water to the recipients. For the period of completion of the work, the District will place at the disposal of the project one or more technicians for a hands-on training in the field of "water". During the duration of the training, the technicians will monitor the work and will take an active part in its achievements. In order to be aware of the training beforehand, the Contractor will present to the Client or his representative the detailed program of the training for approval before undertaking it.
Right after the completion (provisional acceptance) of the works, intensive training will be given for one month. During this month the Company’s Engineer will teach the technicians the operation of the system, and its setup; after this intensive period, the technicians will be able to maintain the system in a state of correct operation and to address any disruptions of service which can occur.
Two extra sessions of one month each will be organized 5 and 10 months from the start of afterthe period of guarantee to supplement the initial training.
These activities also form part of the contractual services and do not give rise to any special remuneration for its personnel or for the equipment which the Contractor must guarantee.

[bookmark: _Toc242847423][bookmark: _Toc242861617][bookmark: _Toc134019247][bookmark: _Toc225738685][bookmark: _Toc225820814][bookmark: _Toc225738686][bookmark: _Toc225820815]4.4 Description of sources catchment
[bookmark: OLE_LINK1]The catchment of the source will be executed downstream of the hill by a drainage trench, in plan perpendicular to the main hill slope, following the hill base. This drainage trench will have a predeterminate length depending on source and location layout, with 5.00 to 6.00 m depth. The trench depth will depend on soil characteristics and must reach the hard layer.

Regarding catchment works, they should start with site clearance of the catchment area. Then, at the ground level in the position of the draining trench, the vegetative soils will be stripped. At the beginning of the works the width of drainage trench will be 4 m sized. Attaining 1.5 m deep, stairs should be built on the downstream wall side. This is to mitigate a steep wall slope and collapsing which may lead to accidents during excavations. The digging of trench will go on up to 6 m, but always following stairs instructions because through them, the cut materials should be discharged and through them clay and gravel will be supplied during catchment execution. Work of excavations stops as soon as rocks or hard ground are reached, and clean water emerges. Then, work of cleaning and rinsing can begin. The bottom of the trench will have a slope towards the exit of the draining trench.

The next phase consists of laying good quality clay on the bottom of the trench and on the wall downstream a height of 1 meter. The layer of clay must have a thickness between 20 and 30 cm. It is to be stressed that during the placement of clay on the bottom of the trench, the openings of the springs will be reserved to enable the flow of water from the ground; to the wall upstream, a layer of clay will not be applied with an aim of not slowing down seepage waters coming to the upstream part.

Clay to be used must be of good quality i.e., it must be free from any organic matter and shall have an adequate moisture content so that its plasticity will allow the positioning of a thin layer of 10 cm. It should not comprise of sand and before its use it will have to be mixed several times. After the application of clay, gravel filtering well washed, of size varying from 2 to 5 cm, must be laid gently on the clay of the bottom of trenches and in a height of 20 cm. A PVC strainer whose diameter has been designed according to available discharge will be laid with a slope of 5% for the routing of the water from the source to the intake chamber. On the upstream side of catchment weir, a PVC PN-10 (the diameter of which is the same as the strainer) will be laid. The slope of 5% will facilitate the flow and not allow the fine material to deposit and cause clogging of the strainer and pipe. From both sides of the drain (strainer), gravels of small size are laid in a layer of 20 cm. Then gravels of 5 cm in size will be used to fill the basin chosen for the collection of water. The height of the gravel will range between 50 cm and 80 cm. The upstream end of the strainer will be closed by a lid; around this lid will be placed gravel of large diameter. Inside the basin will be connected a PVC pipe, this pipe shall traverse through a barrage 50 cm thick, whose height varies depending on the height of the gravel inside the basin.

The clay used for the construction of this dam will be of the same quality as the clay used inside the basin. To avoid slippage of the dam, its foundation will rest in a notch provided at the bottom of the trench and will embrace the two sides of the trench. Once the gravel reaches a height of 60 to 80 cm, a waterproof plastic sheet folded into three will be placed above the gravel, and on this plastic layer will be placed a layer of clay 30 cm thick having a slope towards the exit of the basin.

