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1 GENERAL SPECIFICATION FOR MATERIALS

1.1  Approval of concrete constituents

The Contractor shall submit to the Client’s Engineer full details of all materials that he proposes to use for making structural or non-structural concrete as defined in these Employer’s specifications. No concrete shall be placed in the Permanent Works until the Client’s Engineer has approved the constituent materials. Approved materials shall not thereafter be altered or replaced by other materials without the consent of the Client’s Engineer.

1.2 Water for concrete and mortar

Water for mixing or curing of concrete or mortar shall not contain more than the following concentrations of impurities:

Max ppm

The sum of sulphates, alkali carbonates and bicarbonate 


1,000

Chlorides 








500

Suspended solids 







2,000

Other dissolved solids 







2,000

 For triangulation purposes Reference should be made to EN1008. The more beneficial water quality among the two should be selected 
Seawater or brackish water shall not be used.

1.3 Aggregates for concrete

1.3.1 Aggregates to conform

Aggregates for concrete shall conform to the requirements for fine and coarse aggregates in BS EN 12620:2013 “Aggregates for concrete”. Fine and coarse aggregates shall separately conform to the requirements set out in the following sub-clauses.
1.3.2 General requirements

Aggregate shall be clean, hard, durable and frost resistant and shall not contain iron pyrites, iron oxides (other than magnetite), mica, shale, coal or other laminar, soft or porous materials.

1.3.3 Grading

In order to achieve an acceptable grading, it may be necessary to blend materials from more than one source. Coarse aggregate shall be supplied in the nominal sizes specified and shall be graded in accordance with BS EN 12620:2013 for single sized aggregates. A coarse aggregate shall be predominantly angular, rounded or irregular.

1.3.4 Chlorides

The chloride content shall not exceed 0.03% by mass expressed as chloride ion when tested in accordance with BS 812-117:1988 subject to the further restriction on total chloride content hereunder.

1.3.5 Sulphates

When tested in accordance with BS 812-118:1988, the sulphate content shall not exceed 0.4% by mass expressed as SO3, subject to the further restriction on total sulphate hereunder.

1.3.6 Total chloride and sulphate content

The total chloride content arising from all ingredients in a mix including cement, water and admixtures shall not exceed the following limits, expressed as chloride ion and as a percentage of the mass of cement in the mix:

· for prestressed concrete, steam-cured concrete or concrete containing sulphate resisting or super-sulphated cement: 0.05%;

· For any other reinforced concrete 0.3% in 95% of all test results providing no result is more than 0.5%.

The total sulphate content expressed as SO3 of all the ingredients in a mix including cement water and admixtures shall not exceed 4.0% of the mass of cement in the mix.

1.3.7 Soundness

After five cycles of the test described in BS 812-121:1989, aggregates shall not show a mass loss of more than 18% using magnesium sulphate.

1.3.8 Alkali reactive minerals

No part of the aggregates shall contain any mineral known to have a potential to cause alkali, silica, alkali silicate, alkali carbonate or any other damaging chemical reaction between alkalis and aggregates. The minerals present should be determined in accordance with BS 812-123:1999, on a range of samples selected to include every mineral type present in the aggregate as a whole irrespective of the proportion of the mineral. If during the course of the test it is concluded that an unequivocal identification of potentially reactive mineral is not possible, alternative tests shall be carried out such as to provide the required identification.

1.3.9 Flakiness

Flakiness Index of coarse aggregates when tested in accordance with BS EN 933-3:1997 shall be as set out below:

a. For nominal 40mm aggregate and above, not more than 40.

b. For nominal 20mm aggregate and below, not more than 35.

1.3.10 Shell content

The content of hollow and flat shells shall not be such as will reduce the 28 day strength below the minimum average strength required or reduce the average 28 day strength by more than 5% when tested in accordance BS EN 12390: 2000 when ten cubes made of concrete with shells are compared with ten cubes made of concrete with shells removed.

1.3.11 Organic impurities

Fine aggregate shall be tested as set out in BS 1377 Test 8 and rejected if the percentage of organic matter exceeds 1%.

1.3.12 Delivery and storage of aggregates

Aggregates shall be delivered to Site in clean and suitable vehicles. Different types or sizes of aggregate shall not be delivered in one vehicle.

Each type or size of aggregate shall be stored in a separate bin or compartment having a base such that contamination of the aggregate is prevented. Dividing walls between bins shall be substantial and continuous so that no mixing of types or sizes occurs. The storage of aggregates shall be arranged so that as far as possible rapid drying out in hot weather is prevented in order to avoid sudden fluctuations in water content. Storage of fine aggregates shall be arranged so that they can drain sufficiently before use in order to prevent fluctuations in water content of the concrete.

1.4 Cement

Cement for use in the permanent works shall be Ordinary Portland Cement for approved manufacture and shall comply with BS EN 197-1:2000.

Cement shall be free flowing and free of lumps. It shall be supplied in the manufacturer's sealed unbroken bags. Bagged cement shall be transported in vehicles provided with effective means of ensuring that it is protected from the weather.

Cement shall be transported in vehicles or in containers built and equipped for the purpose.
Cement in bags shall be stored in a suitable weatherproof structure of which the interior shall be dry and well ventilated at all times. The floor shall be raised above the surrounding ground level and shall be so constructed that no moisture rises through it.

Each delivery of cement in bags shall be stacked together in one place separate from other deliveries. The bags shall be closely stacked but shall not be stacked against an outside wall. If pallets are used, they shall be constructed so bags are not damaged during handling and stacking. No stack of cement bags shall exceed 10 bags in height. Different types of cement in bags shall be clearly distinguished by visible markings and shall be stored in separate stacks.
In purchase of cement date of manufacturing should be noted. With inadequate favorable storage conditions, duration of stay in the contractor’s stores should be estimated. In total from manufacture to use should not exceed 3 months.  

Dates of purchase should be indicated on the bin cards in the store this will indicate the age of cement
Cement should not be stored directly on the floor of any type
Cement from broken bags shall not be used in the Permanent Works.

Cement in bags shall be used in the order in which it is delivered.

Cement shall be stored in weatherproof stores. Stored cement shall bear a clear indication of the type of cement contained in them. Different types of cement shall not be mixed.
The Contractor shall provide sufficient storage capacity on Site to ensure that his anticipated programme of work is not interrupted due to lack of cement having due regard to factors outside the Contractor's control. Where such condition occurs the age of cement from manufacturing to use should not exceed 3 months 
Cement that has become hardened or lumpy or fails to comply with the Employer’s Requirements in any way shall be removed from the Site.

All cement used in the Permanent Works shall be tested by the manufacturer or the Contractor in a laboratory acceptable to the Engineer. Each set of tests carried out by the manufacturer or Contractor shall relate to not more than one day's output of each cement works, and shall be made on samples taken from cement which is subsequently delivered to the Site.

Cement which is stored on Site for longer than one month shall be retested in a laboratory acceptable to the Engineer at the rate of one set of tests for every two hundred tons, or remaining part of any single delivery, whichever is the lesser amount. Testing shall be repeated at monthly intervals thereafter.

Cement that does not comply with the Employer’s Requirements shall not be used in  Permanent Works. 
The Contractor shall keep full records of all data relevant to the manufacture, delivery, testing and use of all cement used in the Permanent Works and shall provide the Engineer with two copies thereof.

1.5 Admixtures for concrete or grout

1.5.1 General

The use of admixtures in concrete may be required to promote special properties to the concrete or may be proposed by the Contractor to assist compliance with Employer’s Requirements. In all cases, the Contractor shall submit to the Engineer full details of admixture he proposes to use and the manner in which he proposes to add it to the mix. The information provided shall include:

· the typical dosage and the detrimental effects of an excess or deficiency in the dosage;

· the chemical names of the main active ingredients in the admixture;

· whether or not the admixture contains chlorides, and if so, the chloride ion content expressed as a percentage by mass of admixture;

· Whether the admixture leads to the entrainment of air when used at the manufacturer’s recommended dosage, and if so, the extent to which it does so long and short term effects of the admixture on concrete including the effects on different types of cement and aggregates;

· storage life;

· safety precautions required in handling;

· compatibility with other additives;

· Compliance with standards.

The chloride ion content of any admixture shall not exceed 2% by mass of the admixture nor 0.03% by mass of the cement in the mix. Admixtures shall not be mixed together without the consent of the Engineer.

1.5.2 Super plasticising admixtures

Super plasticising admixtures shall comply with BS EN 934-2:2001.

If the use of super plasticising admixtures is authorised by the Engineer, flow table tests carried out in accordance with BS EN 12350-5:2000 shall be used to control and record workability.

Test cubes shall be made in accordance with BS EN 12390 except that the concrete shall be placed in the cubes and compacted to the same degree as the concrete placed in the Works.

In addition to the normal trial mix cubes required, an additional set of cubes shall be made with 1.5 times the intended super plasticising admixture addition to assess the effect overdosage on the concrete.

If the Contractor requests permission to use super plasticising admixtures, the Engineer shall not approve its use unless full particulars including chemical constituents of the admixture are submitted and the additional trial mixes mentioned above have be carried out and all are considered satisfactory.

The Engineer has the right to refuse the use of super plasticising admixture for concrete for particular structures.

1.5.3 Air entraining agents

Air entraining agents shall comply with BS EN 934:2001.

The effect of a proposed air entraining agent shall be tested by the Contractor in trial mixes produced in the equipment which he proposes to use for the Permanent Works.

1.5.4 Workability agents

Subject to the agreement of the Engineer, admixtures may be used by the Contractor to assist in meeting the Employer’s Requirements or to aid the placing of concrete.

Workability agents shall comply with BS EN 934:2001 and shall not have any adverse effect on the properties of the concrete. If a reduction in strength of the concrete is caused, the Contractor shall counteract this by a reduction in water cement ratio or by an increase in cement content.

1.6 Mortar

Mortar shall be composed of fine aggregate as specified in Clause 3.3 and the type of cement as specified in Clause 3.5. The mix proportions shall be as stated on the drawings or if not stated shall be one part of cement to three parts of fine aggregate by mass.

Small quantities of mortar may be hand mixed but for amounts over 0.5m3 a mechanical mixer shall be used.

The water content of the mortar shall be as low as possible consistent with the use for which it is required but, in any case, the water/cement ratio shall not be more than 0.5.

Mortar which is specified, as “dry pack” shall be mixed with sufficient water for the mix to become cohesive but not plastic when squeezed in the hand. Dry pack mortar shall be rammed into the cavity it is required to fill, using a hand rammer with sufficient force to ensure full compaction.

1.7 Reinforcement

Hot rolled high yield deformed reinforcement complying with BS 4449:1997 shall be used throughout the works.

Steel mesh fabric shall comply with BS 4483:1998 and hard drawn mild steel wire shall comply with BS 4482:1985.

All reinforcement shall be from an approved manufacturer and the Contractor shall submit a test certificate of the rolling. Tying wire shall be 1.6mm diameter soft annealed iron wire. All reinforcement shall be free from scale, rust, grease, paint or other substances likely to reduce the bond between the steel and the concrete.

1.8 Prestressing wire and strand

Prestressing wire and strand shall comply with BS 5896:1980. All prestressing wire and strand shall be from an approved manufacturer and the Contractor shall submit test certificates for the yield stress, 0.2% proof stress and ultimate tensile strength.

1.9 Formwork

The formwork may be of seasoned, planed, tongued and grooved timber, plywood, blackboard, tempered hardboard or steel.

All timber used for formwork shall be sound wood, well-seasoned and free from loose knots, shakes, large checks, warping and other defects. Before use on the work, it shall be properly stacked and protected from injury from any source. Any timber that becomes badly warped or cracked, prior to the placing of concrete shall be rejected. All formwork for outside surfaces above final ground level shall be either tongued and grooved or provided with a suitable lining to produce a smooth surface finish.

1.10 Waterstops

All references to waterstops include groutstops.

The Contractor shall submit full details of the materials he proposes to use and test results from an independent laboratory. No waterstop material shall be brought onto site until the Contractor has submitted these details.

Waterstops shall be made of materials that are resistant to chlorides, sulphates, or other deleterious substances that may be present in the environment of the Permanent Works.

Rubber waterstops may be of natural or synthetic rubber and shall have an elongation at breaking stress of at least 500% at 25oC and shall be capable of accommodating a transverse movement of at least 50mm.

Polyvinyl chloride (PVC) waterstops shall be extruded from an unfilled plasticised PVC polymer or copolymer that does not contain any reclaimed or scrap PVC. PVC waterstops shall have an elongation at breaking stress of at least 225% at 25oC and shall be capable of accommodating a transverse movement of at least 10mm. Low modulus waterstops shall be of rubber or PVC as described above but shall have an elongation of at least 200% at 25oC under a tensile stress of 6 MPa and shall be capable of accommodating a transverse movement of at least 50mm.

Waterstops shall be supplied in lengths as long as possible consistent with ease of handling and construction requirements.

In rubber or plastic materials, joints other than butt joints shall be supplied ready made by the manufacturer. Butt joints shall be made on site in accordance with the manufacturer's instructions and with equipment supplied for the purpose by the manufacturer.

Waterstop material shall be stored carefully on site to avoid damage and contamination with oil, grease, or other pollutants. Rubber and plastic waterstops shall be stored in cool well-ventilated places away from direct sunlight.

Rubber and plastic waterstops which are embedded in one side of a joint more than one month before the scheduled date of placing concrete on the other side, shall be protected from the sun.

Waterstops shall be firmly fixed in the formwork so that they cannot be displaced during concrete placing and shall be completely free of all dirt, grease oil, etc., before placing concrete.

Concrete shall be placed carefully round waterstops so as to avoid distortion or displacement and shall be fully compacted. Where waterstops lie in a horizontal or nearly horizontal plane the Contractor shall ensure that no voids are left on the underside of the waterstops.

Formwork round waterstops shall be carefully removed to avoid damage. If waterstops suffer any damage that cannot be properly repaired in situ, the Engineer may require a section of concrete to be removed and the waterstop replaced.

1.11  Steel pipes and fittings

Steel pipes and fittings shall comply with BS EN 10224:2002 Non-alloy steel tubes and fittings for the conveyance of aqueous liquids including water for human consumption – technical delivery conditions.

Steel pipes shall be lined throughout their entire length with epoxy, cement mortar, spun bitumen or other approved lining.

Epoxy linings shall have a minimum dry film thickness of 400μm, and the materials and application process shall be subject to the Engineer’s approval.

Cement mortar linings shall be applied in accordance with draft standard prEN 10298. Spun bitumen linings shall comprise an average thickness of 3.0mm (minimum 2.5mm) of hot applied bitumen complying with BS 3416:1991 Type II. The bitumen shall be such that it does not impart a taste or odour to the water.

The external protection for steel pipes shall be in accordance with DIN 30675 Part 1 for Type III soil and shall be either:

· a minimum of two coats of bitumen impregnated glass fibre to form a coating with an average thickness of 5.0mm (minimum 4.5 mm);

· a triple-wrap system comprising fusion-bonded or sprayed epoxy primer, an intermediate adhesive layer and an extruded polyethylene coating.

Flange jointed pipes shall have flanges complying with BS EN 1092: 2002.

All steel flanged pipes and fittings shall be supplied complete with galvanised bolts, nuts and appropriate gaskets.

1.12 The Contractor shall make available to the Client’s Engineer the manufacturer's certificates covering the chemical analysis and physical properties of the steel used in the manufacture of pipes. The pipes shall be hydraulically tested before leaving the factory to the test pressure specified in the relevant standard. The tests shall be carried at the expense of the Contractor at the place of manufacture and the Contractor shall supply a signed certificate on delivery of the goods concerned giving results of the tests and certify that the goods concerned have been manufactured in accordance with these Employer’s requirements. Ductile iron pipes and fittings

Ductile iron pipes and fittings shall be in accordance with the following:

BS EN 545:2002 "Ductile iron pipes, fittings, accessories and their joints for water

pipelines – requirements and test methods”.

For pipes and fittings of 600mm diameter and less, flexible joints shall be of the "Tyton" spigot and socket type. For pipes and fittings of 700mm diameter and above, the type of spigot and socket flexible joint shall be subject to the approval of the Engineer. 
Flanged joints shall be drilled in accordance with BS EN 1092: 1997, and shall be supplied complete with galvanised steel nuts and bolts, and appropriate gaskets.

Self-anchored flexible joints shall also be of the spigot and socket type, but the joint shall be tied together to prevent longitudinal movement. The joint shall permit an angular deviation of 2o relative to the pipe axis after assembly, and shall be subject to the approval of the Engineer.

All spun ductile iron pipes shall be Class K9.

All puddle flanges shall be of the thrust resisting type.

The external protection for ductile iron pipes shall be in accordance with DIN 30675 Part 2 for Type III soil and shall be either:
i. in accordance with BS EN 545 comprising a sprayed zinc coating to give a coverage of 130g/m2, followed by a bituminous varnish of 70μm minimum dry film thickness, followed by wrapping with polyethylene sheeting; 
ii. an extruded polyethylene coating in accordance with DIN 30 674 Part 1.

Flange joints shall be supplied complete with all necessary bolts, nuts, and gaskets and shall be protected, where buried, with denso-paste, denso-tape and polythene sheeting, or similar approved wrapping, which shall be installed in accordance with the manufacturers written instructions and to the approval of the Engineer.

1.13  PVC pipes and fittings

PVC pipes shall comply with BS EN 1452-2: 2000. Joints shall be of the spigot and integral socket type. Solvent weld joints are not permitted for buried PVC pipelines.

Fittings for use with PVC pipe shall be manufactured from PVC and shall have socketed joints. Cast iron fittings shall be bitumen coated. Aluminum alloy fittings are not permitted.

1.14  Glass reinforced plastic pipes and fittings

Glass reinforced plastic pipes shall comply with BS 5480:1990. In addition to the information required by BS 5480, the manufacturer shall declare, and guarantee, the following:

i. the long term-ring stiffness of the pipe;

ii. the modulus of elasticity of the pipe.

Fittings for GRP pipe shall be of glass reinforced plastic or fabricated steel. The coating and lining of steel fittings shall comply with Section 3.12 of these Employer’s Requirements. Service connections to GRP mains shall not be permitted.

1.15   PE pipes and fittings

Polyethylene pipes and fittings shall comply with DIN EN 12201: 2003.
Colors should not be the only means to differentiate pipes class i.e. yellow, red, blue, green more other tests should be made to ascertain the classes 
1.16   Prestressed concrete pipes

Prestressed concrete pressure pipes shall comply with BS EN 642:1995 “Prestressed concrete pressure pipes, cylinder and non-cylinder, including joints, fittings and specific requirement for prestressing steel for pipes.”

1.17  Concrete drain pipes

Reinforced concrete pipes and special fittings for drainage purposes shall comply with BS 5911.

1.18 Valves

1.18.1 Gate valves

(a) Medium pressure gate valves

All wedge gate valves for working pressures up to and including PN25 shall conform to BS 5163:1986 “Specification for predominantly key-operated cast iron gate valves for waterworks purposes”.

Wedge gate valves for higher working pressures and resilient seal valves shall also be of a water works pattern and flanged valves shall have face to face dimensions in accordance with the above standard.

