
CONSTRUCTION SPECIFICATION
401.  IRRIGATION WELL IN LIMESTONE
 1.
SCOPE
Work shall consist of furnishing all equipment, materials, tools, labor, and transportation and in performing all operations in connection with the satisfactory construction, development, disinfecting, and testing of the irrigation wells. 

The extent of the work is described herein with the understanding that the exact conditions of the subsurface are not completely known prior to commencement of the work.

 2.
LICENSING AND PERMITS
Irrigation wells shall be constructed by a driller licensed by the Commonwealth of the Northern Mariana Islands (CNMI).  Work shall meet all applicable local requirements and the requirements of the current CNMI “Well Drilling and Well Operations Regulations” including revisions by the Division of Environmental Quality.

A CNMI Well Drilling Permit will be applied for and received by the Project Sponsor before construction begins.

 3
MATERIALS
Materials for the irrigation wells shall conform to the requirements shown on the drawings, as specified below and as described in the special provisions.  The well casing, couplings and screens shall be homogeneous throughout and shall be free of visible cracks, holes, foreign materials, or other injurious defects.  They shall also be as uniform in color, density, and other physical properties as is commercially available.  

Casing

Steel well casings shall meet or exceed the requirements specified in ASTM A-589.  Minimum wall thickness shall be 6.4 millimeters (1/4 inch) with welded or screwed external sleeves for the joints.

Plastic pipe casings shall be made of polyvinyl chloride (PVC), and shall conform to the requirements specified in ASTM F-480.  It shall be specifically designed for water well construction, and must be clearly marked by the manufacturer showing: nominal size, type of material, standard dimension ratio (SDR) or Schedule, ASTM designation and the National Sanitation Foundation (NSF) seal of certified approval.

The minimum inside diameter of the casing shall be a minimum of 150 millimeters (6 inches).

Couplings and Joints
All couplings used with plastic well casing shall have a strength equal to or greater than the pipe to which they are attached.  Couplings shall be of a material compatible with the casing and recommended for use by the casing manufacturer.  Threaded couplings for SDR pipe shall conform to the requirements of ASTM F-480.

Joints for well casings shall have adequate strength to carry the load due to the casing length and still be watertight or shall be mechanically supported during installation to maintain joint integrity.  Such mechanically supported casings shall terminate on firm material that can adequately support the casing weight. 
Well Screens

A commercially manufactured PVC well screen shall be installed in all aquifers composed of unconsolidated or partially consolidated sedimentary materials that are weakly cemented or highly fractured.  The well screen shall be of the continuous slot, wire-wound design in order to provide maximum inlet area consistent with strength requirements.  It shall be fabricated by circumferentially wrapping a triangularly shaped wire around a circular array of internal rods or perforated individual channels.  The wire configuration must produce inlet slots with sharp outer edges, widening inwardly so as to minimize clogging.  For maximum collapse strength each juncture between the horizontal wire and the vertical rods will be made by sonic welding.  The slot size will be selected on the basis of a sieve analysis of either the natural water-bearing sediments or the artificially introduced gravel pack material.  The screen diameter, length, and wire shape will be chosen so that the average velocity of the water entering the screen is less than or equal to 30 mm per second (<0.1 feet/sec.) at the desired yield.  The screen shall provide a minimum of 27 percent open area with No. 120 slot openings.  Screens shall have a minimum length of 610 millimeters (2 feet).

Prepacked Well Screens

Commercial prepacked well screens may be substituted for a conventionally installed filter pack if one of the following conditions applies:

(1)
Heaving or caving sands are present;

(2)
the aquifer is silty or fine-grained;

(3)
The well is horizontal or angled;

(4)
or appropriate materials are not available for a conventional filter pack.

Prepacked well screens shall consist of an inner and outer screen, which are completely filled with uniform, well-rounded, pre-washed grains of silica sand of a specified gradation.  The screen slot size shall be based on a sieve analysis of the water-bearing aquifer materials; the slot size shall retain 100 percent of the filter pack's minimum size designation.  No minimum annular space is required for a prepacked well screen if its outside diameter is equal to or less than the casing to which it is attached.

Filter Packs

The filter pack materials shall be washed and screened, and disinfected with a solution of at least 100-mg/L chlorine.  They shall consist of at least 95 percent rounded, dense, siliceous materials with less than 5 percent flat particles (such as mica), earthy or soft materials (such as clay, shale, or anhydrite), or highly soluble limestone or gypsum.  The specific gravity of the filter pack shall be 2.5 or greater.  Where 95 percent rounded materials are unavailable a prepackaged well screen shall be used, or site specific filter packs may be designed by a hydrogeologist or qualified engineer.