The backfill will be made with a fine-grained soil in layers 15 cm thick for the first meter. Above this layer, a backfill of soil without roots or other organic matter will be laid in layers of 20 cm, each time up to the level of natural ground. At the end, soils throughout the entire catchment area will be leveled. After leveling, the area of the catchment zone will be covered with passeparum. Upstream and on the sides of the catchment area, a protection ditch, with a trapezoidal shape and a depth of 50 cm, will be dug to protect against rainwater. This ditch will evacuate such waters downstream of the catchment area. For the protection of the catchment area against livestock, a fence of protecting hedge in Euphorbia shall be set up. Within a radius of 50 m eucalyptus trees will be cut and uprooted.
The waters captured from the source will be conveyed in a PVC pipe toward the intake chamber to be built. This chamber may be raised on the downstream side of the basin outlet, near the catchment spot.

[bookmark: _Toc242847424][bookmark: _Toc242861618][bookmark: _Toc134019248]4.5 General construction features of hydraulic structures
[bookmark: _Toc242847425][bookmark: _Toc242861619]4.5.1 Hydraulic structures
What follows is a general description of the installation of the equipment and the construction design of the water works. The book of the junctions specifies the characteristics of the equipment for the installation of each junction. The number of inlets and outlets can be more than one, according to the points to serve downstream of the work. For all the hydraulic structures it is designed that a bituminous sheet shall be placed between the slabs or beams and vertical walls to separate the cover slab from the elevation body.

4.5.1.1 [bookmark: _Toc200965370][bookmark: _Toc225738687][bookmark: _Toc225820816][bookmark: _Toc242847426]Valve chambers or valves plus water meter (see drawing)
Hydraulic fittings
The details of equipment to install in the valve chamber for every junction are indicated in the book of junctions.
[bookmark: _Toc200965372][bookmark: _Toc225738689][bookmark: _Toc225820818]Construction
The earthwork for the valve chamber will consist of site clearance and removal of topsoil to a variable depth.
It will be compulsory that earthwork reaches hard and compact ground. The surface of the earthwork will be of at least 10 m².

The dimension of the hardcore base coverage will be at least 2.00 X 2.00 m; the voids between the stones will be filled with a cement sand mortar, of ratio 1:10. The blinding concrete of Class C will have a thickness of 0.05 m. The raft foundation of Class A reinforced concrete will have a dimension of 1.80 X 1.80 X 0.20 m.

On the foundation raft, the walls of the chamber will be built either in hardcore or in burnt bricks if available in excellent quality. The laying of the wall courses will leave a clearance of at least 10 cm from the edge of the raft foundation and will have thus the following dimensions: 1.60 X 1.60 m. The mortar for hardcore construction will be of a ratio of 1:2, while for burnt brick construction the mortar will be of a volume of cement to three volumes of sand. If construction were to be done in hardcore, dimensions of the chamber will change consequently. The hardcore walls will have a thickness of 0.40 m. The chamber will be covered by a cover slab of reinforced concrete Class A.

To have access inside the room, there will be, in the cover slab, an inspection manhole of 60 X 60 cm, closed by a steel lid of 3 mm with locking bolt. 5 irons steps (NB:  here, bent iron sticks for concrete are not allowed) will make it possible to get down inside the chamber. The floor of the chamber will have a soak away for infiltration of 20 X 20 cm, filled with gravel so to evacuate wastewater. This soak away will cross the reinforced concrete foundation and will evacuate water into a drainage system towards the outside of hardcore.

The height of the chamber will at least be 1.75 m, including the blind concrete and the plaster of the cover slab. In any case the cover of backfill between the formation of the principal drain and the level of the ground will be 1.00 m. A ground level overflow of 20 cm is required.

Inside and outside, the chamber will be covered with two layers of rough casting. The mixture of the mortar for the first cover will consist of one volume of cement for three volumes of sand; for the second cover a mortar with mixture of 1:2 will be used.