All gate valves shall close in a clockwise direction and the direction of opening and closing shall be cast on the handwheels or valve casing with the words “OPEN” and “CLOSE” respectively. All gate valves shall be capable of being operated manually with a maximum applied torque of 150Nm for valves with a nominal diameter more than 450mm and of 100Nm for valves with a nominal diameter less than 450mm. The Contractor shall ensure that the gate valves supplied are fitted with appropriate thrust bearing guides and gearing to fulfil these requirements, ensuring that when reduction gearing is employed, the gear ratio shall no exceed 4:1. Bypasses shall be fitted to gate valves where pipeline pressures deem it necessary and universally to valves of 600mm diameter and larger.

(b) High pressure gate valves

Gate valves for pressures greater than 25 bar shall comply with BS 1414:1975 “Specification for steel wedge gate valves (flanged and butt-welding ends) for the petroleum, petrochemical and allied industries.”

1.18.2 Butterfly valves

Butterfly valves shall conform to BS EN 593:1998: “Industrial valves. Metallic butterfly valves.”

1.18.3 Check valves

Check valves shall comply with BS EN 12334:2001: “Industrial valves. Cast iron check valves.”

1.18.4 Flap valves

Flap valves shall be of a light duty pattern, with flanged back, cast body and double hung gate with wrought iron or brass hinge pins.

1.18.5 Single air valves

Single air release valves shall be of the small orifice type and shall have bodies of cast iron. 
The inlet shall be 25mm diameter fitted with an isolating plug cock and shall be screwed in an 80mm diameter blank flange drilled and tapped to BS 21. Single air valves shall be of pattern and manufacture approved by the Engineer for the conditions under which they will operate, and be fitted with a pressure gauge tapping and plug. Floats are to be manufactured from high-density polyethylene.

1.18.6 Double air valves

Air release and vacuum break valves shall be of a compact, single chamber design with solid cylindrical high density polyethylene control floats housed in a tubular stainless-steel body with stainless steel ends secured by stainless steel tie rods. The valves shall have integral surge alleviation mechanisms that shall operate automatically to limit transient pressure rise or shock induced by closure due to high velocity air discharge or the subsequent rejoining of separated water columns. The limitation of pressure rise must be achieved by deceleration of approaching water before valve closure. 
The intake/discharge orifice area shall be equal to the nominal size of the valve.

The valve design shall incorporate an overpressure safety feature that will fail without an explosive effect. This feature shall consist of easily replaceable components such as gaskets, seals or the like.

The inlet of the air valve shall be fitted with an isolating valve with vertical spindle, key operated, from above.

1.18.7 Fire hydrants

Fire hydrants shall be of the screw down type to BS 750 (type 2), with 2½” London Round thread outlets.

1.18.8 Painting of valves

All valves shall be painted internally and externally to give the same standard of protection as for steel pipes and fittings. Surface protection shall be all to the approval of the Engineer.

1.19  Meters and meter boxes

1.19.1 Domestic type water meters

Domestic type water meters shall comply with Class C measuring requirements of BS 5728 and shall be calibrated in litres. The meters shall be supplied with tail pieces threaded to BS 21.

Where specified on the drawings meter boxes for domestic type water meters shall be 400mm by 300mm by 300mm deep precast concrete covered boxes.

1.19.2 Bulk water meters

Unless otherwise directed, bulk water meters shall be in-line helical vane water meters. The meters shall comply with Class B measuring requirements of BS 5728. The meters shall comply dimensionally with ISO 4064, and shall have flanges drilled to BS EN 1092: 1997. Meter chambers will be purpose constructed to standard details contained elsewhere herein.

1.20 Ferrules

Ferrules for connection to distribution mains shall be supplied with integral key-operated plug cocks and shall be suitable for under pressure tapping.

The maximum size of ferrule to be fitted to an 80mm diameter main and less shall be 20mm diameter. Ferrules shall be connected to distributing mains via cast iron saddles designed for use with the ferrule being installed and the particular pipe material.

1.21 Marker posts

Precast concrete marker posts shall be set in concrete and fixed near valves, fire hydrants, washouts, etc. and at changes in direction of the mains.

2 GENERAL SPECIFICATION FOR EARTHWORKS

2.1 Clearance of ground

The Contractor shall clear the ground on or below which the Works are to be erected removing vegetation and all superficial obstructions. The combustible material cleared shall be disposed of by strictly controlled burning which shall be approved in each instance by the Engineer. Combustible material removed may be burnt on the Site, provided care is taken to prevent contamination of trench bottoms or backfill material with charcoal or other products of combustion.

All trees, bushes and hedges are to be removed within a distance of 1 meter from the center line of pipelines and for a distance of three meters in plan from any foundations. Roots are be killed or removed within this width. All timber removed remains the property of the Employer and the Contractor shall dispose of timber in a manner as instructed by the Engineer.

Trees, bushes and hedges at the Site shall not be cut down, damaged or destroyed without approval of the Engineer.

The Contractor shall carefully strip top soil over the width of pipe trenches, set it aside for bringing back after backfilling of trenches and replacing over the top of trenches to restore the ground to its near as possible original condition.

If, owing to excessive cross-falls, the Contractor requires to carry out general levelling to facilitate use of Contractor’s Equipment, such levelling may only be carried out after stripping and setting aside of top soil over the full width of the area to be levelled.

2.2 4.2 Blasting

The Contractor shall keep in his office at the Site copies of Laws applying to the transport, storage and use of explosives and shall supply one copy of each Law to the Engineer. The Contractor shall also submit to the Engineer a copy of any instructions or notices that the Contractor may issue to his staff or workmen or post about the Site in compliance with such Laws.
The Contractor should be responsible in seeking approval of executing blasting in the area from legal authorities in the District and the Region. Moreover, the Contractor should consult the Authorities to get an approval of where should explosives be put in custody
The Contractor shall submit to the Engineer details of the explosives that he proposes to use and of his proposals for the storage and transport of explosives to the Sites.

Explosives shall be used in accordance with the recommendations of the BS 5607.The Contractor shall use explosives for blasting in connection with the work only at such times and places and in such a manner as the Engineer may approve but such approval shall not relieve the Contractor from his responsibility for injury, loss, inconvenience and annoyance to persons, damage to the work and adjoining structures, consequent to the use of such explosives. The Contractor shall be entirely liable for any accident which may occur and shall hold the Employer harmless and indemnified from all claims arising from such. Where loss, inconvenience, injury or accident is likely to be caused to persons, animals, works, property, places or objects the Engineer shall have power to regulate or prohibit the blasting and in the event of such regulation or prohibition the Contractor shall have no claim against the Employer.

The Contractor shall give warning each time of his intention to blast and shall station men on the roads and elsewhere with flags, horns and whistles and prevent persons, animals and traffic going into or remaining within the danger zone. He shall arrange for control of traffic on the main roads by the police during all blasting operations within 400m of such main roads.
Pipeline runs through farms in settlements and remote areas Blasting might take place in such areas were necessary. The contractor should ensure that communities are notified through; Village Government meetings, posters, public meetings and public addresses
The Contractor's Personnel in charge of blasting operations shall have valid licenses for all types of blasting required including restricted blasting, a copy of which shall be made available to the Engineer.

The Contractor shall provide proper buildings in suitable positions for the storage of explosives to the satisfaction of the Engineer and the relevant Authority. The Contractor shall take all possible precautions and comply with all Laws or other regulations governing the handling and use of explosives including the display on the site of warning notices explaining the procedure to be used in blasting operations, such notices to be displayed in all languages normally spoken by the personnel working on the Site. In carrying out blasting the Contractor shall drill holes to the extent approved and in such number, position and direction and to such lengths and with loading of explosives of such quantity and power and means of detonating as will ensure that the excavation is taken out as neatly as possible to the required profile without shattering the rock remaining or causing

injury to concrete or fill already deposited in the vicinity.

In certain areas it is necessary to restrict blasting in order to protect installations of major significance as follows:

The Contractor shall, whenever he wishes to blast within 400m of any public road, railway line, overhead power line or telephone line, draw this to the attention of the relevant authority concerned and ensure that all conditions imposed by them including attendance by the representatives of such authority are met. In all such cases, he will be required to provide cover to the area to be blasted, to the approval of the Engineer, to prevent damage to these services by flying debris.

The Contractor shall ensure, by limiting the amount of charge/delay or by the use of controlled detonations used at any blasting site, that the peak particle velocity at any existing building, structure or service, does not exceed 50mm/s. The Contractor shall provide a suitable vibrometer and whenever called upon to do so by the Engineer, demonstrate by the use of the vibrometer that the charges he proposes to use comply with these Employer’s Requirements.

Compliance with the restrictions will not, however, limit the Contractor's liability in the event of any damage to any existing building, structure or services.

Notwithstanding any of the above, the Contractor shall cease blasting and continue to excavate in rock by barring, wedging or other approved methods, whenever called upon to do so by the Engineer.

If firing is done electrically, all precautions shall be taken to prevent premature explosions. All men other than the responsible foreman and one skilled man shall be withdrawn to a safe distance before firing wires are connected to the firing cable. The connection of the firing cable to die firing battery shall be the last operation. No charging or firing will be permitted when there are electrical storms or thundery conditions at or near the Site, when the time delay between the flash of lightning and the thunder clap is less than 10s.

After blasting, no personnel shall approach the area until it has been examined by the foreman or other responsible person and in the case of misfires the proper precautions shall be taken.

2.3 Excavated material

Excavated material approved by the Engineer for use as backfill shall be deposited in spoil heaps confined to areas approved by the Engineer.

Topsoil shall be stored separately from the main excavated material and on no account disposed of without the approval of the Engineer.

The Contractor shall remove to tip all surplus excavated material, rubbish and waste matter and provide tips and leaving them with an acceptable appearance, all to the approval of the Engineer.

2.4 Timbering and dewatering of excavations

The Contractor shall carry out timbering in accordance with the recommendations in BS 6031.

All open excavations shall be securely timbered with suitable timber (or alternative form of sheeting other than timber) as may be required and whenever necessary to the satisfaction of the Engineer. Timber shall not be left in the excavations as they are being filled up unless authorized by the Engineer.

Every precaution shall be taken by the Contractor against slips and falls, and the like in the excavations, but if any slips or falls should occur the Contractor shall at once make good the same including all surface restoration and reinstatement. If any such fall or slip disturbs or weakens any foundation or support to the Works or adjacent buildings, pipes, etc., or causes a space to exist outside the new work itself the Contractor shall execute such additional works as the Engineer may require in consequence thereof and fill up the space so caused, with concrete if necessary, as the Engineer may direct.

All excavation shall be kept free from water until construction work is complete and for such time as the Engineer considers necessary to safeguard the Permanent Works. Trenches for pipework are to be kept dry and free of debris until final backfilling.

The Contractor shall provide and operate all pumps and any sumps or temporary drains necessary. Should any damage be caused by prolonged or excessive pumping, making good shall be carried out by the Contractor to the Engineer's approval.

The Contractor shall comply with all instructions of the Engineer regarding the supporting of the sides and dewatering of trenches or pits but shall not be relieved of his responsibilities under the Contract because no objection has been raised to the condition of the work.

2.5 Trenches

2.5.1 Trench widths

Minimum trench widths shall generally be as follows:

	Pipe nominal bore in mm
	Width of trench in mm

	300 and smaller


	Nominal bore + 300



	700 and smaller


	Nominal bore    800



	larger than 700


	Nominal bore + 800


Widths of trenches shall be maintained at the base of the trench and the laid pipeline shall be located centrally in the trench to enable backfill to be effectively placed and compacted below the lower half of the pipe on both sides of the pipe.

At tie-ins on welded pipelines, trenches shall be excavated to a width of not less than 900mm in excess of the minimum widths, to a depth of not less than 750mm below pipe invert level and for a length of not less than 900mm centred on the joint. For pipelines with flexible joints, sufficient space shall be allowed around joints to permit proper making and inspection of joints.

2.5.2 Trench depth

Trenches shall be excavated to the grades and levels shown on the approved drawings and depths shall be so controlled that a uniform depth of bedding underneath the pipeline is ensured.

Trenches shall be excavated and trimmed to a depth of not less than:

i. 150mm below the underside of pipes in the case of flexible pipes with welded or coupled joints;

ii. 200mm below the underside of pipes in the case of flanged pipes or rigid pipes.

These depths shall be maintained for the full width and length of the trench and all stones, rocks or other projections trimmed accordingly.

The Contractor shall advise the Engineer whenever trench bottoms have been excavated and trimmed and are ready for inspection. No trench bottoms shall be covered with bedding material or pipes laid until the inspection has been carried out and the trench bottoms passed. Failure of the Contractor to comply with this clause shall render the Contractor liable to reopen, uncover and reinstate trench bottoms for inspection.

2.5.3 Progress of trenching

Trench excavation shall proceed progressively from each working head and the opening of trenches haphazardly at various points along the route will not be permitted without approval of the Engineer. In particular, the Contractor will not be allowed to pass over hard sections of excavations to proceed with soft excavation at further points along the trench. Trench excavations shall not be carried out further ahead of pipe laying than is required for efficient working and in no case shall this exceed 5km without prior approval of the Engineer.

Where there is a danger of erosion of trenches, the period between excavation of the trench, the pipe laying operation and subsequent backfilling shall be kept to a minimum.

Where rock excavation is continuous, the Contractor may use special rock excavating gangs further ahead of the main excavating gangs. 
At valve chambers and thrust blocks, trench excavations shall be carried straight through and excavations widened and deepened where necessary to allow for the construction of valve chambers and thrust blocks.

2.5.4 Spoil dumps

All excavated material shall be dumped along the sides of trenches either separately or in successive layers according to the nature of the material removed in such a way that backfilling may be facilitated. Spoil dumps shall not unreasonably obstruct the works, traffic or drainage, and all surplus spoil not required for backfilling and restoration shall be removed to spoil dumps during the progress of the work. The maximum gradient of the subsoil and spoil material so shaped, shall not exceed 1:3, the preferred gradient being 1:5. Thereafter these areas shall be covered with topsoil and grassed.

2.6 Backfilling of trenches

2.6.1 General

It is desirable that trenches shall be backfilled as soon as possible after pipe laying to curtail the movements of the pipeline, damage to coatings and flotation of the pipeline should the trench fill with water. At no time shall backfilling lag more than 500m behind the last pipe laid. All specified tests on pipe barrels and joints shall therefore be carried out as soon as possible.

The Contractor may use his discretion as whether to backfill around joints before the pipeline is hydrostatically tested. The Contractor shall be responsible for the location and repair of any leaks on the pipeline under hydrostatic test and no extra payment will be made for any re-excavation and subsequent reinstatement which may be necessary to locate and remedy leaks or for the installation of cathodic protection. Should the Contractor elect to leave joint holes open until after the hydrostatic test, he shall provide effective and approved barricades and fences around each hole for the protection of persons and animals. In built-up areas, barricades shall be clearly marked at night with red warning lights.

2.6.2 Pipe bedding and surround material

Pipe bedding and surround material comprises backfill placed and compacted in trench bottoms up to a level above the pipe crown such that pipes are uniformly supported, centered on the pipe center line, for its full length.

Placing and compaction of the pipe bedding shall be regarded as the most critical phase of the backfilling operation. Backfilling beyond this point shall only proceed after inspection and approval of the completed bedding and surround by the Engineer.

As soon as possible after trench bottoms have been passed by the Engineer, cross berms of compacted bedding material shall be placed over the full width of the trench and of a size and spacing such that the pipe shall be supported at the required level and grade without interference with the placement and compaction of the balance of the bedding material.

Bedding and surround material shall be placed and compacted evenly on both sides of the pipe, compaction to be by hand or mechanical tamping or the bedding may be placed by puddling and compaction by means of poker vibrators. The method adopted shall be subject to the Engineer's approval. Whatever method is adopted and approved, great care shall be exercised at all times to prevent damage to pipe coatings or disturbance of the pipe level and grade by flotation or otherwise. The top of the completed bedding shall form a level surface completely filling the space between the pipe and trench walls including any cavities that might exist in the trench walls.

If compaction is by hand or mechanical tamping, compaction shall be in layers not exceeding 100mm measured in the loose, watered to optimum moisture content and compacted to the required density. The material in the "wedges" formed by the curvature of pipe bottoms shall be compacted by hand punning horizontally and obliquely.

Anodic bedding and surround material shall comply with DIN 50929 Part 3.

2.6.3 Compaction of bedding and surround material

Where compaction of bedding and surround material is required, such compaction shall be to a density of at least 80% of the Maximum Proctor Density. The Contractor shall determine the Maximum Proctor Density for every type of material used by taking representative samples from borrow areas.

2.6.4 Soft trench bottoms

Where trench bottoms are too soft and waterlogged to permit placement and compaction of bedding material in the normal manner, such trench bottoms shall be excavated to a depth of at least 300mm below the underside of pipes and specials for the full width and length of the trench affected.

The full width and length of the trench bottom and at least 500mm height of both sides of trench walls shall be covered with an approved geotextile.

The full width and length of the trench shall then be covered with a 300mm thick layer of coarse gravel, coarse sand or 19 mm nominal size crushed stone, fully compacted within the confines of the filter cloth to take the mass of the pipe filled with water and all loads on the pipe without settlement.

The free drainage layer shall be covered over the full width of the trench by a single layer of approved geotextile with the cloth on trench walls folded over and overlapping to completely seal off the free drainage layer against ingress of sand or fine soil particles.

Pipes shall be laid directly on the prepared drainage layer with the pipe bedding and surround material being placed as specified.

2.6.5 Main backfills
After placing bedding and surround material, the remaining trench depth shall be filled with selected excavated material from the trench with all rocks or boulders exceeding 150mm nominal size excluded.

The backfill shall be placed in the trench in layers not exceeding 200mm measured loose and each layer shall be compacted sufficiently to a density of at least 80% of the Maximum Proctor Density to prevent later settlement. The trench shall be filled to the level to which the topsoil was originally separately removed. The top of the trench shall then be completely filled with the topsoil and compacted up to the original ground level. The top of the trench may be mounded to 150 mm to provide for settlement, provided natural drainage of the ground is not interfered with.

Under road crossings, the backfilling to pipes shall be brought up in 150mm layers, and compacted to a density not less than 95% Maximum Proctor Density. Pipes crossing under roads under construction should be excavated, the pipes laid, and backfilled after completion of the road earth works if the road at that location is in cut. In all cases, pipes should be laid and backfilled in advance of road subgrade processing operations.

Under rail crossings, the backfilling to pipes shall be stabilized with 2% ordinary Portland cement. The backfill shall be brought up in 150mm layers, and compacted to a density not less than 98% Maximum Proctor Density.

Where backfilling is carried out by mechanical plant such as bulldozers, the method of working shall be subject to the Engineer's approval. Heavy plant and equipment shall not be allowed to travel along or across the trench.

Suitable material for backfill shall be moved from any part of the works where there is a surplus to any part where there is deficiency or shall be imported from borrow areas.

As soon as trench backfilling has been completed over any portion of the pipeline all surplus materials and rubbish shall be removed from the site to a dumping site, approved by the Engineer.

Precautions shall be taken to ensure that the natural drainage of the ground is not interfered with, especially where final backfill is left mounded and all necessary cross drains shall be constructed and agricultural drainage berms and contours reinstated as backfilling progresses.

Care shall be taken to prevent erosion of backfill by construction of the necessary diversion banks and drains.

The Contractor shall be responsible for settlement of backfill and erosion of the site up to the time the Defects Notification Period has expired and he shall fill and level any settlement and/or erosion from time to time, as required by the Engineer and at the Contractor's expense.

2.7 Preparation, inspection and blinding of foundations

The faces of excavations shall be clean and trimmed to the required lines and levels. Any parts of the formation inconsistent with the nature and texture of the main formation shall be removed if authorised by the Engineer, and the voids so formed filled with a material and a manner approved by the Engineer.

If any slips or fails occur, the Contractor shall immediately make good the same including surface restoration.

The Contractor shall stop excavation at a minimum depth of 150mm above any final surface to be blinded. The final 150mm of excavation shall not be carried out until the Contractor is ready to protect the final surface with blinding.

The Contractor shall not excavate below the formation level or beyond any exposed faces shown on the drawings. Any over-excavation shall be backfilled with lean mix concrete.

The Contractor shall give due notice to the Engineer whenever any such work or foundation is about to be ready for examination and no further work shall proceed thereon until the Engineer's approval is given.

The Contractor shall at all times afford protection to any exposed formation to obviate deterioration and, where applicable, blinding concrete shall be laid immediately following the Engineer's approval of the formation.

2.8 Foundations and thrust blocks cast against existing ground

Where concrete is to be cast against the existing ground, the excavation shall be neatly excavated to the shape required. Where the foundation is inadvertently over-excavated, the space between the foundation and the soil face shall be backfilled with concrete.

2.9 Fill

All filling shall consist of selected granular material uplifted, placed watered where necessary and compacted in layers not exceeding 250mm thick, watered, to ensure adequate compaction, all to the approval of the Engineer. No filling shall proceed without the approval of the Engineer.

2.10  Reinstatement

The Contractor shall be responsible for the temporary and permanent reinstatement of all roads, fields, paths, gardens, verges and the like, whether public or private, which are affected by his operations.

Immediately backfilling of trenches has been completed, temporary reinstatement of the ground shall take place.

When in the opinion of the Engineer a suitable period has elapsed after temporary

reinstatement has been completed for there to be no further settlement; he shall allow the Contractor to carry out the permanent reinstatement. This shall not in any way relieve the

Contractor of his responsibility for reinstatement and, should any further unforeseen settlement take place, the Contractor will be required to make good the reinstatement.

Permanent reinstatement means that the ground surface shall be restored to its original form and condition.

Any diverted watercourses shall be reinstated in their former positions and topsoil shall be spread where the ground has been stripped.

2.11 Top soiling and grassing

Topsoil for planting grass shall be selected topsoil from approved stockpiles of excavated materials or from stripping from borrow areas or from other approved sources.

The materials shall contain the most fertile loam available and shall be free from excessive quantities of roots, weeds, sticks, stones or other objectionable material.

Areas to receive the topsoil shall be brought to within 150 mm of the prescribed final cross sections and finished ground levels at all points and finished smoothly and uniformly before topsoil is applied.

Topsoil shall be evenly placed and spread over the graded areas in one layer.

The Contractor shall use a temporary sprinkler irrigation system to the Engineer's approval to irrigate the newly planted grass to ensure germination and establishment of plants.

The Contractor shall repair any damage to the slopes or any part of the Works caused by excessive or irregular application of irrigation water.

When the topsoil has been placed on the areas to be planted with grass, levelled and compacted to finished grade it shall be brought to a friable condition by harrowing or other means to a maximum depth of 100mm. All lumps and clods shall be thoroughly broken up.

All grass shall be of the creeping type. Approved grass sprigs shall be planted at 200mm centers both ways on all areas designated by the Engineer. The grass areas shall be watered and maintained until a full grass cover has been established.

2.12  Hardcore

Hardcore shall consist of broken rock, concrete or other approved hard material, clean and free from extraneous matter, having a minimum particle size of 100mm. It shall be spread and levelled, watered and compacted, and then blinded with a layer of fine material of grading 3mm to dust, watered and compacted all to the Engineer's approval.

2.13  Pitching

Stone for pitching shall consist of sound undecomposed rock.

The stone as dressed shall be roughly cubical in shape with minimum dimensions of 150 x 150 x 150mm for a nominal thickness of 150mm pitching or 150 x 150 x 200mm for a nominal thickness of 200mm pitching.

Hard stone boulders may be used for grouted pitching only but the size shall be 300mm minimum diameter for a nominal thickness of 200mm pitching.

For dry pitching the surface to receive the pitching shall be compacted and trimmed to slope covered with a 100mm thick layer of compacted gravel well graded from 19mm to 5mm. The pitching shall be hand laid, interlocked and rammed into the gravel to give an even finished surface. Fill material shall then be rammed into the interstices. 
Grouted pitching shall be constructed as for dry pitching except that the interstices of the pitching shall not be filled with fill material, but shall be choked with large rock spalls. The pitching shall be thoroughly soaked with water, and cement mortar shall be worked into the interstices and smoothed off flush with the pitched face.

2.14  Trial pits

The sides of the pits shall, where deemed necessary by the Engineer for safety purposes, be supported by sheeting or boarding with adequate framing and a ladder shall be provided for inspection purposes.

3 GENERAL SPECIFICATION FOR CONCRETE

3.1 Standard specifications

All workmanship materials, tests and performance concerning reinforced concrete shall, unless otherwise stated in these Employer’s Requirements, be in conformity with the following standard specifications:

BS 8110 

Structural use of Concrete

Part 1: Code of practice for design and construction

Part 2: Code of practice for special circumstances

BS 8007 

Design of concrete structures for retaining aqueous liquids.

BS 5328 
Methods for specifying concrete, including ready-mixed concrete.

BS 6073 

Precast concrete masonry units.

Part 1: Specification for precast concrete masonry units.

5.2 Tolerances for concrete surfaces

Concrete surfaces in the Permanent Works shall not vary by more than the permissible amounts shown below.

Tolerances for concrete surfaces
	Type of

Structure
	Dimension measured
	Tolerance (mm

	
	
	Finish produced

with formwork
	Finish produced

without formwork

	
	
	A
	C
	A
	C

	Buried concrete
	Position

Alignment

Height up to 5m

Thickness

Straightness in 5m

Step Displacement
	± 25

± 15

± 25
± 10

± 15
10
	-

-

-

-

-

-
	± 25

± 15

± 15

± 10

± 10

10
	-

-

-

-

-

-

	Ordinary

exposed

concrete
	Position

Alignment

Height up to 5m

Thickness

Straightness in 5m

Step Displacement
	-
-

-

-

-

-
	20

10

10

5

10

3
	-

-

-

-

-

-
	10

3

-

5

10

0

	Exposed

Concrete (where

Plant is to be

installed),

precast concrete

and screeds
	Position

Alignment

Height up to 5m

Thickness

Straightness in 5m

Step Displacement
	-

-

-

-

-

-
	5

3

5

5

3

0
	-

-

-

-

-

-
	3

2

-

5

3

0

	Flow channels

and measuring

devices
	Position

Alignment

Straightness in 5m

Step Displacement
	-

-

-

-
	3

3

2

0
	-

-

-

-
	3

3

3

0


4 GENERAL SPECIFICATION FOR PIPELINES

4.1 Transport, handling and storage of pipes, specials and fittings

4.1.1 Transport

Pipes and specials shall only be transported on properly constructed or adapted vehicles containing correctly shaped and padded cradles or with strong, sawdust filled bags separating pipes and vehicle body as well as individual pipes from each other.

4.1.2 Handling

Pipes, specials and fittings shall not be subjected to rough handling at any time. Under no circumstances shall they be dropped during loading or off-loading or be allowed to collide with one another. Any materials that have been dropped from a vehicle shall immediately be rejected for use on the Works. The same shall apply for any pipes found defective before laying.

The handling of any pipes exceeding 200kg mass other than by means of a crane is specifically forbidden. The Contractor shall maintain a suitable mobile crane on the Site and shall use it for all loading, unloading, transferring between vehicles and lowering into the trench of such pipes. The crane shall be fitted with a sling of ample width. Wire rope slings or hooks in the ends of pipes shall not be used for pipes or fittings of any diameter or mass
The Engineer shall have the right to reject consignments or stocks of piping from which failed pipes have been drawn, or order them to be pressure-tested outside the pipelines, even though no defects are apparent, if there is reason to believe that mishandling has taken place.

4.1.3 Storage

Pipes shall generally be distributed and stored as close as possible to the laying position in order to minimise double handling. Where pipes are strung alongside the trench, they should be placed on the side away from excavated material.

Where pipes, specials and fittings are to be stockpiled in bulk storage yards, the Contractor shall make his own arrangements for a suitable area which shall meet with the Engineer's approval. The stockpiling area shall be adequately fenced and protected by a lockable gate and a watchman shall be maintained at all times.

Pipes and specials shall be strung or stockpiled on level, well drained ground in a manner such that they will not be in contact with the ground, tree stumps, or other sharp objects. All vegetation and other combustible material shall be completely removed to at least 5m from the nearest pipe or special.

Pipes shall always be supported on a sufficient number of approved soft bolsters to prevent damage or permanent deformation. Pipes shall not be stacked more than two pipes high, each layer separated by bolsters.

Each class and size of pipe shall be stored separately in its own stockpile.

All rubber rings or other materials which will deteriorate under the action of sunlight, ozone or inclement weather, shall be stored in permanent shade in lockable weatherproof sheds. Welding and the running of welding machines and electric machinery shall not be permitted in or near places where rubber or plastic products are stored and care shall be taken at all times to prevent contamination of these products by oil or other petroleum-derived solvents.

All uPVC pipes and fittings shall be continuously protected during storage by covering them at all times with light gauge pale blue polythene sheeting or similar approved material to prevent UV degradation. The height and method of pipe stacking shall be in accordance with the manufacturer's recommendations and such that excessive deformation of the lower pipes is avoided.

Valves shall be stored in orderly groups on prepared floors to prevent damage, distortion or corrosion of flanges or working parts. All metal valves may be stored in the open but full protection shall be afforded to valves with non-metallic seals or working parts. Under no circumstances shall valves be stored in direct contact with the ground.

4.2 Records of materials on Site

The Contractor shall keep and maintain a complete and comprehensive record of each pipe, special and fitting delivered to Site. The record shall at least denote the reference number, size, pressure class, location in the pipeline, date and condition of delivery and the location of delivery and the location of storage. Copies of the record shall be submitted to the Engineer at the end of each month or whenever requested by the Engineer. Where pipes, specials and fittings are delivered without reference numbers, same shall be provided by stencilling, labelling or other methods approved by the Engineer.

4.3 Repairs

4.3.1 General

The Contractor shall be responsible for the repair of all defects in pipes, specials, etc. delivered to and accepted on Site, provided always that no repairs shall be permitted on glass reinforced plastic, prestressed or reinforced concrete pipes and specials without the Engineer's prior approval.

4.3.2 Inspection of pipe coatings

The Contractor shall inspect the coatings and linings of all factory-coated and lined pipes and specials with an approved holiday detector equipped with rolling spring or copper bristle brush electrode operating at 15kV at a nominal pulse frequency of 30Hz.

Areas which cannot be tested whilst pipes are supported on cradles or otherwise, shall be tested whilst pipe is suspended above the trench immediately prior to laying. Defective areas of linings and coatings shall be marked when detected and shall be repaired, to the Engineer's approval, in accordance with the manufacturer’s recommendations. Repaired linings and coatings shall be inspected and re-tested after repair and shall have the same properties as specified for the original ones.

4.4 Maintenance of cleanliness

End covers to pipes and specials shall be kept firmly in position until installation in the trench. The interior surfaces of all pipes, specials, valves and fittings shall at all times be kept free from dust, silt, foreign matter and access for rodents, animals and birds shall be prevented.

Pipes and specials shall not be used as shelters by Contractor’s Personnel or for the storage of garments, tools, materials, food containers or similar goods. Particular care shall be exercised at all times to prevent facial contamination of pipe interiors.

4.5 Setting out

4.5.1 Tolerances

Setting out of the Works shall be performed by an experienced Engineering Surveyor and shall be to the following limits of accuracy:

(a) Pipe centreline

Shall be in straight lines between changes of direction and shall in its final laid position be within 100mm of the plan centreline on the approved drawings.

(b) Pipe invert levels and gradients

In the final laid position, pipe invert levels shall be within 25mm of the invert levels on approved drawings but notwithstanding this tolerance, the same direction of grade as per the approved drawings shall be maintained and the grade shall not be flatter than 1:500.

(c) Positions of fittings, specials and valves

Fittings, specials and valves shall be installed within 5m of the plan position indicated on the approved drawings.

(d) Benchmarks and triangulation points

All levels shall be reduced levels above mean sea level and shall be indicated to the nearest 0.005m. All co-ordinates shall be indicated to the nearest 0.1m. Levelling shall be carried out to an accuracy such that the closing error between benchmarks does not exceed 0.03 times the square root of the distance traversed in kilometres.

4.5.2 Records

Setting-out of the Works shall also include the following duties which shall be performed and kept up to date as pipelaying progresses:

i. accurate determination of as-laid invert levels of the pipeline before backfilling commences;

ii. accurate fixing by triangulation of all changes in direction before backfilling commences;

iii. accurate determination of exact as laid chainages of all specials, changes in direction and/or grade, valves, off-takes, structures, etc., taken along the pipeline before backfilling commences;

iv. the establishment of permanent surface bench marks along the pipeline route at intervals not exceeding two kilometres and accurate levelling of same;

v. the establishment of permanent surface triangulation points along the pipeline route at intervals not exceeding 5km and determination of co-ordinates of same.

Levels and co-ordinates over any section of pipeline backfilled shall be made available to the Engineer on request.

4.6 Laying and jointing of pipes and specials

4.6.1 General

Pipelines shall be laid to straight grades between changes in grade and shall be, within the specified tolerances, to the routes and levels indicated on the approved working drawings.

Pipes shall be laid free from cold stresses. No deflections shall be taken in curvature of pipes. Pipelines with flexible joints may be deflected at the joints. The maximum deflection shall not exceed three quarters of that permitted by the manufacturer. Welded pipelines with bell and socket welded joints may be deflected at the joints. The maximum deflection shall not exceed three quarters of that permitted by the manufacturer. 

Butt-welded pipelines may be deflected up to 11.20 by scarfing equally the ends of the two pipes to be joined so that the maximum scarf in any one pipe is 5.850. Where the total deflection is 30 or less, the scarfing may be made in one pipe end only. Ends to be scarfed shall be carefully and accurately marked and then either machine cut or machine planed. After scarfing all pipe ends shall be thoroughly cleaned before the field weld is carried out. Hand planning shall not be permitted. The minimum gap between pipe end root faces before welding shall be 1.5mm and the maximum gap shall be 3.0mm.

The Contractor shall supply all bolts, nuts, washers, gaskets and other jointing materials for complete installation of pipelines including all specials, fittings, valves, meters etc.

4.6.2 Installation of specials

Bends shall be installed true to line, level and deflection and shall be anchored in concrete where required to counteract thrust. Bends shall normally be supplied with "centre planes" marked with two small punch marks close to both ends of the bends to facilitate correct positioning of the bends in laying.

Tees for air valves shall be installed with branch barrels vertical. Tees for scour valves shall be installed with branch barrels horizontal or at the gradients as indicated on the drawings.

All flanges shall be installed with bolt holes off-centre and symmetrically off-set from the vertical centre lines of the flange. Flanges shall be installed truly square to the axis of the pipe.

Insulated joints shall be provided and installed by the Contractor where specified or instructed by the Engineer. The Contractor shall supply all materials, labour and equipment and shall complete and prove that each insulated joint after installation in the pipeline has a resistance well in excess of the resistance to earth of the pipeline on both sides of the insulating joint.

Dismantling joints shall be installed to facilitate the removal of valves or similar fittings from the pipeline. The Contractor shall supply and install dismantling joints with due regard to their pressure rating and mating flanges. The hydraulic pressure restraining tie-bolts shall be carefully installed to tie the pipework across the dismantling joint. Dismantling joints shall be watertight.

Temporary closure pieces of the same standard, diameter and wall thickness as the pipeline shall normally be jointed with flanges and/or flexible couplings.

Access equal-tees shall be required where butt welded pipelines are to be lined in-situ with concrete. These tees shall be spaced throughout the pipeline in accordance with requirements of lining operations. Tees shall be of the same standard, diameter and wall thickness as the pipeline.

4.6.3 Installation of valves and meters

The mass of valves or meters shall at no time be carried by the pipe, the flange or the coupling and valve chamber floors shall preferably be cast complete with valve stools and supports immediately after the installation of valves and meters. Stools shall not be permitted to carry the mass of a valve until at least 7 days after casting the concrete.

Valves and meters requiring special adjustment after installation shall be adjusted and commissioned by the respective suppliers or agents after installation.

Butterfly valves shall be installed with the blade seal retaining ring facing upstream.

4.6.4 Field welding

All field welding shall only be done by welders who satisfy the requirements of

BS EN 287-1:1992 or API 1104 and who have been tested by an independent testing authority.

Before any welding of pipeline materials commences, the qualification of welders shall have been approved, all detailed welding procedure specifications with weld diagrams required for their completion shall have been submitted for approval in a neat form, and the welding procedure qualification tests shall have been successfully concluded all in accordance with the relevant standard specifications.

Sufficient records shall be kept by the Contractor to ensure that all field welds can be subsequently identified with the welder concerned.

No welding shall be carried out during rain or high wind or under dusty conditions unless the welder, the weld area and the weld are adequately protected and sheltered.

Only welding rods which have been kept dry and uncontaminated shall be used.

Welding rods shall be of a grade and quality such that the chemical composition of weld metal and parent metal is similar.

4.6.5 Steel pipelines

(a) General

The out of roundness at a plane perpendicular to the pipe axis at any point along the pipeline length shall not exceed 4% of the minimum as laid inside diameter (i.e. + 2% of the nominal internal diameter) after completion of the backfilling and with atmospheric pressure inside the pipe.

Out of roundness being measured as the difference between the minimum and

maximum inside diameter of the pipe at a point.

(b) Welded pipelines

Pipes and specials to be joined by field welding shall be supplied with ends beveled for welding. 
Field welding of joints shall conform to BS EN 288-9:1999 or API 1104.

Before welding of joints proceed, pipe ends shall be completely circular and properly mated up by means of backing rings. At least 4 tack welds equally spaced around the pipe perimeter shall be applied to maintain the root gap and position of the pipe for completion of welding. A protective plastic or rubber sheet shall furthermore be placed over the coating adjacent to the joints to protect same from damage caused by welding spatter.

Root welds shall thereafter be carried out followed by successive filler passes, and capper passes, all in accordance with the approved welding procedure. Wherever it is possible to have entry into a pipe, inside welds shall be applied first. The inner weld bead shall not extend more than 1mm into the bore of a pipe or special.

Horizontal weld seams or spiral weld seams at pipe ends shall be placed near the horizontal diameter of the pipe or special and shall be staggered so that the

circumferential distance between longitudinal or spiral welds intersecting the same circumferential butt weld, is not less than 90mm nor more than 130mm apart.

Defects caused by stray welding arc flashes, weld spatter etc. shall be removed by grinding provided that pipe wall thickness are not reduced to less than the specified minimum thickness, otherwise the portion containing the defect shall be cut out and repaired.