After the completion of the chamber, the surplus soil will be spread out in the surrounding of the work and a backfill will be carried out up to the level of the natural ground.



4.5.1.2 [bookmark: _Toc200965373][bookmark: _Toc225738690][bookmark: _Toc225820819][bookmark: _Toc242847427] Drain / Washout chamber (see drawings)
For this system, according to the pipes dimensions, the internal dimensions of drain chambers are the followings:

· Category n°1: de DN 25 au DN 100:		120 x 120 x 175 mm
· Category n°2: de DN 100 au DN 150:		170 x 130 x 175 mm
· Category n°3: de DN 150 au DN 300:		200 x 250 x 175 mm

It should be minded that the registered measurements above for the heights will result from the depth of the pipes in ground. Indeed, a minimal overtaking of 20 cm in relation to the level of the natural land is required in all conditions.

[bookmark: _Toc200965374][bookmark: _Toc225738691][bookmark: _Toc225820820]Hydraulic equipment
[bookmark: _Toc200965375][bookmark: _Toc225738692][bookmark: _Toc225820821]The equipment details to install in the drain chamber for every junction are indicated in the book of junctions.

Construction
The earthwork for the washout chamber will consist of site clearance and removal of topsoil to a variable depth.
It will be compulsory that earthwork reaches a hard and compact ground. The surface of the earthwork will have at least 10 m².
The foundation of the drain chamber will be made up of three parts:
- a hardcore base
- a blinding of lean concrete, Class C
- the reinforced concrete foundation raft, Class A concrete.
The dimension of the hardcore base coverage will be at least 2.00 X 2.00 m; the voids between the stones will be filled with a cement sand mortar, of ratio 1:10. The blinding concrete of Class C will have a thickness of 0.05 m. The raft foundation of Class A reinforced concrete will have a dimension of 1.80 X 1.80 X 0.20 m.
On the foundation raft, the walls of the chamber will be built, either in hardcore, or burnt bricks if found to be of good quality. Laying of the wall courses will leave a clearance of at least 10 cm from the edge of the raft foundation and will have thus the following dimensions: 1.60 X 1.60 m. The mortar for hardcore construction will be of a ratio of 1:2, for burnt brick construction the mortar will be of ratio 1:3. If construction were to be built in hardcore, the dimensions of the chamber will change consequently. The hardcore walls will have a thickness of 0.40 m; the chamber will be covered by a cover slab of reinforced concrete Class A. The height of the chamber will be 1.75 m, including the blinding concrete and the cover slab. In any case the cover of backfill between the formation of the principal drain and the level of the ground will be 1.00 m.

Inside and outside, the chamber will be covered with two layers of rough casting. The mixture of the mortar for the first cover will consist of one volume of cement for three volumes of sand; for the second cover a mortar with mixture of 1:2 will be used. The PVC pipe to drain the chamber or washout chamber will have a variable length according to the location of the washout chamber to discharge water without compromising the environment. The end of drain will be protected by a hardcore wall, placed in the natural ground and in order to avoid the digging of the ground during draining, drained water will pour on a bed of the stones, to be deposed directly downstream from this wall.
To have access inside the chamber, there will be, within the cover slab, an inspection manhole of 60 X 60 cm, closed by a steel lid of 3 mm with locking bolt. Five step irons will make it possible to go down inside. The floor of the chamber will have a soak away for infiltration of 20 X 20 cm, filled with gravel so to evacuate wastewater. This soak away will cross the reinforced concrete foundation and will evacuate water into a drainage system towards the outside of hardcore.
Dimensions of the chamber and the positioning of the equipment inside the chamber are given in order to allow the fitting and disassembling of all the equipment.
After the completion of the chamber, the surplus soils will be spread out in the surrounding of the work and a backfill will be carried made to the level of the natural ground.