During welding of pipes with organic linings, mats of thick rubber felt or other suitable material shall be placed along the pipe invert to protect the pipe lining for the full distance from the point of access up to the point of weld or weld inspection. The mats shall be of sufficient width and shall cover a sufficiently wide area of pipe invert to protect the lining against damage due to access by staff, equipment, inspectors or fall out from arc weld. Workmen shall wear soft rubber soled shoes before entering lined pipes.

Care shall be taken not to stroke arcs on epoxy lined areas and protective tapes, if any, at ends of epoxy lined pipes shall only be removed immediately prior to welding.

Pipes may be welded together alongside the edge of the trench. For factory lined and coated pipes, the maximum length so welded together shall be such that:

i. the pipe can be subsequently stored, lifted or handled without damage to linings or coatings;

ii. the out of roundness at a plane perpendicular to the pipe axis at any point along the pipe length during storage, lifting or handling does not exceed 4% of the minimum inside diameter (out of roundness being measured as the difference between the minimum and maximum inside diameter of the plane at the point);

iii. safe and easy access to internal tie-in welds are assured for staff and

inspectorate with equipment;

iv. the maximum length does not exceed 36m.

Snaking into the trench of butt welded sections of pipe shall be permissible for bare steel pipes, subject to approval by the Engineer of a complete and comprehensive method statement submitted by the Contractor and provided that the out of roundness as defined and measured above during any stage of the snaking operation, does not exceed 4% of minimum internal diameter.

The linings and coatings of pre-lined and coated pipes jointed together outside the trench shall be made good at these joints outside the trench.

(c) Pipelines with flexible couplings

Joints by flexible couplings shall be made only in their final laid position. Before

assembling the joint, care shall be taken to ensure that pipe ends are clean and free from burrs and ridges. Such burrs and ridges shall be removed if present and linings and/or coatings made good where damaged. Pipe ends shall be mated carefully before joints are made. Pipe ends shall be concentric and perfectly lined up and the coupling shall not be relied upon to line up or to support the pipe.

Joints shall be made and couplings assembled to the manufacturer's instructions. Bolts shall be placed with bolt heads alternately pointing in opposite directions. Half of the coupling bolts, equally spaced, shall first be partially tightened up in a regular sequence, using a short spanner. The remaining bolts shall then be similarly tightened. After checking the coupling alignment, the bolts shall then be finally tightened evenly and in a regular sequence by means of a torque wrench.

Where couplings without central registers are used, precautions shall be taken to

ensure that the pipe ends are apart by the same distance as if a coupling with central register had been used and the couplings shall be carefully centred over the pipe ends.

4.6.6 Ductile iron, glass reinforced plastic and prestressed concrete pipelines

Pipes shall only be jointed in the trench, strictly in accordance with the manufacturer's instructions.

Jointing rings and the ends of pipes must be completely free of dirt and grit when the joints are being assembled.

Where recommended by the manufacturer, approved non-toxic lubricant shall be applied evenly over the entire surface of the pipe end. The lubricant supplied shall be used directly from the container and shall not be thinned.

Joint sealing rings shall be installed free from loops and twist shall be evenly compressed around the joint perimeter. The sealing rings shall be in their designed position and the Contractor shall use feeler gauges inserted from the outside of sockets to prove the correct position of sealing rings after completion of each and every joint. Pipes shall be pushed home fully at joints with provision of the gap between pipe ends as recommended by the pipe manufacturer.

Pipes having integral sockets shall be laid with the sockets facing up-stream unless otherwise agreed by the Engineer.

4.6.7 Flanged joints

Flanges shall be truly parallel with all bolts evenly firm before being finally drawn up with torque wrenches to watertightness. Taper gauges shall be used to check that there is a uniform gap before and after final tightening up of bolts. Bolts shall be tightened in an approved sequence with bolts equally spaced and at opposite ends tightened equally first.

The Contractor shall ensure that the correct jointing materials, i.e. gaskets, bolts and nuts are available when required. Only correct diameter and lengths of bolts and studs shall be used.

Flat washers shall be used under all nuts. The length of bolts and studs shall be such that at least two threads protrude from the nut when fully tightened. The threads of bolts, studs and nuts shall be thoroughly cleaned and then coated with a graphite/grease compound immediately prior to assembly.

Flange faces shall be given two coats of an approved bituminous primer before mating. Flanged fittings shall be so installed that there are no stresses induced into the pipework, specials or fittings by forcing ill-fitting units into position or by bolting up flanges with faces not uniformly in contact with their gaskets over their whole faces.

4.6.8 Maintenance of cleanliness during laying

The interior of pipes shall be perfectly clean before being laid and the Engineer may instruct pipe interiors to be cleaned or washed before the pipes are lowered into the trench. All brushes, trowels, welding rod stumps, pieces of mortar, dust and all foreign matter shall be removed from pipes immediately after laying. Once a section of pipeline has been cleaned, it shall be sealed off and shall not be entered again unless permitted by the Engineer in writing.

4.6.9 6.6.9 Night-caps

Metal night-caps shall be used to close off all ends of each laid section of pipework when work is stopped at the end of the day or for longer periods and shall be left on the ends of sections of completed pipework until such sections are tied-in with the remainder of the completed pipeline. The night-caps shall consist of a steel plate welded into a half coupling which must be provided with a sufficient number of lugs to secure the ring and gasket and shall be strong enough to withstand external water and earth pressure in the event of flooding or collapse of earth and the joint shall be watertight.

The Contractor shall also, at his own expense blank-off all air valves, scour valves and offtakes with 6mm thick blank flanges which shall be bolted with at least four bolts to tee flanges or shall be fixed to plain ended tee branches by half couplings welded to the blank flanges.

These shall be watertight and shall not be removed until the valves or other fittings are about to be fitted.

Notwithstanding the use of night-caps, the Contractor shall make good all damage to pipe linings and fittings caused by the ingress of dirty water, silt, sand, debris, vermin, insects and other foreign matter. The Contractor shall clean the interior of the pipeline of such contaminants to the satisfaction of the Engineer.

4.6.10 Prevention of flotation

Pipes to be encased in concrete shall be prevented from flotation during concerning operations. Apart from this special case during concerning operations, the Contractor shall prevent the flotation of pipework due to stormwater or groundwater entering the trench before backfilling has been completed.

Methods adopted to prevent flotation shall not damage coatings or linings and shall be approved by the Engineer. Notwithstanding this the Contractor shall repair all damage to pipework caused by flotation and/or by the methods adopted to prevent it.

4.7 Crossings

4.7.1 General

The Employer shall obtain permission for the crossing of roads and railways from the responsible authorities. All conditions and requirements imposed and/or prescribed by the authorities concerned shall be conveyed to the Contractor who shall be responsible for meeting all such conditions and requirements in carrying out the crossings.

All crossings shall be constructed strictly in accordance with approved drawings.

4.7.2 Stream crossings

Stream crossings comprise all crossings of defined water courses in which water flows or might flow as a result of surface run-off or otherwise.

Stream crossings shall be constructed in steel or ductile iron pipe encased in concrete, all in accordance with approved drawings.

Steel pipes at stream crossings shall have:

i. The wall thickness increased by at least 20% above the required structural thickness;

ii. pipe of increased wall thickness shall extend for the full length of concrete encased zones plus 2m on both sides;

iii. a bitumen-glass fibre coating or a 400m thick fusion-bonded epoxy coating;

iv. all field applied butt welds within concrete encasements to be 100% radiographically inspected.

The top surfaces of concrete encasements or adjacent pipes shall not protrude above natural bed level of streams, nor shall it in any way interfere with water flow or be the cause of bed erosion.

The Contractor shall be responsible for diversion of flow, if any, over or away from the trench and shall dewater the trench immediately before pipe laying and keep it dewatered until completion of backfilling. He shall be responsible for and shall repair at his own expense, foundations, structures or other parts of the Works caused by flooding due to failure of any part of the diversion or protective works or due to any other cause.

The Contractor shall remove cofferdams, other protective works and surplus spoil immediately after having served its purpose and shall reinstate the site to its original condition. Flooding of adjacent land, bed erosion or changes in location of water courses due to the Contractor's failure to comply with this clause shall be made good at his own expense.

5 GENERAL MECHANICAL SPECIFICATION
5.1 Introduction

This section covers workmanship, materials of construction and other miscellaneous items applicable to all items of Plant, together with general requirements for particular items of mechanical Plant. All component parts of the Works shall, unless otherwise specified, comply with the provisions of this section or be subject to the approval of the Engineer.

5.2 Materials and workmanship

All submerged moving parts of the Plant, or the pins and spindles, etc., of the submerged moving parts or the faces, etc., in contact with them shall be of corrosion-resistant metals. All parts in direct contact with various chemicals, shall be completely resistant to corrosion, or abrasion by these chemicals, and shall also maintain their properties without ageing due to the passage of time, exposure to light or any other cause.
Where "stainless steel" is specified or used it shall have resistance to atmospheric corrosion not less than that provided by BS EN 10088, Grade 410 S3. Particular attention shall be made to the prevention of seizure by fretting where two corrosion-resistant metals are in contact, by the selection of materials of suitable relative hardness and surface finish and the application of lubricants. Where bronze is specified or used it shall be zinc-free.

Particular attention shall be paid to the prevention of corrosion due to the close proximity of dissimilar metals. Where it is necessary to use dissimilar metals in contact, they shall be selected so that the bimetallic corrosion is as low as possible.

Workmanship and general finish shall be of first class commercial quality and in accordance with best workshop practice. 
All similar items of Plant and their component parts shall be completely interchangeable. Spare parts shall be manufactured from the same materials as the originals and shall fit all similar items of Plant. Machining fits on renewable parts shall be accurate and to specified tolerances so that replacements made to manufacturer's drawings may be readily installed.

All Plant shall operate without excessive vibration and with the minimum of noise. All revolving parts shall be dynamically balanced so that when running at all operating speeds and any load up to the maximum there shall be no vibration due to lack of balance. 
All parts that can be worn or damaged by dust shall be totally enclosed in dustproof housings.

5.3 Design life

Unless otherwise specified, all items of Plant shall be rated for continuous service at the specified duties under the prevailing atmospheric and operational conditions on site. All materials and Plant shall be designed for long life with a minimum of maintenance and the Contractor may be called upon to demonstrate this for any component either by the service record of similar Plant elsewhere or by records of extensive type tests.

Routine maintenance and repair shall, as far as possible, not require the services of highly skilled personnel.

Except for consumable items such as gland packings, carbon brushes, etc., which normally require replacement more frequently, no part subject to wear shall have a life from new to replacement or repair of less than three years of continuous normal operation and where major dismantling is required to replace a part, such life shall be not less than ten years.

5.4 Welding

Welded parts consisting of steel to BS EN 10113, BS EN 10028 or similar steel shall be welded in accordance with BS EN 1011. Circumferential welds, etc., shall be fabricated and tested in accordance with PD 5500, BS 2633 or equivalent standards where applicable. All joints shall have the plate edges accurately prepared to the appropriate profile for welding. The parts shall then be assembled and accurately checked before welding proceeds. The welding and fabricating procedure shall be such that residual stresses are a minimum and distortion avoided. Special attention shall be given to ensure that distortion does not occur

after machining to affect the alignment and operation of the part concerned.

Welding procedures shall be in accordance with BS EN 288-3:1992. Each unit shall be fabricated and welding completed before final machining or other fitting work is carried out. All fillet welds shall be continuous. Electrodes used shall be low hydrogen type and shall comply with requirements not less than BS EN 499 or equivalent standard for carbon steels, and BS EN 1600 or equivalent standard for stainless steels. Only stainless-steel electrodes shall be used for welding stainless steel. Stainless steel to be welded shall be suitably stabilised.

Heated storage and ovens shall be provided for the electrodes. Only skilled, qualified and tested welders shall be employed. The welders shall be tested in accordance with BS EN 287-1:1992, or another equivalent standard. Detailed records of welding shall be kept, showing the name of each welder against each run in a weld and any welder found to be producing an unacceptable number of defects shall be removed until he has passed the test again.

Where valve bodies, sleeves, etc., are of welded construction all longitudinal butt welds in the shell plates shall be completely radiographically tested. All circumferential butt welds in pipes shall, where possible, have at least 100mm in 1,000mm of their lengths radiographically tested. 

All welds shall be 100% ultrasonically tested. 
Ultrasonic testing shall be carried out in accordance with BS EN 1714:1998 and the Contractor shall propose a standard of acceptance. All fillet welds shall be tested by ultrasonic crack detection, or other approved eans. For all other items of Plant the Contractor shall allow for adequate radiographic examination of the welds. The positions to be examined will be indicated by the Engineer. The "International Institute of Welding Collection of Reference Radiographs of Welds" shall be used as a guide for the interpretation of radiographs and as a basis for comparison regarding the nature and extent of weld defects. The minimum grade for acceptance shall be blue.

5.5 Castings

All cast iron shall be of standard grey close-grained quality to BS EN 1561:1997. The structure of the castings shall be homogeneous and free from non-metallic inclusions and other injurious defects. All surfaces of castings that are not machined shall be smooth and shall be carefully fettled to remove all foundry irregularities.

Minor defects not exceeding 12½% of total metal thickness and that will not ultimately affect the strength and serviceability of the casting may be repaired by approved welding techniques. The Engineer shall be notified of larger defects and no repair welding of such defects shall be carried out without prior approval. If the removal of metal for repair will reduce the stress resisting cross-section of the casting by more than 25%, or to such an extent that the computed stress in the remaining metal exceeds the allowable stress by more than 25%, then that casting may be rejected. Castings repaired by welding for major defects shall be stress relieved after such welding.

Non-destructive tests will be required for any casting containing defects whose extent cannot otherwise be judged, or to determine that repair welds have been properly made.

5.6 Forgings

All major, stress-bearing forgings shall be made to a standard specification that shall be submitted to the Engineer for approval before work is commenced. They shall be subject to internal examination and non-destructive tests for the detection of flaws, and shall be heat treated for the relief of residual stresses. The name of the maker and particulars of the heat treatment proposed for each such forging shall be submitted to the Engineer. The Engineer may arrange for such forgings to be inspected at the place of manufacture with a representative of the Contractor.

5.7 Fixings

Nuts, bolts, studs and washers for incorporation in the Plant shall conform to the requirements of the appropriate British or other approved standard. Nuts and bolts for pressure parts shall be of the best quality bright steel, machined on the shank and under the head and nut. Bolts shall be of sufficient length such that one thread shall show through the nut when in the fully tightened condition.

Fitted bolts shall be a light driving fit in the reamed holes they occupy, shall have the screwed portion of a diameter such that it will not be damaged in driving and shall be marked in a conspicuous position to ensure correct assembly at Site.

Washers, locking devices and anti-vibration arrangements shall be provided where necessary and shall be subject to the approval of the Engineer.

Where bolts pass through structural members’ taper washers shall be fitted where necessary to ensure that no bending stress is caused in the bolt.

Where there is a risk of corrosion, bolts and studs shall be designed so that the maximum stress in the bolt and nut does not exceed half the yield stress of the material under all conditions.

All bolts, nuts and screws which are submerged in water shall be made of nickel-bearing stainless steel.

5.8 Allowance for wastage

The Contractor shall supply as specified and to the satisfaction of the Engineer reasonable excess quantities to cover wastage of those materials which will normally be subject to waste during erection, commissioning and setting to work.

5.9 Lubrication

5.9.1 General

Provision shall be made for suitable lubrication to ensure smooth operation, heat removal and freedom from undue wear. Plant selected shall require minimum lubrication attendance and down time for lubricant change.

The Contractor shall furnish a complete schedule of recommended oils and other lubricants. The number of different types of lubricants shall be kept to a minimum. The schedule and the name of the supplier of the lubricants shall be submitted to the Engineer for approval before incorporation in the instruction manuals. In the case of grease lubricated roller type bearings for electric motors a lithium base grease is preferred.

The Contractor shall supply the first fill of oil and grease from approved lubricant suppliers.

All grease nipples, oil cups and dip sticks shall be readily accessible, being piped to a point as near as practicable to the lubrication point.

5.9.2 Grease lubrication

Where lubrication is effected by means of grease, preference shall be given to a pressure system that does not require frequent adjustment or recharging. Frequent, for this purpose means more than once weekly and grease systems having shorter periods between greasing should be avoided. Where necessary for accessibility grease nipples shall be placed at the end of the extension piping and, when a number of such points can be grouped conveniently, the nipples shall be brought to a battery plate mounted in a convenient position with spacing in accordance with the recommendations of BS 1486 Part 1. Button head type nipples shall be used for normal grease lubrication. (Anti friction bearings requiring infrequent charging shall be fitted with hydraulic type nipples). Where more than one special grease is required a grease gun for each special type shall be supplied and permanently labelled.

5.9.3 Oil lubrication

Oil sumps shall be fitted with oil level indicators of the sight glass type, or where this is not practicable, with dipsticks. The indicators shall show the level at all temperatures likely to be experienced in service. The normal, maximum and minimum levels at 30o C shall be clearly visible in the sight glass type as viewed from the normal access floor to the particular item of Plant, and they shall be easily dismantled for cleaning.

All sight glasses shall be firmly held and enclosed in metal protection in such manner that they cannot be accidentally damaged.

All lubrication systems shall be designed so as not to present a fire hazard and particular care shall be taken to prevent leakage of lubricants and to avoid leaking lubricants coming into contact with any electrical Plant, heated surfaces or any other potential source of fire.

Gear boxes and oil baths shall be provided with adequately sized filling and draining plugs and suitable means of oil level indication.

Roller chain drives shall have oil bath lubrication.

Drain points shall be located or piped to a position such that an adequately sized container can be placed beneath them. Where a large quantity of oil is involved or drainage to a container difficult, a drain valve and plug shall be provided at the point of discharge.

Bearings equipped with force fed oil lubrication shall be automatically charged prior to machinery starting up and pressure monitored during operation with automatic shutdown of machinery and alarm on low oil pressure.

Access, without the use of portable ladders, to lubrication systems shall be such as to permit maintenance, drainage and re-filling, without contamination of the charged lubricant.

The design of breathers shall take into account the humidity and atmospheric contamination at the vent point and measures shall be incorporated to prevent contamination of the lubricant.

The Contractor shall supply flushing oil for each lubrication system when an item of Plant is ready for preliminary running and a sufficient quantity of the approved lubricants for setting to work and for the commercial operation of the Plant for two years after the Taking-Over Certificate has been issued.

5.10 Flanges

5.10.1 General

Unless otherwise specified, all flanged connections of pumps, pipework, valves and other relevant Plant shall have flanges in accordance with BS EN 1092: 1997.

5.10.2 Jointing

All flanged joints shall be made with 3mm thick full-face reinforced rubber insertion gaskets to BS EN 1514-1:1997. During Installation all pipes shall be hung on their respective supports and lined up so that their joint faces are parallel before flanges are bolted together. In making joints, no springing of pipes into position shall be allowed. Joints on flanges that exist or have been installed under other contracts shall be made with the same material and suitable for the flange faces.

5.11  Pipework

5.11.1 Pipework – general

All pipe systems shall be arranged, installed, supported and provided with all necessary means of venting, draining and expansion, all to the approval of the Engineer.

The pipework layout shall be designed so that items of Plant and sections of pipework can be removed without major disturbance to the adjacent pipework. Particular care shall be taken to ensure that pipework thrusts are not transmitted to machinery or associated apparatus. The Contractor shall indicate on his detailed drawings the thrust blocks required to anchor his pipework.

The Contractor shall provide flexibility in the pipework at joints in the main structures and shall submit proposals for the approval of the Engineer. Flexible joints or collars and cut pipes shall be allowed on all pipework where necessary to allow for some margin of error in the building work. Wherever possible flexible joints shall be provided with tie bolts or other means to transfer longitudinal thrust as a whole so that external anchorages may be kept to a minimum. Flexible joints shall also be provided for ease of erection and future dismantling.

All necessary supports, saddles, slings, fixings bolts and foundation bolts shall be supplied to support the pipework and its associated Plant in an approved manner. Valves, meters, strainers and other devices mounted in the pipework shall be supported independently of the pipes to which they connect.

Dead legs shall be avoided but where this is not possible provision shall be made for flushing the pipework. Changes in pipe bore sizes shall be by the use of proprietary fittings or fabricated sections to avoid sudden changes.

Where relevant, formed bends and offsets shall be used and be cold formed in a standard pipe bending machine. They shall have an inside radius of not less than four times the outside diameter of the pipe.

Flushing and drain connections on pipework below 150mm shall be made using proprietary welded fittings with internal parallel threads to BS EN ISO 228-1:2003 which shall be immediately sealed with hexagon headed shouldered plugs and seals. Holes thus made in the pipe shall have burrs removed and be finally pulled through to remove loose particles.

Template or closure pipes shall be provided where necessary to facilitate erection. The design and construction of the template pipes shall be to the approval of the Engineer, and the Contractor will be responsible for establishing the dimensions of the template pipes such that there will be no strain placed on the connected items after installation.

All nuts, bolts, washers, flanges, gaskets, flanged tied adapters, drain valves, special connection pieces, together with all terminal point connection materials shall be supplied under the Contract.

BS stardard or approved equivalent flange adapters shall be fitted where necessary to facilitate the removal of valves, etc. Adequate provision shall be made for anchoring pipes at these joints.

Hydraulic pipework shall be sized to maintain fluid velocities below those specified and provide a safety factor of 4:1 on the design pressure, which shall be taken as 120% of the pump closed valve head.

Pipework for compressed air shall be sized such that the air flow velocity does not exceed 8m/s. To provide adequate condensate drainage, the pipework system shall be run with a horizontal fall of not less than 1 in 50 in the direction of air flow and incorporate drainage points at distances of not less than 30m. Drainage points shall be formed by use of equal tees with a down-pointing leg fitted preferably where changes of direction of flow occur.

5.11.2 Steel pipework

General purpose steel pipework with screwed fittings shall be of galvanised mild steel to BS 1387 heavy grade with fittings of galvanised malleable iron to BS 143 and 1256, having tapered internal and external threads to BS 21.
Steel pipe and fittings over 80mm diameter, shall be carbon steel seamless tubes in accordance with BS EN 10216-1:2002 or welded tubes in accordance with BS EN 10217-1:2002 with pipe sizes to BS EN 10220:2002. Joints shall be flanged.  Pipes shall be fabricated in accordance with BS EN 10224:2002 with welding in accordance with BS 2633 or BS 2971 and BS 4515-1:2000.

After fabrication and machining of flanges all pipework and fittings shall be tested to a test pressure equal to 1½ times the flange pressure rating.

Where pipes are to be joined with sleeves or couplings, a sufficient length of pipe shall be left bare of coating to accommodate the sleeve or coupling.

Plain-ended pipes shall be supplied rounded at both ends. An adequate number of pipes shall be supplied rounded throughout their length so that they may be cut and such pipes shall be clearly marked.

Couplings for use with steel pipes shall comply with BS EN 10224 except where other types of couplings are shown on the contract drawings or specified in other sections of these Employer’s Specification. Components of flexible joints from different manufacturers shall not be used together.

Tests on pipes shall be made in accordance with the relevant British Standard or BS EN 16102015 in the manufacturer's works when required by the Engineer and in the presence of the Engineer.

Two copies of the results of all such tests shall be submitted to the Engineer.

Flanges on steel pipes shall be welded in accordance with BS 2633 or BS 2971 and shall have raised or flat faces. Gaskets for use in flanged joints shall consist of rubber complying with BS EN 681-1:1996. On flat face flanges the gaskets shall extend over the full flange area and on raised face flanges they shall cover the raised face only. No asbestos shall be used on any flange of pipework or fitting carrying potable water.

Steel pipes that are to be welded shall have the ends prepared by the manufacturer to suit the type of welded joint shown on the contract drawings. The pipes shall be free of external and internal coating for a distance of 75mm from each weld line.

After fabrication all welding scale and beads as well as hardened fluxes shall be removed and joints shall be free of pores and as smooth as possible. Where specified all pipes and specials shall then be degreased and grit blasted prior to coating with an approved fusion bonded epoxy coating. The coating shall be tested to ensure the correct thickness and the absence of pores using spark testing equipment.

Bends, branches and other fittings for use with steel pipe shall comply with BS 534 or another approved standard. Calculations for the design of all special fittings shall be submitted to the Engineer before manufacture commences.

Pipes shall be stacked on a firm base using two timber packers only under the barrel of pipes.

Fittings and specials of any type shall be stored in a single layer only. Pipes and fittings shall at all times be adequately protected from damage during transport, storage and handling.

Pipes shall be fitted in the factory with end caps and reinforcement adequate to prevent distortion during transport, storage and handling. Rubber rings and other pipe jointing material shall be stored under cover away from direct sunshine.

5.11.3 Accuracy of work

The fabrication, machining and finish of all pipe lengths shall be such that when assembled either in the shop or on the site, the appropriate tolerances are obtained. Clearance at joints shall be sufficiently small to avoid turbulence, etc., and thus avoid vibration and all moving parts shall operate freely without risk of undue wear or jamming. Finished faces shall be free of any wind or twist.

Pipe dimensions shall conform to the following tolerances:

i. roundness, ± 0.2% on a gauge length of D/4

ii. ovality, ± 0.2% D

iii. step between adjacent strakes, 2.0mm maximum.

iv. straightness, ± 20 minutes

v. line and level, each section shall be set within 2mm of the true line and level.

5.11.4 Cutting pipes

The cutting of pipes for making up lengths shall be carried out by a method that leaves a clean square end. Steel pipes used for cutting shall have been rounded throughout their length and shall be clearly marked as such. Cutting shall be carried out by cutting disc or by oxyacetylene and the cut end shall subsequently be ground to the correct profile for the method of jointing in use.

5.11.5 Welded joints

Line-up clamps shall be designed to prevent tears, scars, or indentations of the pipe walls and keep misalignment of pipes at a minimum. Interior line-up clamps are required for them diameter pipe.

All welding shall be carried out in accordance with specific procedures prepared by the Contractor and approved by the Engineer. Adequate precautions shall be taken to protect welding operations from wind, rain, blowing sand, etc. .

All welders employed on the Works shall be fully qualified and shall have successfully passed all tests required by BS EN 287-1:1992 or API 1104 for the type of work each individual welder does. Welder qualification tests shall be carried out in the presence of the Engineer. The Contractor shall provide all necessary labour, pipe welding materials, and equipment for performing welder qualification tests on site. Arrangements for laboratory tests of coupons, if required, will be made and paid for by the Contractor. The Contractor shall maintain a list of approved welders agreed upon with the Engineer and no other employees shall perform welding operations on the Permanent Works.

Before welding, the pipe ends shall be swabbed with a leather or canvas belt disc to remove dirt, loose mill scale, rust, oil, grease, and other matter which may be injurious to the weld. Cleaning of pipe ends shall be done by power wire brushing and/or grinding. Damaged pipe ends that no longer meet joint specifications shall be re-beveled by a suitable machine. Pipe ends shall be aligned with line-up clamps such that the longitudinal weld seams of the adjacent pipes are staggered by at least 20o. Stringer bead shall be applied by at least two welders welding in opposite quadrants. The number of filler and finish beads shall be in accordance with approved procedures.

Completed weld shall have a substantially uniform cross-section around the entire circumference of the pipe. At no point shall the crown surface be below the outside surface of the pipe nor be raised above the parent metal by more than 1.5mm. All joints on which welding has started shall be completed before the end of each day's work. At night or when work is not in progress, pipe ends of the pipeline shall be securely capped with a suitable cover to prevent the entrance of dirt, small animals, water, and foreign matter into the pipeline. Tie-ins shall be carefully aligned to limit residual and/or reaction stresses after completion of the weld. Tie-ins shall be made within the temperature range of 10o to 30o C. All production welds shall be subject to visual inspection by the Engineer. Visual inspections may be carried out at any stage of the welding of a joint. Each weld shall be clearly marked adjacent to the weld indicating the identification of the welder. Steel die stamping will not be permitted.

Non-destructive testing shall be carried out on all welds, both in the shop and on the site. All longitudinal butt welds shall be radiographically tested. All circumferential butt welds carried out in the shop shall have 10% of their length radiographically tested at positions indicated by the Engineer. Junctions between longitudinal and circumferential welds shall be included in this test. The remainder of the shop and site welds shall be ultrasonically tested throughout 100% of their length. Ultrasonic testing shall be carried out in accordance with BS EN 1714:1998 and the Engineer shall approve the standard of acceptance. 

Where ultrasonic tests indicate a flaw or defect in the weld this shall be examined using radiographic means.

In the case of fillet welds the Engineer may require dye penetrant tests to be carried out on selected welds.

The Engineer retains the right to have cut out and removed one weld only for each welder at no cost to the Employer.

Welds rejected by the Engineer shall be cut out and replaced by the Contractor. If the cut-out weld is found on test not to meet the Employer’s Requirements, the cost of the cutting out and rejoining shall be borne by the Contractor. If the weld is found satisfactory, the cost shall be borne by the Employer.

Welds rejected by the Engineer may, at his discretion, be repaired subject to the following:

i. repairs to the filler weld that would penetrate the stringer bead will not be permitted;

ii. arc burns shall not be repaired by welding, but shall be removed by grinding provided that no reduction in wall thickness is made in excess of 12½% of the nominal wall thickness.

The Contractor shall maintain records of all repairs of whatever nature to pipe and pipeline describing and locating such repairs. 

Welding pipes together which have been cut shall be done with one weld if it is practical to pull the line into position, otherwise, two welds shall be made by setting in a piece of pipe at least 2m in length.

The testing of welds shall be in accordance with the requirements of the International Institute of Welding, Collection of Reference Radiographs. These shall be used as a guide to the interpretation of radiographs and as a basis for comparing the nature and extent of weld defects. The minimum grade for acceptance shall be blue.

5.11.6 Flexible joints

Any flexible joints in steel pipework shall be of the type specified or as shown on the drawings. Flexible joints between pipes having integral sockets shall be formed by a shaped rubber gasket fitted within the socket or by a rubber ring of circular cross section (O-ring) placed on the pipe spigot. The type of flexible joint to be used shall be subject to the approval of the Engineer. Before any joint is made all parts of the joint shall be clean and free from mud, oil, grease or other deleterious matter. Fixed gaskets shall be lubricated strictly in accordance with the manufacturer's recommendations. O-ring gaskets shall not be lubricated.

Components of flexible joints from different manufacturers shall not be used together. After jointing, the position of O-rings shall be tested with a feeler to ensure that they are correctly positioned. If any ring shows a significant departure from a line following a pipe circumference, the joint shall be broken and remade using a new ring. After completing the joint any damage to the protective coating shall be made good.

5.11.7 Flanged joints

Flanged joints shall be made with rubber gaskets and shall be fitted without twist or distortion. Pipes and fittings shall be fully supported so that the flange faces are parallel and concentric. The flanges shall be drawn together uniformly by tightening opposite pairs of bolts in succession and no bolts shall be omitted. The size and number of bolts in flanged joints shall be in accordance with BS EN 1092: 1997 for the pressure rating of the pipeline. Bolt threads shall be coated with an approved paste such as Loctite before use unless otherwise instructed by the Engineer.


5.11.8 Bonding

All flexible, flanged and similar discontinuous joints shall be bonded across the joint to provide electrical continuity throughout each pipeline.

5.11.9 Deviations at joints

The maximum deflection at each joint shall not exceed the following:

i. for any type of flexible joint, three quarters of the maximum permissible deflection stated by the manufacturer;

ii. For welded joints in steel pipework, the deflection shown on the contract drawings. The ends of the pipes shall be cut to suit.

iii. no deviations shall be made at flanged or solvent welded joints.

5.11.10 Gaps for Plant

Where gaps have to be left in pipework for the later installation of items such as valves, the ends of the pipes shall be accurately aligned one with the other across the gap paying strict attention to bolt positions if relevant. The length of the gap shall be accurately determined with the aid of dimensional sketches that shall be submitted to the Engineer before the work is carried out. All gaps left for valves or other items shall include space for a dismantling joint.

5.11.11 uPVC pipework

Unplasticised PVC (PVC-U) pipes shall comply with BS EN 1452. Joints shall be either made with rubber sealing rings or shall be solvent welded as specified. Ferrules, straps and other metal fittings shall be gunmetal.

5.11.12 Small bore pipework

Small bore pipework up to 15mm OD shall be manufactured from stainless steel tubing with suitable compression type fittings. All small-bore pipework and capillary tubes shall be adequately and securely clipped or clamped. Compression fitting bends shall be kept to a minimum, as pulled bends of generous radii are preferred. Compression couplings shall be heavy series to BS 4368. Any gauges, transducers or switches, etc., fed via small bore pipework shall have an individual isolating cock adjacent to each component with adequate space being allowed for component removal for servicing.

5.11.13 Puddle flanges

Puddle flanges shall be fitted to pipes where the structure through which they pass is required to take thrust resulting from the pipe. Puddle flanges shall also be fitted where a water barrier is required. All puddle flanges shall be clearly shown on the contract drawings and the resultant thrust clearly indicated. Puddle flanges shall only be fitted with the Engineer's prior approval.

After the pipework is installed, the Contractor shall seal the ends of all ducts, pipes, or trenches leading into buildings. The seals shall be approved water, gas and fire sealing transit units with appropriate fillers. Insert blocks shall be fitted to duct and trench entries. All steelwork on such transit assemblies and frames shall be hot dip galvanised.

5.11.14 Reference marking

Before dispatch from the manufacturer's works, each pipe section shall be marked with an appropriate reference number for future identification.

5.11.15 Protection of pipework

Immediately after the completion of fabrication at the works or on site and during transport and storage, pipe ends shall be protected from external damage and sealed against ingress of dirt by suitable caps, plugs or other similar means. After cleaning and inspection, machined surfaces of all steel and ironwork shall be covered with preserving fluids of approved types or otherwise protected and all flanges shall be fitted with blank discs bolted to each face.

5.11.16 Branch pipes and bosses

Whenever any small-bore pipework makes a connection into the pipeline system, a boss or branch pipe shall be provided which shall be at least twice the diameter in width and one diameter in thickness of the tapped hole which it contains.

Bosses shall be located at the main pipe horizontal center line and those provided for water sample cocks shall be tapped 38mm (1.5") BSP and have reasonable access for sampling. Bosses provided for instrumentation shall be tapped 25mm (1") BSP with a reducer fitted to suit the small-bore pipework and isolating cock. Unused bosses shall be fitted with blank plugs having a central squared projection for tightening or removal.

Bosses shall be provided for pump performance monitoring. These shall be installed on all pump suction and delivery pipes at least two pipe diameters from the pump flange unless otherwise specified in the Employer’s Requirements. Each tapping shall be provided with a 15mm isolating cock.

5.11.17 Testing pipework

Before testing commences the Contractor shall ensure that all anchor and thrust blocks are complete or that temporary supports have been installed. Thrust from temporary pipe ends or branch pipes shall be adequately strutted and the section under test closed off with stop ends, blank flanges or other closure fittings.

All pipes shall be cleaned before testing by flushing or as agreed by the Engineer.

All tests shall be carried out in the presence of the Engineer and for this purpose the Contractor shall give the Engineer 72 hours’ notice in writing of any pressure tests which he intends to carry out.

Within 24 hours of the completion of any test the Contractor shall submit two copies of a full record of the test to the Engineer. The record shall be in a form acceptable to the Engineer.

The pipework to be tested shall be filled with clean water, making sure that all air is expelled. Mortar lined pipe shall then be kept under nominal working pressure for 24 hours. The pressure shall then be raised to the specified test pressure using a hand operated force pump that is fed from a calibrated tank. The test pressure will depend upon the particular circumstances and will be specified by the Engineer but for general guidance only will be about 1.5 times the maximum sustained operating pressure.

The test pressure shall be held for the period instructed by the Engineer, pumping in water as required from the calibrated tank, and the amount of water used per hour shall be noted. The pressure shall be held for 24 hours and there shall be no loss of water.

5.11.18 Commissioning pipework

Commissioning shall not be commenced until the Engineer has approved the whole of the installation in writing.

5.12 Valves and penstocks

5.12.1 Valves and penstocks – general

Valves shall be specifically designed for use in raw and treated water and in chemical solutions used in water treatment. All valves and penstocks shall be of the sizes shown on the drawings and shall be obtained from manufacturers approved by the Engineer. Where specified, valves shall be fitted with easing screws and a clean-out box in the base.

All valve bodies shall give the following information:

i. manufacturer's name;

ii. hydraulic test pressure;

iii. size of valve;

iv. direction of flow arrow.

5.12.2 Valve access

All valves, handwheels, spindles and headstocks shall be positioned to give good access for operational personnel. Extension spindles shall be supplied wherever necessary to achieve the specified operating requirements.

Valves buried or installed in underground chambers where access to a handwheel would be impractical shall be key operated. It shall be possible either to remove and replace or to recondition seats and gates. Gland packings shall be accessible without removal of the valve from the pipework.

5.12.3 Operation

The operating gear of all valves and penstocks shall be such that they can be opened and closed by one man against an unbalanced head 15% in excess of the maximum service value and any gearing shall be such as to permit manual operation in a reasonable time and not exceed a required operating torque of 150Nm.

All handwheels shall be arranged to turn in a clockwise direction to close the valve or penstock and the direction of rotation for opening and closing shall be indicated on the handwheels. 
Unless otherwise stated the handwheels shall be coated with black plastic and incorporate facilities for padlocking in either the open or closed position.

Headstocks and valves of 50mm, or greater, nominal bore shall be fitted with mechanical position indicators to show the amount which the valve is open or closed in relation to its full travel, i.e. 0.25, 0.50, 0.75, 1.

5.12.4 Materials

Valve bodies, discs and wedges shall be of cast iron, with facing rings, seating rings, wedge nuts and other trim of corrosion resistant bronze, all as specified.

The valve stem, thrust washers, screws, nuts and other components exposed to the water shall be of a corrosion resistant grade of bronze or stainless steel.

Valve bodies and other components of plastic or other non-metallic materials shall be compatible with the medium and of robust industrial design.

5.12.5 Wedge gate valves

All wedge gate valves, unless otherwise specified shall be of the non-rising spindle type and be in accordance with the relevant clauses of BS 5163.

Valves shall have good quality cast grey iron bodies, high tensile brass spindles, gun-metal nuts, wedge gates with gun-metal faces and seats, bronze gland bushes and bonnets fitted with soft packing glands. Valves greater than 400mm diameter shall have detachable bolted covers for inspection, cleaning and flushing purposes.