4.5.1.3 [bookmark: _Toc242847428]Air vent chamber
Hydraulic equipment
[bookmark: _Toc200964530][bookmark: _Toc225738695][bookmark: _Toc225820824]The details of the equipment to be installed in the air vent chamber for every junction are indicated in the book of junctions.
Construction
The Air vent or air relief chambers will be at the maxima of pipes or at a section having maxima point. With the installation of an Air vent on pipe, the air is evacuated in a permanent way. The Air vent will have three functions:
-	Filling of water of the pipeline: during the filling of the pipes, water must flow slowly. The air escapes by the opening of the vent at a rate equivalent to that of water entering the pipe; An excessive speed of filling will set the float to the seat.
-	Air relief during operation: during the time of flow of water in the pipeline, air is allowed to escape.
-	Admission of air into the pipeline: during the washout or a setting in depression of the pipe, the float under the effect of its own weight descends and releases the large opening.

The earthwork for the chambers of Air vents will consist of site clearance and a removal of the topsoil at a variable depth. It will be obligatory that the earthwork reaches a hard and compact ground. The surface area of the earthwork will be of at least 10 m².
The foundation of the chamber of the Air vent will be made up of three parts:
· A hardcore base
· A concrete blinding of class C
· A reinforced concrete foundation raft of Class A
The dimension of the hardcore base will be of at least 2.00 ´ 2.00 m. The bonds between the stones will be filled with a mortar, which will be constituted by one volume of cement to ten volumes of fine sand. The concrete bed of blinding in class C will have a thickness of 0.05 m. The reinforced concrete foundation raft class A will have a dimension of 1.80 ´ 1.80 ´ 0.20 m. On the foundation raft the walls of the chamber will be built, either in hardcore, or in burnt bricks of good quality. The walls will have the same dimensions as the foundation raft minus 10 cm on either side, the mortar for hardcore construction will be composed of one volume of cement for two volumes of sand, for burnt brick construction the mortar will be of one volume of cement to three volumes of sand. If construction were to be built in hardcore, dimensions of the chamber will change consequently.
The hardcore walls will have a thickness of 0.40 m. The chamber will be covered by a slab of reinforced concrete of Class A. To have access inside the chamber, there will be in the cover slab an inspection manhole of 60 X 60 cm, closed by a steel lid of 3 mm with a locking bolt. Stainless irons steps will allow getting down inside the chamber. The floor of the chamber will have a soak away of infiltration of 20 X 20 cm, filled with gravel for the evacuation wastewater. This soak away will cross the reinforced concrete foundation and will lead water into a drainage system towards outside.

The cover of the backfill between the top level of the pipeline and the level of the ground will be 0.80 m.

For all the cases of installation of Air vents, a T-piece will be supported by concrete thrusts. Inside and outside, the chamber will be covered with two layers of rough plaster. The mixture of the mortar for the first cover will consist of one volume of cement for three volumes of sand; for the second cover a mortar with mixture of 1: 2 will be used. After the completion of the chamber, the surplus soils will be spread out in the surrounding of the works and a backfill will be made up to the level of the original ground.