Valves shall be provided with renewable seats and it shall be possible to remove the gates without removing the valve body from the pipework.

The gate face rings shall be screwed into the gate or alternatively securely pegged over the full circumference.

Unless otherwise detailed on the Contract Drawings, gate valves in chambers, and other similar locations shall be provided with handwheels. Valves which are to be buried in the ground shall be provided with extension spindles, protection tubes, spindle caps, spindle supports and surface boxes.

Valves larger than 400mm diameter and accessible for maintenance shall be fitted with a studded cast iron cover at the bottom of the valve body for inspection, cleaning and flushing purposes.

Where necessary to meet the requirements of Section 2.16.3, gate valves shall be provided with appropriate thrust bearing guides, and/or gearing and/or bypass valves. When reduction gearing is employed, the gear ratio shall not exceed 4:1. Valves of 450mm diameter and above shall always be provided with reduction gearing for manual operation. Valves of 600mm diameter and above shall always be provided with a bypass valve.

Each valve shall be tested in accordance with the requirements of BS 5163 open-ended in each direction.

Where specified, resilient seat type valves shall be provided. The wedge shall have a resilient Nitrile Rubber bonded to the cast iron wedge. The gates of all resilient seal valves of the same size and class shall be completely interchangeable, and be shaped so that the shoulders of the gate seal against the valve bonnet when the gate is fully open. Stem sealing shall be by O rings, which shall be replaceable under pressure with the gate fully raised.

5.12.6 Butterfly valves

Rubber seated butterfly valves shall be airtight when shut-off. Valves shall be suitable for the application/pressures and for mounting in any position and shall comply with BS EN 593:1998, for double flanged valves, except where otherwise specified. All bolts, nuts and other fixings that will be in contact with the contents of the pipelines or, in the case of buried valves within the ground, shall be stainless steel.

Butterfly valves shall be suitable for frequent operation as well as for operation after long periods of idleness in either the open or closed position.

Unless otherwise specified valves shall be hand operated with handwheels driving through 90o gearboxes. The valve body shall be cast grey iron, the flanges and hubs for the shaft bearing housing being integrally cast with the valve body.

The disc shall be ductile iron having edges machined with rounded corners and polished to a smooth finish. The valve disc shall rotate through an angle of 90o from the valve opened to the fully closed position where the seating shall be at an angle normal to the axis of the pipe.

Adjustable mechanical stops shall be provided to prevent over-travel of the valve disc in both the open and closed positions. Particular attention shall be given to the pipework both upstream and downstream of all butterfly valves to ensure that the disc cannot foul the adjacent pipe.

The shaft shall be fabricated of stainless steel. The shaft, disc and mechanical stops shall be capable of absorbing the full operating torque with a minimum design safety factor of five.

Shaft seals, when used, shall be rubber 0-ring type. Packing shall be either rubber O-ring or self-adjusting chevron type.

The valve seat shall be replaceable and formed of nitrile rubber 70/75 IRHD securely clamped into a machined groove in the valve body or to the edge of the disc by seat retention members, or equivalent so as to prevent leakage and to hold the seat securely during operation. The seat retention members shall be of stainless steel and securely clamped with stainless steel fasteners. All fastenings shall be set flush offer the least resistance possible to the flow through the valve.

Valve seats which extend over the face of the flanges to secure the seat in place, or which require surface grinding and/or hand fitting of the disc, or designs which require the adjoining pipe flange to retain the seat in place and resist line pressure, are not acceptable.

Each valve shall be tested in accordance with the requirements of BS EN 593:1998 for body, seat and disc strength tests. Seat and disc strength tests shall be carried out in each direction and the valve shall be drop-tight.

Metal-faced butterfly valves shall generally be as above except:

i. the valves shall have metal to metal seating;

ii. the valves shall be designed for operation in the partly closed, throttled position for long periods;

iii. the valves shall not be of tight shut-off type and the leakage rate shall not be greater than the following figures: 300mm - 0.075 l/s; 500mm - 0.150 l/s; 1200mm - 0.225 l/s.

5.12.7 Non-return valves

Non-return valves shall be installed as shown on the drawings, suitable for the operating condition and where applicable conform to BS EN 12334:2001. Long pattern valves shall generally be used.

Check valves shall possess high speed closing characteristics by use of heavy flaps with external weights where specified but designed for minimum slam condition when closing.

Flaps shall be fitted with renewable bronze or gun-metal sealing faces, which shall mate accurately with renewable bronze on gun-metal seating rings in the valve body. All seating/seals shall be positively located.

Covers shall be provided to allow ample access for inspection, cleaning and servicing and shall be supplied complete with tapped boss fitted with an air release cock.

Valves greater than 500mm diameter shall be provided with lifting eyes, feet and jacking screws.

Hinge pins/shafts and internal fixing devices shall be stainless steel. Hinge pins/shaft shall preferably be square in section to ensure positive location of flaps and provide for secure fixings.

For valves with external levers and adjustable balance weight the hinge pins/shafts shall extend through a renewable sealing gland on the side of the body.

Valve body design shall be such that there is adequate clearance around and at the back of the flap to minimise jamming by rags, solid matter, etc.

Check valves for potable water shall be free-acting type, single-flap or multi-flap with external by-pass and hand operated control valve as necessary. Flaps shall be of design and weight to suit the prevailing hydraulic conditions and shafts shall turn in close fitted low friction bearings.

Each valve shall be tested in accordance with BS EN 12334:2001 or if outside the size of this standard to the form as set out in BS EN 12334:2001 and to the nominal pressure designation/test pressure relationship set out therein or 700kPa for 30 minutes whichever is the greater.

5.12.8 Air release valves

Air valves shall normally be installed at high points in pipework and as shown on the drawings.

The valves shall be capable of exhausting air from pipework automatically when being filled, the air being released at a sufficiently high rate to prevent the restriction of the inflow rate.

The valves shall also automatically release air accumulating in pipework during normal working conditions. Air valves shall be designed to prevent premature closure before all air having been discharged from the line.

Similarly, the valves shall be capable of ventilating pipework automatically when being emptied, the air inflow rate being sufficiently high to prevent the development of a vacuum in the pipelines.

The material of the body and cover shall be cast grey iron.

Air valves shall be of the double orifice type with a large orifice for ventilation or exhaustion of the pipeline and a smaller orifice for automatic release of air under normal working pressure.

The valves shall be suitable for the maximum working pressures in the systems and tested for pressure tightness in steps of 200kPa up to the maximum working pressures and then for mechanical strength at 1.5 times maximum working pressures. All air valves shall be provided with isolating valves and flanged end connections.

The orifice shall be positively sealed in the closed position but the float (ball) shall only be raised by the water and not by a mixture of air and water spray.

The seating shall be designed to prevent the float sticking after long periods in the closed position.

5.12.9 Pressure relief valves

Pressure relief valves shall be designed to prevent the pressure in the pipeline immediately upstream of the valve rising above a preset value. The valve shall remain closed at lower pressures.

Adjustment of the pressure at which the valve opens to relieve pressure shall be made by a screw on the relay valve or by changing weights as appropriate. A pressure gauge indicating upstream pressure shall be incorporated.

5.12.10 Diaphragm valves

Diaphragm valves shall be of the straight-through design with minimal flow resistance and glandless construction conforming to the requirements of BS EN 13397:2002.

The valves shall be made up of two durable body parts and the diaphragm, all interchangeable with replacement parts for easy maintenance.

The diaphragm shall be moulded in a reinforced, flexible material of a grade to suit the specified duty and liquid content of the system. In the open state the diaphragm shall lift clear and not obstruct the flow of liquid. The internal surfaces of the valve body shall also be lined with material compatible with diaphragm duty.

Diaphragm valves shall be completely leak-tight and suitable for pressures up to 10 bar.

The valves shall be operated by handwheel unless otherwise specified on the Contract Drawings. Handwheels shall have adequate leverage to give the closure effort required and a facility to lock in any position.

Where indicated on the Drawings diaphragm valves shall be supplied with extended spindles or extensions for pedestals.

5.12.11 Ball float valves

Ball float valves shall be designed for installation on the inlet pipe to a storage tank and shall automatically shut off when the water reaches a predetermined level. They shall be of the single-beat type with balancing piston and direct float and lever operation.

Valves shall be designed for a working pressure of 1,000kPa. Valves shall be drop-tight when they are held shut by the floating ball. Valves shall be tested for leakage at 1,000kPa when they shall be drop-tight, and shall be tested for body and valve element strength with the valve closed and a test pressure of 1,500kPa applied to the inlet end.

Valves shall be constructed of meehanite cast iron to BS EN 1561:1997 with gun-metal trim to BS EN 1982:1999. The valves shall incorporate rubber faces. The ball float shall be made in tinned copper and the float lever shall be mild steel.

5.12.12 Isolating cocks

For isolation of small-bore pipework tapings for instrumentation, etc., and for individual component isolation, the cocks shall be stainless steel, 0.25 turn ball or plug valves with the operating handle arranged to indicate the open and closed positions. Where specified, means shall be provided for securing the valve body to a front panel or rear surface.

Where corporation cocks are specified, these shall be similar to the above isolating cocks but shall have a detachable key handle for fitting onto a squared operating shaft, the shaft end being marked to indicate the open and closed valve positions.

5.12.13 Penstocks

All penstocks shall be of the rising type unless otherwise specified, and the spindles shall be of adequate size to avoid buckling under load.

All spindle nuts shall be self-aligning and their length shall be not less than twice the spindle diameter.

The top part of the penstock frames shall be sufficiently robust and substantial to prevent the frames bowing and if necessary, additional holding down bolts shall be fitted.

On rectangular penstocks the inverts shall be flush with renewable synthetic rubber seals on the bottom of the doors. The rubber shall be suitable for the application and of an approved type.

Penstocks shall be designed to ensure water tight closure at maximum head encountered in service.

Materials of construction shall be as follows:

stems and spindles

- stainless steel

stem nuts 


- gun metal to BS EN 1982:1999

sealing faces


 - appropriate to the conditions to be met in service

fixing bolts, nuts 

- stainless steel

& washers

Simple templates shall be supplied as soon as possible after approval of drawings to enable the civil contractor to position the holes for holding down bolts for all penstocks over 1.0m square.

5.12.14 Extension spindles and pedestals

Extension spindles shall be adequately sized to prevent buckling and shall be attached to the valve/penstock stem by a suitable adapter incorporating two muff couplings, scarf lap jointed and pinned with at least two coupling joints included. Universal joints and waterproof sleeves shall be provided where specified. Extension spindles shall be manufactured from 080M40 (EN 8) steel.

Intermediate bearing support or guide brackets of cast iron, with slotted holes for site adjustment, shall be fitted to long shafts where necessary. Bearings shall be of PTFE or similar approved type.

Penstock and valve pedestals shall be of cast iron or heavy duty, welded, mild steel construction, with a substantial base and fixing provision. The base and top of the pedestals shall be machined normal to the axis of the drive shaft.

Where necessary, support guide bushes shall be fitted at the base of the pedestal. The pedestal height shall be such that the handwheel is approximately one metre above the operator's floor level.

Covers of an approved type shall be provided for all rising spindles to totally enclose them when in the fully raised position.

5.13 Instruments and ancillaries

5.13.1 General

All instruments, gauges and control gear that perform similar duties shall be of uniform type and manufacture throughout the Works in order to facilitate maintenance and the stocking of spare parts.

Panel mounted instruments shall have damp-protecting and dust-protecting cases. Instruments mounted outside instrument panels shall have weatherproof and dustproof cases.

Instrument cases shall be of corrosion-resistant material or finish. Instrument screws (unless forming part of a magnetic circuit) shall be of brass or bronze. Access to terminal compartments of instruments mounted outside panels or other enclosures shall not expose any working part. Moving parts and contacts shall be adequately protected from the ingress of dust.

Unless otherwise specified instruments shall be finished in the manufacturer's standard color. Instrument dials shall be of such material that no peeling or discoloration will take place with age.

Plant-mounted indicators and gauges shall be sized to give full legibility when viewed from a position with convenient and easy access or from the point at which any operation requiring observation of the gauge is performed. The minimum diameter for any gauge shall be 100mm except where forming part of standard instruments and accessories such as air-sets.

Dials and bezels shall be of bronze and internal components shall be of stainless steel, bronze or other corrosion-resistant material.

Plant mounted in enclosures shall be suitable for continuous operation at the maximum internal temperature possible in service, due account being taken of internally-generated heat and heat dissipated by other Plant. All components shall be rated adequately and circuits shall be designed so that changes of component characteristics within the manufacturers' tolerances shall not affect the performance of Plant. All Plant shall be designed to operate without artificial cooling. Instruments shall be easily withdrawable from cases without interrupting their circuits. Plant provided with anti-condensation heaters shall be capable of operating without damage if the heaters are left on continuously.

Measuring instruments shall have zero and span adjustment.

Instruments not mounted in panels shall be supplied complete with all brackets, stands, supporting steelwork and weatherproof enclosures (separate from the instrument cases) necessary for securing them in their working positions and affording complete protection at all times including periods of servicing, adjustment, calibration and maintenance. Instruments mounted in open areas that could be vandalised shall be mounted in lockable vandal proof boxes.

5.13.2 Mechanical water meters

Mechanical water meters shall be of the in-line helical vane type conforming to the Class B requirements of BS 5728.

Meters shall have flanged spheroidal graphite iron casings to BS EN 1563:1997 coated with two-pack epoxy enamel.

The rotors shall be manufactured from polypropylene with stainless steel shafts.

The counter housing shall be sealed and be provided with a seven figure straight reading digital counter and have a center sweep hand calibrated to give 10% of the smallest unit on the counter per revolution. The units shall be cubic meters or liters, depending on the application.

The counter covers shall be provided with a hinged polyacetal or brass cover to protect the counter face from dirt and damage.

The meter shall be flanged to BS EN 1092: 1997 and be supplied complete with a low loss strainer to prevent any large particles in the water from clogging or damaging the meter.

5.13.3 Electromagnetic flow meters

Electromagnetic flowmeters shall comply with the requirements of BS EN ISO 6817:1997. They shall operate on electromagnetic induction principles and give an output signal directly proportional to the liquid rate of flow.

Each meter shall have a stainless-steel metering tube (detector head) and a non-conductive liner suitable for potable water. End connections shall be steel flanged. The detector head shall be complete with corrosion resistant earthing rings and matching flange adapters of the self-locking type suitable for use on the pipes. One flange of the detector head shall be connected to a flanged pipe, while the other shall be connected with the flange adapter to facilitate removal.

The flow meter shall be carefully sited in the process pipework in accordance with BS 5792 and the flow meter supplier's instructions. Particular attention should be paid to the provision of the correct velocity range, earthing rings and the correct number of upstream and downstream clear diameters. A bypass and isolating valves shall be provided to allow the removal of the flow meter for maintenance.

The Contractor shall provide any taper pieces necessary to give the correct velocity range through the flowmeter. The primary flow head shall be suitable for continuous submersion to BS EN 60529:1992 IP68 or better. The maximum depth of submergence shall be three meters. 
The primary flow-head shall have electrodes that may be removed for cleaning or replacement without interrupting the flow.

Plant mounting enclosures for signal converters shall be to IEC 529, standard IP65 or better. Measuring ranges shall be continuously adjustable from 1 to 9.999 meters per second with facility to change to 0.5 to 5.5 m/s for high accuracy measurement of low flows.

For flows between 50-100% of the range, the accuracy shall be better than or equal to ±0.5% of the actual flow rate; for flows between 10-50% of the range accuracy shall be better than or equal to ±0.3% of the actual flow rate; and for flows between 1-10%, accuracy shall be better than or equal to ±0.1% full scale value.

The effects of ambient temperature on the output signals shall not exceed 0.15% per 10o C.

5.13.4  Level meters, switches and indicators

Level transmitters shall be of the float, pressure bulb, displacer, diaphragm or air-bubbler types. Float-operated transmitters shall have counterweights. Floats and displacers of transmitters and switches shall be of corrosion-resistant material or shall be coated with epoxy resin.

Level switches of the buoyancy type shall consist of a mercury switch with changeover action enclosed in a non-corrosive material. A balance weight shall also be incorporated in the switch to counteract the buoyancy effect for the specific gravity of the particular fluid. The connecting cable shall be sealed into the switch.

Buoyancy switches shall be installed with a minimum of two meters of spare connecting cable neatly coiled at a supporting bracket. The connecting cable fixing shall facilitate any alteration in operating level within the limit of the spare cable.

Level switches operating on the conductivity principle shall have three electrodes per relay or control unit except where a differential between the "cut-in" and "cut-out" values is not required or where two or more relays are associated with the same vessel, when a common "earth" electrode shall be used.

Electrodes for the same vessel shall be mounted on a common plate that shall be made in sections if desirable to facilitate handling. Electrode heads shall permit an adjustment in operating levels of not less than 90mm without necessitating cutting or extending electrodes.

Electrodes shall be of a noble metal to resist corrosion, and shall be insulated for most of their lengths. The thickness of electrodes and points of intermediate support shall be chosen so that no bending of the electrodes occurs under Plant operation conditions. This includes temporary bending.

Relay units operating with level electrodes shall have adjustable sensitivity. Electrodes for use in fluids of low or variable conductivity shall have conductivity discs.

5.13.5 Pressure meters

Pressure gauges shall comply with BS EN 837-1:1998. Pressure gauges, transmitters and switches shall have over range protection. No plastic material shall be used in their construction. Internal parts shall be of stainless steel, bronze or approved corrosion-resistant material. Pressure gauges shall have concentric scales.

Where compensation of more than 2% of the instrument span is needed for the difference in level between the instrument and the tapping point, the reading shall be suitably adjusted and the amount of compensation shall be marked on the dial.

5.13.6 Chart recorders

Chart recorders shall have auto-balancing potentiometric or programmable movements and conform to BS EN 61143-1:1994 where applicable and shall be able to pass each test specified in BS EN 60873:1993.

Recording instruments shall have an accuracy of ±0.5% f.s.d. or better and indicating scales and pointers. The pen and a reasonable length of chart shall be visible without opening the case.

Recorder inks and inking systems shall be suitable for use both in highly humid conditions and in air-conditioned environments. Inks of differing colours shall be used for recording two or more quantities on the same chart.

Each recorder chassis shall be easily withdrawable from its housing for chart changing without interrupting its circuits.

Single-pen recorders used for more than one measurement shall have rotary switch selectors with plates engraved to show the identity of the selected measurement.

5.13.7 Electrical indicators and integrators

Indicators for use with analogue signal transmission systems shall comply with BS 89 and have an accuracy class index of 1.0. Indicator movements shall be critically damped (deadbeat).

Indicators for use on more than one circuit shall have rotary switches to select the circuit, with engraved plates to show the circuit selected.

Indicators shall have circular scales or shall be of the vertical edgewise type and shall be designed to avoid parallax error. Scales shall be clearly marked in the specified units and shall comply with BS 3693. All instruments that are mounted on one panel or board, or are in adjacent groupings, shall have similar styles of figures and letters. Dials shall be white with black scales and lettering not subject to fading.

The material for scales shall be such that no peeling or discoloration will take place with age under all environmental conditions.

Major scale marks and numerals shall be of the same size and thickness and shall be separated by not more than twenty-five minor marks. Pointers shall taper to the width of the scale marks.