4.5.1.4 [bookmark: _Toc242847429][bookmark: _Toc200964519][bookmark: _Toc225738696][bookmark: _Toc225820825]Collection chamber, intake chamber and head break chamber  
[bookmark: _Toc180340631][bookmark: _Toc200964520][bookmark: _Toc225738697][bookmark: _Toc225820826]Hydraulic equipment
The collection chamber will be provided with an overflow, two washout pipes and water intake pipes, a washout pipe will be provided to evacuate the pond stamp, while the other is to evacuate the intake chamber. The pond stamp will be characterized by the entry of water by a C I flanged union with a C I double flanged watertight and a plate of reinforced concrete, placed vertically to force water through the bottom of this plate to enable a settling in the basin. Then the waters will be poured into the intake through a spillway. The spillway separates the two compartments. In the compartment service will be installed equipment for washout, overflow and intake water.
The washout pipe pass through walls by C I flanged union with C I double flanged watertight. On the two washout pipes will be installed C I flanged valves, followed by a C I flanged T. After the T, another C I flanged T DN 80 will be installed to connect with the overflow. The washout pipe and overflow pipe will be a C I with a flange spigot and pass through the wall of the construction. At the side of the construction, a socket adaptor will be installed for connection with a PVC pipe. That washout pipe is heading towards a washout basin. A PVC pipe with variable length will be installed to drain water away from the washout basin, reach there, a hardcore wall will be built, placed in the natural ground and to avoid the digging of the ground during draining, drained water will pour on a bed of the stones, to be deposed directly downstream from this wall. The bottom of the intake chamber will have a slope to discharge. The outlet pipe will be equipped with a flanged stainless strainer. On this flange will be set a C I flanged pipe with a C I double flanged watertight on which a flanged valve will be fixed. The intake pipe will be a C I double flanged watertight adjustable anchoring pipe crossing the wall.
[bookmark: _Toc180340632][bookmark: _Toc200964521][bookmark: _Toc225738698][bookmark: _Toc225820827]Construction
The intake chamber will be built out of hardcore or burnt bricks. Before beginning the construction work, there will be the clearing of site and the removal of the topsoil up to a sufficiently firm layer for bearing the work. The earthwork for the realization of the works will cover a surface area of at least 15 m². When hard ground is attained, a hardcore will be laid. The dimension of the hardcore will be at least 3.60 X 3.10 X 0.30 m. The voids between the stones will be filled with mortar, made up cement and fine sand with a ratio 1:10. A lean concrete bed of Class C will have a thickness of 0.05 m.
A raft foundation of Class reinforced concrete will have a dimension of 3.10 X 2.60 X 0.15 m. On the raft foundation, the walls of the chamber shall be built, either in hardcore, or in burnt bricks. The mortar for hardcore construction will be composed of cement sand mix of ratio 1:2, while for burnt brick construction, the mortar will be of a volume of cement to three volumes of sand. If construction were to be built in hardcore, dimensions of the chamber will change consequently. The hardcore walls will have a thickness of 0.40 m. The chamber will be covered by a slab of reinforced concrete cover Class A. The height of the chamber will be 2.75 m, including the hardcore and the cover slab. In any case the cover of backfill between the formation of the principal drain and the level of the ground will be 1.00 m. 

The wall internal surfaces of the chamber will be with three layers of rough plaster. The first layer will have a mixture of 1:3; in the subsequent layers an additive waterproof will be used, these layers will have a respective mixture of 1:2 and 1:1. The last layer of rough coat will be applied to the hawk in order to guarantee a good coherence with the layer of finishing in epoxy non-toxic painting. This layer of finishing of the coating will consist of two coats of the non-toxic paint " Epoxy". Outside the walls, will be rejoined for the part above the ground level, while the part below the ground level will be rough-cast with two layers of rough-casting of a mortar having a mixture of 1:3 for the first layer and a mixture of 1:2 for the second layer. 

To have access inside the chamber, there will be, in the cover slab, an inspection manhole of 60 X 60 cm, closed by a steel lid of 3 mm with bolt locking. This lid will be provided with a vent for ventilation; inside this vent a fabric mosquito screen will be placed in order to avoid the entry of insects. Three step irons will make it possible to go down inside.

The floor of the chamber shall have a soak away of 20 X 20 cm, filled with gravel to evacuate the wastewater. This soak away will cross the reinforced concrete foundation and will lead the water into a system of drainage towards the outside of the hardcore. After the completion of the chamber, the surplus soils will be spread out in the surrounding of the works and a backfill will be made up to the level of the natural ground.
4.5.1.5 [bookmark: _Toc225738699][bookmark: _Toc225820828][bookmark: _Toc242847430] Tap stands (BF). (See drawings)
People will be supplied with tap stands of  four kinds.

· [bookmark: _Toc200965378][bookmark: _Toc225738700][bookmark: _Toc225820829]Double tap stand.
Hydraulic equipment
[bookmark: _Toc200965379][bookmark: _Toc225738701][bookmark: _Toc225820830]The details of the fittings to be installed in the various tap stands are found in the book of junctions. 
Construction
The earthwork for the water points or tap stands will consist of a site clearance and a removal of the topsoil to a variable depth. It will be compulsory that the earthwork reaches hard and compact ground. The surface area of the earthwork will be of at least 20 m². For the construction of the water points, it will be necessary to start with the foundations work, made up of:
- a hardcore 
- a blinding of lean concrete: Class C
- the reinforced concrete foundation raft: Class A

The dimensions of the hardcore base will be of at least 3.50 X 2 .90 m for the simple tap stands and 3.50 X 4.40 m for the water points with three taps. The joints between the stones will be filled with a mortar, which will be in a cement to fine sand ratio of 1:10.  The concrete blinding of class C will be having a thickness of 0.05 m. The reinforced concrete foundation raft class A shall have a dimension of 2.50 X 1.90 X 0.20 m for the simple public tap stands and 2.50 X 3.40 m for the water point with three taps.

On the foundation raft the walls of the substructure walls of the water points will be built, either in hardcore, or burnt bricks of good quality. The height of the wall will be 130 cm with an outside width of 1.00 cm and a thickness of 20 cm for the simple water point of 200 cm length with the same 20 cm thickness for the water point of three taps. At the back side of the low wall will be stuck a glance whose interior dimensions will be 60 X 60 X 60 cm for the two categories. To avoid disorder at the time of drawing up, two wings will be built on both sides of the wall; their height will be 60 cm. 

The mortar for hardcore construction will be composed of one volume of cement for two volumes of sand. For burnt brick construction, the mortar will be of one volume of cement to three volumes of sand. If construction were to be built in hardcore, it will be necessary to use the hardcore of small sizes not to change dimensions of the chamber and the back wall. As the draw-tap is not placed at the same height for the public water points, it will be decided during construction of the work to build a hardcore base in order to decrease the distance between the tap and the container and consequently to limit the wasting of water. Inside and outside, the chamber as well as the two faces of the low wall will be covered with a mortar. The mixture of the mortar for the cover will be composed of one volume of cement for three volumes of sand. The edge of the foundation raft will be circumvented by a drain with slope for drainage of rainwater and wastewater; the same drain will continue towards a soak away of 100 X 100 X 100 cm for the water points of a simple tap and 300 cm with a diameter of 100 cm for water points with several taps.

These soak away pits will be filled with hardcore up to the level of the natural ground. The veranda of the tap stands will be in cut stones posed on a sand bed whose width is of 50 cm. After the completion of the chamber, the surplus soils will be spread out in the surrounding of the work and a backfill will be made up to the level of the natural ground.

[bookmark: _Toc200965383][bookmark: _Toc225738705][bookmark: _Toc225820834][bookmark: _Toc242847433][bookmark: _Toc242861620]4.5.2 General points on reservoirs
[bookmark: _Hlk133867812]What follows gives a general description for construction of the tanks having a volume lower than 100 m3. Indications in the form of tables, diameters and heights of the tanks according to their volumes will also be provided. The construction of a 100 m3 reservoir will be made in reinforced concrete and its own descption will be formulated aside. All tanks will be equipped with stainless valve floats and stainless strainers.
[bookmark: _Toc200965384][bookmark: _Toc225738706][bookmark: _Toc225820835]Hydraulic equipment
[bookmark: _Toc200965385][bookmark: _Toc225738707][bookmark: _Toc225820836]The details of the equipment to be installed in the various tanks are in the book of junctions.
4.5.2.1 [bookmark: _Toc242847434]Reservoirs
[bookmark: _Toc200965386][bookmark: _Toc225738708][bookmark: _Toc225820837]Construction
The construction of these tanks will consist of four parts, namely:
· the foundation,
· the wall,
· the roof slab,
· the installation of the equipment.