Integrators shall be of the multi-digit cyclometer type. Each integrator shall have an integral or separate current-to-pulse converter with sufficient adjustment of the pulse rate to avoid the use of any multiplying factor except in integer power of ten. Each integrator shall incorporate an adjustable limiter whereby any input below a preset value is inoperative. Unless otherwise specified, integrators shall have a minimum of eight digits with a decimal point where applicable.

5.14 Chemical dosing Plant

5.14.1 Scope

The Plant covered includes:

i. dry feeders;

ii. bag loaders;

iii. storage hoppers;

iv. dust extraction;

v. solution mixers;

vi. solution tanks;

vii. dissolving tanks;

viii. dosing pumps;

ix. pipework and valves;

x. polyprep units;

xi. chlorination plant.

5.14.2 Materials

As far as possible, materials resistant against the chemicals to be handled shall be used. Where this is impractical, suitable corrosion-resistant coatings shall be applied. Moving parts, chains, electric motors and electrical switchgear shall be suitably enclosed or sealed against the ingress of chemical dust or liquids as appropriate to the working environment. Moving parts in contact with the chemicals must also be wear resistant. Assembly of the unit must be such as to facilitate repairs and the replacement of all parts.

5.14.3 Plant

(a) Dry feeders

The feeders shall be suitable for metering an adjustable mass of powdered or granular material, metered on a volumetric basis. Continuous operation at the maximum specified rate with an ambient temperature of 40oC at the altitude of the works is required.

The rate of feed must be adjustable over a range of 10 to 100% of the maximum dose rate.

The feed mechanisms must be such as to avoid arching and/or caking of the material being fed. A system of protection against damage due to foreign objects entering the feed mechanism or other overload must be provided in addition to electrical overload protection.

The integral chemical storage hoppers must be equipped with a means of

discouraging arching of the chemicals during operation.

(b) Bag loading hoppers

The bag loading hoppers shall have horizontally hinged doors on which a bag of

chemicals is placed and held in position while the lower end of the bag is slit. The open door is to be not lower than 500mm, and not higher than 900mm above finished floor level. When the door is closed the chemicals are discharged into the storage hopper. The door shall be fitted with a suitable seal to prevent the escape of chemical dust during discharge. The bag should be held in such a way as to prevent the whole or sections tearing off and falling into the hopper.

Due note of adjacent working levels must be taken to facilitate use of the bag loaders.

(c) Storage hoppers

The dry feeders shall be fitted with storage hoppers. The hoppers shall be mounted in such a way as to avoid excessive forces being applied to the feeders. Due care must be taken in the selection of materials used for fabrication and fixing of the hopper.

The Contractor is responsible for determining the need for external vibrators or other mechanisms for overcoming arching of the stored chemicals, and providing the necessary Plant. The nature of the chemicals to be stored, the size and shape of the storage hoppers and the ambient operating conditions are to be taken into account. Care must be taken in the design of the Plant not to compact the chemicals stored in the hoppers.

(d) Dust extractors

Dust extractors shall be installed as part of the bag loaders or as separate units fitted to the storage hoppers. The dust extractors shall draw air from the hoppers and pass it through a filter before discharging it to the atmosphere. The filters shall be such that they can be vibrated to release collected dust into the hopper during operation, and also be easily removed for occasional thorough cleaning.

(e) Solution mixers

The dissolution of chemicals (alum) and suspension of lime shall be achieved by

hydraulic means wherever possible. Where this is impractical, electrically-driven

mixers shall be provided and shall be sized such as to provide adequate mixing.

Mixers shall be mounted in such a way as to minimise possible contact of the solution being mixed with the motor, gearbox (if any) and electric controls. The unit should be such as to be easily removed or repositioned during cleaning operations.

(f) Solution tanks

Corrosion resistant materials shall be used. Pipework connections to the tank shall be such as to avoid excessive stress in the wall of the tank or fatigue failure. Where it is intended that a mixer be mounted on the tank, the mounting points must be designed for the purpose. All tanks shall be fitted with a drain to facilitate cleaning of the tanks. Solution tanks shall be securely fixed to the working platform.

(g) Dosing pumps

Pumps to meter and deliver chemical solutions to points of application shall be either diaphragm or piston pumps. The pump shall be capable of stroke adjustment from 10% to 100% while the pump is in operation. Variability of the delivery flow for a particular setting shall be not greater than 2.5% and the stroke adjustment mechanism shall be graduated clearly to facilitate setting. The instantaneous flow delivered to the dosing point is not to vary by more than 10% of the average flow due to pulsation action of the pump, over the full working range of flow settings.

The position and assembly of the pump head should be such as to facilitate routine maintenance and cleaning.

The facility to gang several pump heads in one unit is essential.

The pump system shall include flushing and drain connections.

(h) Pipework, valves and fittings

All pipework, valves and fittings shall be of corrosion resistant materials. Wherever possible, readily available domestic pipe and fittings shall be used. Facilities for routine cleaning of all pipe runs shall be provided.

Where flexible hosing is required, such as lime delivery lines, natural rubber shall be used.

Valves shall be ball or globe valves which can be readily maintained.

Mounting of valves shall be secure so as to ensure that undue forces are not imposed on pipework or plant by regular operation, or occasional "stiff" valves.

(i) Polyprep units

Unit for the preparation of polyelectrolyte or polyamide solutions from powder or

granular stock shall be of such a design as to avoid lumping, clogging and caking. The units should be easily disassembled for cleaning.

Water for use with the units is available from the service water system.

(j) Disinfection plant

The Plant supplied shall be able to use Hydrated Calcium Hypochlorite to be produced in any form.
Two rooms should be provided at the treatment area to function as; chemical store and change room. 
Storage facilities should be constructed according to manufactures specification should be provided 

The chlorination facilities i.e. weigh, monitoring meters, safety gears, mixing graduated containers should be supplied and they should be stored in a cabinet to be provide in a changing room next to the chemical storage room
Mixing Chambers should be constructed and they should provide maximum security to users and any wild that might break into the area
Waste facilities for chemicals by product should as well be provided. 

5.14.4 Degree of mixing

The mixers shall be designed to give a turnover rate of at least four times per hour. Control shall be manual.

5.14.5 Vertical shaft fixed platform mixers

All components of the mixer shall be of rigid design. Particular care in the design to provide hydraulically balanced operation. Stresses in all members shall be limited to ensure 100,000 working hours without danger of fatigue failure due to the cyclic nature of the loads.

5.14.6 Mixer blades

The mixer blades shall be self cleaning as far as possible.

5.15  Filters

5.15.1 Filter units

Rapid gravity sand filters shall be sized to filter the total flow at an upper filtration rate of 5.7m/h and a minimum filtration rate of 2.5m/h. The filters shall be individually operated and controlled.

Alternatively, dual-media anthracite-sand filters shall be sized to filter the total flow at an upper filtration rate of 10m/h and a minimum filtration rate of 5m/h. The filters shall be individually operated and controlled.

The maximum operating water level shall be less than 1,500mm above the surface of the filter media. Sufficient freeboard shall, however, be allowed to accommodate the maximum design filtration rate.

5.15.2 Filter flow control

The rate of flow through the filters shall be automatically controlled by either a constant or a declining rate flow control device on the outlets from the filters.

For constant flow, a remote control shall also be provided on the main control panel for rate setting with provision for manual operation on each filter unit.

The alternative, declining flow rate control, shall be achieved by means of orifice plates on the outlet line from the filter.

All filter hydraulics shall be designed to ensure uniform distribution of water over individual filter beds during both filtration and during backwashing.

5.15.3 Filter media

Silica sand, of effective size (D10) of between 0.8mm and 1.0mm and an uniformity coefficient (D60/D10) of less than 1.5 is to be used in the filter units. Should dual media filters be used, the sand shall be overlain by crushed anthracite of effective size 1.3mm and uniformity coefficient less than 1.7. The total depth of the filter media shall be at least 900mm

All sand and anthracite shall be hard, durable and free from foreign matter and dust. Care shall be taken in placing the anthracite (if used) to avoid undue crushing of the particles.

The filter media is to rest directly on a false floor in which replaceable screw type nozzles are to be fixed.

Grading, friability and acid loss test certificates of media size grading and description shall be submitted with each batch of media delivered to site. Not less than one such certificate per filter bed volume media shall be provided.

A surplus of media, sufficient for complete recharge of one filter bed, shall be provided.

5.15.4 Filter nozzles and false floor

Filter drainage shall be effected by means of a nozzle system in a false floor on which the media will rest directly. The nozzles shall effectively drain the filtered water and shall facilitate backwashing. Nozzle configuration and spacing shall be such that filtration and backwash water will be evenly distributed vertically and horizontally, and shall be fixed at not more than 150mm centres.

The false floor, support, fixings and edge sealing, shall be deemed to be the responsibility of the filter supplier, and shall be designed to safely resist all forces (both downward and upward).

The filter nozzles shall be made of polypropylene, or equal material, complete with screw and socket which will be embedded in the filter false floor. Each nozzle shall be provided with a lock nut for elevation adjustment and for replacement purposes. The nozzle shall have a hollow stem of not less than 250mm that shall be integral with the head.

The nozzles shall contain vertical slots, evenly spaced around the hollow heads. These slots shall be of exterior width not exceeding the fine 5 percentile size of the sand and widening to the inside of the head. The nozzle stems shall contain 2.5mm diameter holes in the stem below the floor slab and a balancing air slot near the bottom of the stem.

5.15.5 Backwashing

Backwashing shall consist of water and air flows from the bottom to the top of the filter beds.

This shall be applied when head loss is between 80% and 90% of maximum design headloss, or when breakthrough of turbidity or colour is observed. It shall be possible to determine this breakthrough point and to set the filter wash cycle accordingly. A slow start mechanism is not required.

The wash water channels shall be placed with crest levels not less than 500mm above the top of the filter media level and arranged to ensure even collection of washwater, and minimize media loss.

The backwashing procedure for the filters shall consist firstly of closure of inflow and drawdown of water level to the top of the filter media.

Air scour of the filter bed must be provided, or on operator choice, air together with upflow of water shall be applied. Air will shall be closed down and wash water only, shall be applied to allow entrapped air to escape from below the filter floor and out of the media. The wash water upflow shall then be increased and applied for upwards of two minutes and until the effluent is clear. Wash water must then be closed off, evenly, in not less than thirty seconds to ensure

segregation of sand an anthracite layers (where anthracite is used). The wash water channel discharge valve shall then be closed and the filter inlet valve opened when the water level in the filter reaches top water level.

5.15.6 Backwash water

A filtered water supply shall be available from the clear well for backwashing of the filters, one bed at a time. Duty and standby backwash water pumps and associated pipework valves and fitting shall be provided. Filter wash water will be collected for recycle.

5.15.7 Air scour

Duty and standby silent operation air blowers are required together with all pipework, valves and fittings. In addition, silencers shall be provided on inlet and outlet to the blowers to meet the sound dampening requirements.

5.15.8 Filter pipework

The flow velocities through the conduits shall not exceed 3m/s in the case of water nor 10m/s in the case of air. These flow velocities are applicable to all operations during filtration and backwashing.

The air mains shall contain filters and a method to prevent backflow of water into the blowers under all operational and emergency conditions.

5.15.9 Filtration and backwash controls

Automatic control of the filtration, and backwash procedure shall be provided for each filter unit according to the programme outlined above. Initiation of the filtration cycle shall be by means of a push button on the filter console cabinet.

It shall be possible to alter the elements of the time cycle and rates of flow if necessary. A manual override master switch shall be provided with stop/start controls for the whole backwash cycle of each filter.

All console plant for the filters shall be neatly arranged in a free-standing cabinet of attractive but robust, corrosion resistant materials, positioned adjacent to the new filters. The instrumentation required is as specified elsewhere.
6 GENERAL SPECIFICATION FOR TESTING

6.1 Testing during manufacture and/or construction

6.1.1 Testing water for concrete

At the commencement of the Works, the Contractor shall send a sample of the water proposed for concrete and mortar to an accredited laboratory capable of carrying out the full analysis of water in accordance with BS EN 1008:2002: “Mixing water for concrete.

Specification for sampling, testing and assessing the suitability of water, including water recovered from processes in the concrete industry, as mixing water for concrete.”

The sample of water sent for analysis shall be taken in the presence of the Engineer. The results of the analysis shall be submitted to the Engineer.

If the water selected comes from a reliable potable water source the Contractor shall obtain a copy of recent analysis from the Water Examination Laboratory that normally tests water from the source. If the Engineer considers the recent analysis satisfactory then further tests required above need not be carried out.

If the source of water is changed it shall be tested as above. If the water contains over eighty per cent of the maximum permissible concentrations of impurities, it shall be re-tested at two monthly intervals.

6.1.2 Testing cement

(a) Acceptance testing

The testing requirements are detailed in BS EN 196 and BS 4550. The tests that are required for acceptance testing are:

i. fineness;

ii. chemical composition to be within the limits set out in BS EN 197-1:2000;

iii. setting time;

iv. soundness;

v. heat of hydration;

vi. compressive strength.

(b) Compliance testing

When cement is re-tested, the tests to be carried out are iii and vi above.

6.1.3 Testing aggregates

(a) Acceptance testing

Aggregates shall comply with BS EN 12620:2002 “Aggregates for concrete”. The Contractor shall carry out acceptance testing of aggregates from each source. Samples shall be taken in accordance with BS 812-101:1984. The tests shall comprise:

i. grading by sieve tests in accordance with BS 812-103.1:1985 and, where

required, BS 812-103.2:1989;

ii. moisture content to BS EN 1097-5:1999;

iii. petrographic examination to BS 812-104:1994;

iv. flakiness index to BS 812-105.1:1989;

v. shell content of coarse aggregates in accordance with BS 812-106:1985;

vi. chloride content to BS 812-117:1988;

vii. sulphate content to BS 812-118:1988;

viii. acid-soluble material in fine aggregates to BS 812-118:1988;

ix. soundness to BS 812-121:1989;

x. reactivity to BS 812-123:1999.

(b) Compliance testing

The Contractor shall carry out routine testing of aggregates for compliance with the Employer’s Requirements during the period in which concrete is being produced for the Permanent Works. The tests set out below shall be performed on aggregates from each separate source on the basis of one set of tests for each day on which aggregates are delivered to Site provided that no set of tests shall represent more than twenty five tonnes of fine aggregate nor more than five hundred tonnes of coarse aggregate, and provided also that the aggregates are of uniform quality. If the aggregate from any source is variable, the frequency of testing shall be as instructed by the Engineer.

i. grading;

ii. moisture content;

iii. chloride content;

The Contractor shall take account of the fact that when the chloride content is variable it may be necessary to test every load in order to prevent excessive amounts of chloride contaminating the concrete.

6.1.4 Testing pulverised fuel ash

Where pulverised fuel ash is incorporated in a concrete mix, it shall be tested in accordance with BS 3852.

6.1.5 Quality control of concrete production

(a) General

The quality control procedures for concrete production shall comply BS EN 206-1:2000 “Concrete. Specification, performance, production and conformity.”

(b) Sampling

For each class of concrete in production at each mixer for use in the Permanent Works, samples of concrete shall be taken at the point of mixing or of deposition in accordance with BS EN 12350-1:2000.

For each sample of concrete, test specimens shall be prepared in accordance with BS EN 12390-2:2000.

(c) Testing of fresh concrete

The slump of each sample shall be determined at the time of sampling in accordance with BS EN 12350-2:2000.

(d) Testing of hardened concrete

The Contractor shall determine the density of each specimen in accordance with BS EN 12390-7:2000 before testing for strength.

The compressive strength of test specimens shall be determined in accordance with BS EN 12390-3:2002. Where the tensile strength is to be determined, testing shall be in accordance with BS EN 12390-6:2000.

(e) Adjustment to concrete mixes

If the twenty-eight day strength is less than the minimum average strength specified, then the mix shall be adjusted in order to comply. If adjustment of aggregate proportions does not increase the strength, the Contractor shall seek approval from the Engineer to reduce the water cement ratio.

If it is necessary to increase the workability, the use of a plasticity additive may be considered by the Engineer but shall not necessarily be accepted. An increase in cement content will not normally be acceptable.

6.1.6 Control of field compaction

The Contractor shall control the field compaction densities with a fully registered nuclear surface moisture-density gauge that is in a proper working order.

6.1.7 Testing of pressure pipelines

(a) General

Pipelines shall be hydrostatically tested as pipelaying proceeds and after installation of all valves, specials and fittings.

The Contractor shall provide all water, fittings, blank flanges, test pumps, pressure gauges and all necessary labour, tools and materials for the testing of pipelines and pipework.

The length of pipeline to be tested in one operation shall be as approved by the Engineer. The Contractor shall put forward his proposals and programming for testing to the Engineer and obtain his written approval before commencement.

The Engineer will not accept a section of pipework until all requirements regarding tests have been fulfilled. 
Any section of pipework that fails to pass the tests applied shall have the defects made good by the Contractor and a further test carried out.

The Contractor shall inform the Engineer at least twenty-four hours before a length is ready for an inspection or test.

(b) Pressure tests

Pipelines in trenches shall be satisfactorily tested before backfilling over joints and fittings, but after all concrete anchor blocks and surrounds have set. Trenches shall be kept dry until the pipes have been satisfactorily tested.

Test pressures shall generally be 1.25 times the pipeline design pressure for design pressures up to and including 32 bar and 1.1 times the design pressure for higher pressures. Design pressure shall be taken as the maximum pressure to which pipelines might be subjected under all conditions of operation and shall include allowance for transient pressures.

Test pressures over any length or section of pipeline under test, taking possible differences in elevation along the pipeline into account, shall be such that the test pressure at any point along the section is not less than 1.1 times nor greater than 1.25 times the design pressure at these points.

All plumbing (including fixtures) shall be tested at a minimum pressure of 12 bar over a period of 24 hours. No water or pressure loss is allowed over this period. The test will be preceded by a visual inspection of all joints and connections that must be left exposed until the section have been successfully tested and accepted.

The leakage from a pipeline under test, taken as the aggregate quantity of water added over a 24-hour period to reinstate required test pressure, shall not exceed quantities equivalent to the following:

i. glass reinforced plastic, ductile iron and steel pipelines with flexible joints -

1/3,500 of the volume of water in the section under test;

ii. steel pipelines with welded joints - 1/4,000 of the volume of water in the section under test.

The leakage rate at any one joint in the section under test shall not exceed the following:

Q = Allowable leakage in 24 h of pipeline under test in liters/20N

Where Q = Leakage rate in liters/hour

N = Number of joints in section under test

The state of valves during the test shall be as follows:

i. In-line isolating valves open, except where used to isolate a test length.

ii. Scour isolating valves closed.

iii. Off-take isolating valves closed.

iv. Scour sleeve valves open unless no scour isolating valve is provided.

v. Air valve isolating valves open.

vi. Bye-pass isolating valves to in-line isolating valves and reflux-valves closed.

The Contractor shall be permitted to test against a closed in-line isolating valve. He should bear in mind however that valve gates and seals are not expected to close drop tight at differential pressures exceeding the design pressure of the valve. Design pressures of valves shall be equivalent to a pipelines field test pressure. No relaxation of specified leakage rates shall be permitted due to leaks past gates, blades or seals of isolating valves.