The excavated material for the earthwork of the foundation of the tank will have a 40 cm depth from the natural ground level and will exceed the diameter of the reinforced concrete foundation (main raft foundation) by at least 75 cm. At the bottom and over all of the surface of the excavation, a hardcore of at least 30 cm will be put. In order to have a good stability for the hardcore, the voids between the stones will be filled entirely with a mortar made up in each volume of cement for ten volumes of sand. Then a concrete bed of blinding in Class C with a 5 cm thickness will be cast.

On this layer a Class A reinforced concrete with a 20 cm thickness will be cast. To counterbalance the stress diagram due to the hydraulic forces, the raft foundation will be prolonged in the vertical direction thwart the diagram of the hydraulic forces, the foundation raft will be protruded in the vertical direction (direction of the walls) in the shape of a belt (edge) to a height of 30 cm. On this belt the vertical walls will be based. Walls for tanks of volumes lower than 100 m3 will be done in hardcore. These walls will consist of a double hardcore line, the bonds between these two lines will be filled with a mortar of concrete reinforced with steel of Ø 10 each at 30 cm. The wall internal surface of the tank will be covered with three layers of rough plaster. The first layer will have a ratio of 1:3; in the subsequent layers additive waterproofs will be used, these layers will have a respective mixture of 1:2 and 1:1. The last layer of rough plaster will be applied with a wood float in order to enable a good adherence with the layer of finishing in epoxy nontoxic paint. This layer of finishing of the coating will consist of two coats of the non-toxic paint "Epoxy".

The cover slab of the tank will be made in Class A reinforced concrete with a thickness of 15 cm. This slab will be provided with a ventilated cover measuring 80 X 80 cm, placed at the top of the inlet, in order to guarantee access inside the tank.
The position of the inlet shall be in the same valve chamber as those of the outlet pipe, draining and overflow pipes. This valve chamber will be built outside of the tank. In this chamber, the equipment of adjustment and maintenance will be installed. The chamber will be provided with a cover of 80 X 80 cm and step irons.

The draining of the tank will be done in a place suitable and at a sufficient distance not to destabilize the works. At the end of the pipe, of draining a drain chamber or washout chamber will be built for protection of the ground against scour. 

After the completion of the chamber, the surplus soils will be spread out in the surrounding of the work and a backfill will be carried out up to the level of the natural ground.


4.5.2.2 [bookmark: _Toc225738709][bookmark: _Toc225820838][bookmark: _Toc242847435]Reservoirs in reinforced concrete
[bookmark: _Toc225738710][bookmark: _Toc225820839][bookmark: _Hlk133867944]Construction
The construction of these tanks will consist of four parts, namely:
· the foundation,
· the wall,
· the roof slab,
· the installation of the equipment.

At the bottom and over all the surface of the excavation, a hardcore of at least 30 cm will be put. In order to have a good stability for the hardcore, the voids between the stones will be filled entirely with a mortar made up in each volume of cement for ten volumes of sand. 

Then a concrete bed of blinding in Class C with a 5 cm thickness will be cast. On this layer a Class A reinforced concrete with a 20 cm thickness will be cast. To counterbalance the stress diagram due to the hydraulic forces, the raft foundation will be prolonged in the vertical direction thwart the diagram of the hydraulic forces, the foundation raft will be protruded in the vertical direction (direction of the walls) in the shape of a belt (edge) to a height of 30 cm. The vertical walls will be based on this belt (see drawings for details). 

The interior wall surface of the tank will be covered with three layers of rough plaster. The first layer will have a ratio of 1:3; in the subsequent layers additive waterproofs will be used, these layers will have a respective mixture of 1:2 and 1:1. The last layer of rough plaster will be applied with a wood float in order to enable a good adherence with the layer of finishing in epoxy nontoxic paint. This layer of finishing of the coating will consist of two coats of the nontoxic paint "Epoxy".

The cover slab of the tank will be made in Class A reinforced concrete with a thickness of 15 cm. This slab will be provided with two ventilated covers measuring 80 X 80 cm, of which one side is placed 10 cm from the inlet pipe in order to guarantee access inside the tank.