The Contractor shall provide an approved test pump, an accurate water meter, sealed pressure gauge and autographic pressure recorder, tested and certified by an independent testing organisation, and all other equipment, materials and labour required for the test.

The section of pipeline to be tested shall be clean and closed off at the ends by isolating valves, end caps or approved end-closure pieces. Free ends shall be firmly strutted against solid supports or thrust blocks designed to withstand safely 2 times the calculated end thrust under maximum test pressure. It shall be incumbent on the Contractor to establish the need for blank flanges or isolating valve flanges in order to limit leakage rates past gates, blades and seals.

Testing water may be introduced at any air valve within the portion of the pipeline under test. A test manifold shall be placed between the selected air valve and its isolating valve. The manifold shall be provided with three branches, each fitted with drop-tight valves. The main branch shall be sized to suit the Contractor's test pump connection. The two smaller branches shall not be less than 12mm nominal bore fitted with heavy duty needle valves and reducers to suit pressure gauge connections. A pressure gauge and a autographic pressure gauge respectively shall be connected to each of the smaller branches. A water meter carrying a valid calibration certificate shall be installed between the pump and test manifold. The Contractor shall accurately determine the reduced level at the autographic pressure gauges and enter this level on the recorder chart. The Contractor shall also enter the reduced level of the highest and lowest invert of the section under test on the recorder chart.

The section of pipeline to be tested shall be slowly filled with clean water of quality to the Engineer's approval, great care being exercised to remove all air from the pipeline.

The section of pipeline under test shall be completely filled with water and kept full for the following periods:

i. not less than 7 days for concrete pipelines;

ii. not less than 3 days for pipelines with concrete or mortar linings;

iii. not less than 1 hour for pipelines with linings other than concrete or mortar linings.

During this initial filling stage, the pipeline joints and all specials, fittings and valves shall be visually inspected for visible leaks and same rectified before proceeding with the test.

After the specified absorption period and with the pipeline full of water, the autographic recorder shall be put into operation at least 15 minutes before pressurization of the pipeline commences. Water shall be added until the required test pressure is reached whereupon the valve on the test manifold shall be closed and sealed. The reading on the water meter shall be recorded.

The pressure shall be maintained for one hour and if a pressure drop occurs, more water shall be added to reinstate the test pressure and the valve closed again. The quantity of water added shall be measured by recording the readings before and after pumping. This procedure shall be repeated for a period of 24 hours, with water added at hourly intervals where necessary to reinstate pressure and water meter readings recorded. At the end of the 24 hours period, the aggregate quantity of water required to reinstate pressure over 24 hours shall be determined.

The Contractor shall give the Engineer 48 hours written notice of his intention to commence pressure testing and the Engineer may attend and supervise all or any part of tests. All records, recording charts and the attached duly completed hydrostatic test certificate shall be handed to the Engineer as soon as tests over any section have been completed.

All valves, specials, fittings and exposed joints, shall be inspected visually during the 24 hours pipeline test and all visible signs of leaks, sweating and distress shall be reported and attended to without delay.

Immediately after completion of the prescribed 24 hours hydrostatic test, all air valves shall be tested in turn before test pressure in the pipeline is released. Each air valve shall be isolated and the drain plug removed. The air valve balls and any actuating linkage shall work freely without restraint. The isolating valve shall be checked for leakage before replacing the plug. Finally, the automatic resealing of the air valves shall be checked by re-opening the isolating valve.

After completion of tests on air valves, the section of pipeline under test shall be completely refilled with water, if necessary, and pressurized to static head shown on the drawings. Each scour valve shall be checked by opening isolating valves and sleeve valves where applicable for a duration sufficient to check the complete opening and closing cycles. If necessary, the pipeline shall be refilled after each individual test and re-pressurized to static pipeline head in order to test all scours within the section under test.

Should the maximum leakage limits as specified be exceeded, the Contractor shall determine the position and cause of the leaks and shall take remedial measures to the satisfaction of the Engineer to stop such leaks and ensure the specified degree of water tightness. Under no circumstances shall penning be permitted as a means for stopping leaks, nor shall the pipeline be allowed to remain under extended period of pressure to allow self-sealing with or without sealing aids in the test water.

On completion of successful tests on all sections of a pipeline, an overall test over the entire length of main shall also be carried out.

(c) Sterilization of water mains

All pipelines for the conveyance of potable water shall be sterilized.

As soon as the whole pipeline has passed a hydrostatic test, test water shall be scoured to ensure a flushing velocity of not less than 1 m/s over the entire length of the pipeline.

Potable water treated with sodium hypochlorite or calcium hypochlorite or chlorine gas to a chlorine concentration of not less than 5mg/l free available chlorine, shall be introduced into the pipeline or section of pipeline to be sterilized. On completion of filling with chlorinated water the chlorine concentration in water sampled at any point along the section of pipeline filled, shall not be less than 3mg/l free available chlorine.

In determining chlorine concentrations, the Contractor shall satisfy the Engineer that the method adopted does measure free available chlorine concentration and not total chlorine residuals, the latter being the easier to determine by means of simple compactors.

Chlorinated water shall be retained for at least 2 hours during which all air valves, inline isolating valves, bypass valves, branch isolating valves and scours shall be operated in order to expose all interior surfaces of these appurtenances to the chlorinated water.

After 2 hours retention of chlorinated water in the pipeline, samples drawn at any point along the pipeline shall contain not less than 0.5mg/l free residual chlorine. Where necessary, additional chlorine shall be injected to maintain chlorine residuals, provided always that the 2 hours minimum retention time with water containing an initial free chlorine residual of at least 3mg/l and a final free residual of not less than 0.5mg/l is maintained.

Samples shall then be taken from a suitable connection and sent for bacteriological examination. The Contractor shall take the samples in the presence of the Engineer.

If the results of the test on the samples show that the water contains any presumptive or typical coliform organisms in 100ml of water the mains shall be re-flushed and the whole sterilization process repeated.

Provided the pH of water used for the sterilization of pipelines can be proved to be less than 7.5 before introduction of chlorine, the retention period of chlorinated water in the pipeline may be reduced from 2 hours minimum to ½ hour minimum.

6.1.8 Tests on non-pressure pipelines

(a) Exfiltration from pipes

(b) Exfiltration from manholes

All pipes leading into a manhole shall be effectively plugged and the manhole shall then be filled with water to the top or to 1.5m above the highest pipe soffit whichever is the less.

If the water level drops by more than 25mm in thirty minutes, the Contractor shall search for, repair the leak and then repeat the test.

(c) Alignment

The alignment of all pipelines having a nominal diameter of less than 300mm shall be tested by drawing through each completed length a mandrel 750mm long and having a diameter 10mm less than the nominal pipe diameter.

Pipelines having a nominal diameter of 300mm and over shall be visually inspected in the following manner:

At one end of a run, a mirror large enough to cover the pipe area shall be set at 450 reflect the sky into the pipe. Alternatively, a floodlight having a white reflector may be used. The pipe run shall be inspected from the other end for straightness and obstructions. If no light can be seen through the pipe, the Contractor shall seek out the cause and correct it.

Large diameter pipelines shall be inspected by personnel entering them and the Contractor shall provide any equipment necessary for doing so.

6.1.9 Testing of water retaining structures

(a) Water tightness test

The Contractor shall test all concrete structures designed to retain water or other liquids after completion for water-tightness. Such testing will not be allowed to begin until the structure has been fully completed and all concrete has reached its specified strength. The Contractor shall make preparations to begin testing as soon as possible after each main structure has been completed.

The tests shall be carried out by filling the structure with clean, disinfected water obtained from an approved source. The Contractor shall be responsible for organizing the supply of water and all costs involved including for water and transport if necessary.

After cleaning to the satisfaction of the Engineer, the structure shall be filled at an approximately uniform rate of increase of water level of not more than two meters in twenty-four hours to the intended top water level.

The water shall be left to stand for seven days, during which period visual examination and readings of water levels shall be taken. To allow for absorption where the structure is constructed of concrete, the level shall be maintained by topping up as necessary for four days. To allow for evaporation, an approved “evaporation tank” of minimum depth 1 m shall be provided by the Contractor and supported inside the structure with its open top above top water level.

The evaporation tank shall be partially filled with water, to approximately the same level as the structure, and the levels monitored during the test period.

After the four days absorption period, no topping up of the structure or the evaporation tank shall be carried out. For the following three days, the water levels in the structure and in the evaporation, tank should be noted at intervals of twenty-four hours. During this period, the outer faces of the structure shall be carefully examined for signs of damp patches. If after allowance for evaporation, the level in the structure is found to have dropped by more than 3mm in any twenty-four hour period, or by more than 9mm overall, or there is excessive evidence of damp, i.e. "wet to the touch” during any time over a continuous twenty-four hour period on the outside faces, then the structure shall be deemed to have failed the test. If after allowance for evaporation, the level in the structure has not dropped by more than 3mm in any twenty-four-hour period, nor by more than 9mm overall, and no signs of excessive damp are visible on the outside faces, then the structure shall be deemed to have passed the test.

If the structure does not satisfy the conditions of the test, and the daily drop in water level is decreasing, the period of test may be extended for a further three days and if the specified limit is then not exceeded the structure may be considered as satisfactory.

Should the structure be deemed by the Engineer to have failed the test, the Contractor shall be responsible for locating the source of leakage and carrying out all necessary remedial work as required by the Engineer to make the structure water-tight. A further test shall then be carried out as before and the procedure shall be repeated until the structure is deemed by the Engineer to have passed the water tightness test.

In reservoirs consisting of more than one compartment, each compartment should be separately tested to the level of the top of the division wall or walls before conducting the test to overflow level.

Roofs to potable water retaining structures shall be tested by the Contractor for water tightness on completion. The Contractor shall flood the roof to a minimum depth of 25mm of water for a period of twenty-four hours. The roof shall be considered satisfactory if no leaks or damp patches show on the soffit.

The structures will not be accepted by the Employer until they have been ascertained to be in a perfectly useable and watertight condition to the complete satisfaction of the Engineer.

No claim for extra payment to the Contractor shall be allowed if for any reason the Engineer is unable to allow filling or emptying to be carried out at the time requested by the Contractor.

The costs of all testing including the provision of water for water-retaining structures shall be deemed to be included in the Contractor's rates for concrete.

(b) Sterilization of structures for potable water

On completion of the test for water-tightness, to the satisfaction of the Engineer, the Contractor shall thoroughly clean the interior of the structure by hosing down the roof, walls, columns, baffle walls and floor with clean, potable water, from an approved source, and remove all debris, soil, silt or other materials.

After the structure has been cleaned as described, to the satisfaction of the Engineer, the Contractor shall, when instructed by the Engineer and under the direction of the Engineer, sterilize the structure by chlorination as described below.

The Contractor shall provide a suitable chlorinator (including the provision of the chlorine), which shall be capable of injecting the required concentration of chlorine solution at a steady rate into the structure.

The Contractor shall introduce at least 30mg/l of free chlorine whilst filling the structure to a minimum depth of 100mm.

The Contractor shall then spray all surface areas to the underside of the roof, walls, columns and pipework with the heavily chlorinated water by means of a stirrup pump or similar appliance. A pump that requires petrol or fuel oil for its prime mover shall not be used inside the structure, but at the Engineer's discretion, an electrically driven pump may be used.

On completion of the spraying to the Engineer's satisfaction, the heavily chlorinated water shall be drained out of the structure and each compartment shall be filled with potable water from an approved source, to a minimum depth of 200mm. This water shall then be drained out and the structure filled with potable water to overflow level.

Samples shall be taken as directed by the Engineer after the structure has been full for a period of at least two hours and shall be sent to an approved laboratory for analysis. If the results of the tests show that the water contains any presumptive or typical coliform organisms in a 100ml water sample then meehanite sterilization shall be repeated until the tests show that all pollution has been eliminated.

On completion of sterilization, the Contractor shall close off access to the structure to all personnel, and no further work shall be permitted in areas allowing direct access to the interior of the structure. Should any unauthorised access occur, the Contractor shall determine the extent of the contamination and carry out any additional sterilization measures required.

6.1.10 Testing of Plant and Materials at manufacturer’s works

(a) Waterstops

All waterstops for incorporation into the Works shall be tested at the manufacturer’s works to prove compliance with these Employer’s Requirements.

(b) Reinforcement for concrete

The Contractor shall submit test certificates for all steel reinforcement for incorporation into the Works.

(c) Steel pipes

The welding of each steel pipe length shall be examined ultrasonically and radiographically. Each pipe length shall be subject to a hydrostatic pressure test to 90% of the guaranteed minimum yield stress for the grade of steel used. The thickness, integrity and adhesion of pipe coatings and linings shall be tested.

(d) Pumps

Each pump shall be tested individually with its own motor over its full working range. Each pump shall be tested in accordance with BS EN ISO 9906:2000 “Rotodynamic pumps. Hydraulic performance acceptance tests. Grades 1 and 2.” The tests shall be to grade 1 accuracy and carried out on the test stand at the manufacturer's works.

NPSH3 tests shall be carried out at the guaranteed duty point, at the maximum run out condition and at three points in between.

(e) Valves

Valves shall be tested as follows:

i. body test - 1.5 times the PN rating of the valve;

ii. seat test - 1.0 times the PN rating of the valve.

Double air valves shall be factory-tested to demonstrate drop tight sealing at pressures from 0.5 bar to twice the nominal pressure rating.

(f) Cranes

The crane, and all slings, ropes, shackles and other lifting plant supplied shall be tested by
 the manufacturer at his works. The tests shall be carried out at 125% of Safe Working Load, and Test Certificates shall be supplied.

(g) Electric motors

Detailed load tests shall be carried out on all motors with a rating greater than 37 kW to determine temperature rise, efficiency, speed and power factor, at different loads ranging from no-load to 110% of the continuous maximum rating of the motor. The following tests shall be carried out
:

i. open-circuit test;

ii. short-circuit or locked-rotor test;

iii. losses and efficiency;

iv. voltage or pressure tests;

v. over-speed test;

vi. noise tests;

vii. vibration tests;

viii. Measurement of stator and rotor resistances (where possible);

The procedures stated in the relevant parts of BS 4999 and BS EN 60034 shall apply to the above tests.

The motors shall be tested in accordance with BS 4999 for temperature rise, efficiency and power factor.

High voltage and insulation resistance tests shall be made when the apparatus is hot.

The power and power factor measuring instruments shall be connected in such a position as to allow for all losses in the complete system and not for the motor alone.

(h) Electrical switchgear and motor control gear

The electrical plant supplied under this contract shall be tested to prove compliance with these Employer’s Requirements and with the relevant BS specification where applicable.

High voltage and insulation resistance tests shall be made when the apparatus is hot.

Tests shall include, but not be limited to, the following:

i. HV pressure tests and insulation resistance check;

ii. LV pressure tests and insulation resistance check;

iii. injection test;

iv. shunt trip test;

v. operation of all interlocks and protection devices.

(i) Diesel generating sets

Each set shall be tested for output and performance in accordance with the requirements of BS 649 and BS 5000 Part 99. Tests shall include all function tests, operation of all safety devices, load tests and temperature tests.

(j) Cables

All electrical cables and wiring shall be fully factory tested.

6.2 Tests on Completion

6.2.1 Pre-commissioning tests

(a) Pumping plant

The Contractor shall demonstrate that:

i. the pumps are correctly levelled and bolted down; 
ii. the suction and delivery pipework is watertight;

iii. pump/motor couplings are correctly aligned;

iv. the bearings are clean;

v. any anti-vibration mountings are fitted correctly;

vi. the pumps are lubricated;

vii. the motors are lubricated;

viii. the pump glands are packed;

ix. there is no pipe stress on connections;

x. gland bowl drains are fitted and clean;

xi. the power cabling is complete;

xii. the control cabling is complete;

xiii. the rotating assemblies turn freely;

xiv. any coupling guards are correctly fitted;

xv. the suction and delivery valves are open;

xvi. the pumps are primed and vented.

Each machine shall then be manually started to demonstrate:

i. the correct rotation of the machine;

ii. vibration is within acceptable limits;

iii. gland leakage is not excessive.

(b) Valves and penstocks

The Contractor shall demonstrate that valves and penstocks:

i. have the specified direction of closing;

ii. seal leak-tight;

iii. where appropriate, have properly packed glands that do not leak excessively.

(c) Compressors

6.2.2 Commissioning tests

(a) Pumping plant

(i) Individual pump performance

For each pump, the Contractor shall replicate the factory performance tests at zero flow, with the delivery valve fully open and at least two other points in between. In these tests, the Contractor shall record the following:

i. suction pressure;

ii. delivery pressure;

iii. flow;

iv. frequency;

v. voltage;

vi. current.

The results shall be plotted alongside the factory test results.

With the delivery valve fully open, the Contractor shall demonstrate that the pump is free of cavitation by throttling the suction valve until the onset of cavitation. The flow and net positive suction head required shall be recorded and compared to the factory test results.

(ii) Control and regulation

The Contractor shall demonstrate the correct operation of all controls and regulation sequences for the pumps.

(b) Cranes

The Contractor shall carry out site tests at the safe working load of each crane. The Contractor shall supply the necessary materials for the test load and shall remove the test load from the Site after successful tests have been carried out.

(c) Electrical installations

The entire installation shall be tested and commissioned in accordance with BS 7671:2001 “Requirements for electrical installations. IEE Wiring Regulations. Sixteenth edition.” Prospective Fault Currents (Ipsc) and Earth Fault Loop Impedance (EFLI) shall be measured and recorded at different locations on each installation including at each LV switchboard, distribution board and at the furthest socket outlet from the source on each socket outlet circuit, and at each item of fixed Plant.

Testing and commissioning procedures shall be such as to effectively prove the correct operation of all components and their integration into the systems. The testing shall also prove that the systems function in accordance with the appropriate design criteria.

No plant other than 415/240V lighting supplies shall be energised without the permission of the Engineer. The Contractor shall be responsible for the safety of both plant and personnel from the initial energisation of all plant and until handover.

The results of all tests shall be recorded and inserted into the operating and maintenance manuals.

6.2.3 Trial operation

The Plant shall be operated on completion to the satisfaction of the Engineer over a continuous period of 14 days. The Plant shall at the discretion of the Engineer be divided into sections for the purpose of these tests but each and every section shall be tested for the full period of 14 days continuous operation.

During this period, the Contractor shall monitor:

i. the performance of the raw water pumps;

ii. the performance of the treatment plant in terms of raw water and treated water quality;

iii. the performance of the filters in terms of washing frequency and washwater volumes;

iv. the performance of the clear water pumps.
6.3 Tests after Completion

The Employer will carry out tests after completion for a period of 28 days during the first rainy season following the taking over of the Works. During this period, the Employer will monitor:

i. the performance of the raw water treatment plant; as a whole
ii. the performance of the treatment plant in terms of raw water and treated water quality;

iii. the performance of the filters in terms of washing frequency and wash-water volumes;


�


�A remote control system is not included in the budget


�The whole system will be gravity we might not have any pump


�Cranes might be used by the Contractors in lifting some items but we won’t have such item supplied to the project


�We wont have these facilities


�Not required


�Not required


�7.2 . 7.2.1, 7.2.3 not applicable 


�There is no electrical installations in the plant ? (As per budget)


�For testing the quality who will take sample and analyse them ?
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