The position of the inlet shall be in the same valve chamber as those of the outlet pipe, draining and overflow pipes. This valve chamber will be built at outside of the tank. In this chamber, the equipment of adjustment and maintenance will be installed. The chamber will be provided with a cover of 80 X 80 cm and step irons.

The draining of the tank will be done in a place suitable and at a sufficient distance not to destabilize the works. At the end of the pipe of washout a drain chamber or washout chamber will be built for protection of the ground against scour. 

After the completion of the chamber, the surplus soil will be spread out in the surrounding of the work and a backfill will be carried out up to the level of the natural ground.

It is reminded that from reservoirs holding more than 15 m3 capacity, the Contractor must conduct static calculations according to the articles 1.2 of the General specifications book.

[bookmark: _Toc242847436][bookmark: _Toc242861621][bookmark: _Toc134019249]4.6 Pipes
[bookmark: _Toc242847437][bookmark: _Toc242861622][bookmark: _Toc200965389]4.6.1 Discharge pipe 
The installation of the discharge pipes will be done in a channel having a 1.25 m depth and a 0.60 m width. The depth and the width will be according to the nature of the ground. The trench bottom will have to be levelled in accordance with the longitudinal profile of the drain, and not having any rock asperity. It will be made sure that the support of the pipe on the ground will be evenly distributed, a space to enable the fitting will have to be provided. The sifted soil or the supplied sand may be used for the first backfill layer, well compacted up to 30 cm thickness above the pipes. The coating materials for pipes may be sand. The backfill of the trench will be done with soil in place not compacted, so that the fill on top of the channels is approximately 30 cm higher than the ground level.
Pipes junctions will remain exposed, and their backfilling will be carried out after a pressure test to check their water tightness. The pressure test will be carried out over lengths of sections not exceeding 500 m. As the pipeline will be tested before backfilling, portions of “soil” will be put in the middle of each pipe to prevent any dismantling or movement of the pipe. This will allow effective examination of the pipes’ section under testing and will allow a checking of the perfection of all the joints. The trial pressure will be equal to 1.5 X the nominal pressure of the pipe up to PN 10. For pressures higher than PN 10, PN + 5 bars must be considered. The test is supposed to be successful as far as the fall of pressure doesn't get over 0.2 bars. The replenishment should take place slowly to the lowest point with degassing of the pipe to the highest point. The test of pressure will have to be carried out according to the usual international standards. The test report will have to include:

· Description of pipeline.
· Index of attained pressure directly after test.
· Index  of reached pressure after pressure test delay.
· Controls carried out during the test.
· The elapsed time when pipes were subjected under pressure which is 12 hours minimum.
· Results report
During the pipes layout, the pipeline section that is already finished will be carefully cleaned in order to purge out all stones or soil entrapped inside.
[bookmark: _Toc435093900]4.7. Filtration on Travertine
Filtration on calcareous mass works by anti-gravity: it goes from the bottom to the top and has the task of making the aggressive carbon dioxide react with the limestone.
The treatment involves increasing the hardness and pH of the water, improving its potability characteristics.
The volume of the calcareous filter is indicated in the drawing.
The grain size of the limestone / travertine will be as follows:
· Bottom layer: 20 - 40 mm
· Intermediate layer 1: 10 - 20 mm
· Intermediate layer 2: 5 - 10 mm
· Surface layer: 2 - 5 mm


4.8.  Water Quality Assurance Plan
The water quality testing should be done by the Contractor at each new water source before construction to ensure that water will not have negative effects on human health as well as on pipe material. Coely, it is recommended that per each source, two samples are taken. Laboratory tests will be carried out on both samples and the mean of the two results will be considered. The recommended elements to be tested are pH, Turbidity, Temperature, Total Coliforms, E. Coli, Faecal Coliform, Hardness, Arsenic, fluoride, Chloride, Nitrate, Electro-conductivity, Total dissolved solids (TDS), Iron, Phosphates, Copper, Manganese, Aluminum, Ammonia nitrogen. The Contractor should perform water quality testing before, after completion of the works. The cost of the test should be indicated in the BOQ.
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