4.
INSTALLATION
Alignment

Drilled wells shall be sufficiently plumb and straight to permit satisfactory installation and operation of a pump of the designed size and type to the greatest anticipated depth of setting.  Tests for plumbness and alignment shall be made after completed construction of the well.

The following tolerances shall be maintained by the contractor:

Plumbness:  The maximum allowable horizontal deviation (drift of the well from the vertical shall not exceed two thirds of the smallest inside diameter of that part of the well being tested per 30 meters (100 feet) of depth.

Alignment:  The alignment must be satisfactory for the successful installation and operation of the permanent pumping equipment.

Alignment shall be tested by lowering a section of pipe or a dummy 12 meters (40 feet) in length into the well.  This section of pipe shall move freely throughout the tested interval.  The outside diameter of this pipe or dummy shall not be more than 12 mm (0.5 inch) smaller than the diameter of that part of the casing or hole being tested.

If a dummy is used, it shall consist of a rigid spindle with a minimum of three truly cylindrical rings, each ring being a minimum of 305 mm (12 inches) wide.  The rings shall be located one at each end and one in the center.

Casing

All wells shall have a PVC outer casing surrounding the PVC well casing extending a minimum of 5.5 meters (18 feet) below the ground surface and 460 millimeters (18 inches) above the surface, including those wells cased with plastic.  This PVC outer casing is to reinforce the PVC well casing above ground and to facilitate the placing of a well cap during construction.

In consolidated, non-caving formations, permanent well casing shall extend from a minimum of 460 millimeters (1.5 feet) above the ground surface through the overburden material to a point at least 1.5 meters (5 feet) into sound, uncreviced, consolidated material.

In unconsolidated formations, non-perforated casing shall extend from a minimum of 460 millimeters (1.5 feet) above the land surface to the top of the screen, which should be placed at least 300 millimeters (1 foot) below the known seasonal low water table.  

Well Screen

For the wells in the Kagman Peninsula, Saipan, the 6-meter long well screen will be placed to elevation -4 meters (-13 feet) Mean Sea Level.  The slot size will be a No. 120 slot opening or 3.0 millimeters (0.120 inches).  The pump will be placed a minimum of 1-meter (3 feet) below the well screen.

For naturally developed wells in which the screen is placed in direct contact with aquifer materials, the screen slot size shall be based on the D40 size of the aquifer materials, so that 60 percent of the material will pass and 40 percent will be retained.  The D50 size is acceptable if the water is highly corrosive, or if there is doubt about the reliability of the sample.  For wells in which a filter pack is used, the screen slot size shall be such that 90 percent or more of the filter material is retained.  The length and open area of the screen shall be sized to restrict the entrance velocity of water into the well to less than or equal to 30 mm per second (<0.1 ft/sec).

Well screens shall be plugged at the bottom.

Filter Packs

Filter packs shall be installed in wells where maximum yield is required from a marginal aquifer or the well is drilled using reverse circulation equipment.

The filter pack shall be 100 to 200 millimeters (4 to 8 inches) thick and consist of coarse sand to gravel size material meeting the following size designations or ASTM C-33 Size 7:

Sieve Opening (mm)
Percent Finer than Each


Laboratory Sieve, Weight 


Percent


2.36
(0.093 in)
  0 TO 5

 4.75
(0.187 in)
  0 TO 15

 9.5
(0.374 in)
 40 TO 70

12.5
(0.093 in)
 90 TO 1005

19.0
(0.093 in)
100

Tests for gradation of the gravel-pack material shall be performed according to ASTM C-136.  Samples of the gravel pack, including sieve analysis, shall be approved by the purchaser in advance of delivery and placement.   

The gravel-pack material shall be delivered to the well site on approval of the purchaser.  The material may be delivered in bags or in bulk.  Materials delivered in bags shall be protected from the weather until installed.  Materials delivered in bulk shall be stored on a surface covered with a plastic sheet having a minimum thickness of 0.05-mm (2 mils).  Gravel-pack material that comes in contact with the ground shall not be used, and all materials shall be protected from contamination until installed.

Filter pack material shall extend a minimum of 6.1-meter (20 feet) above the top of the highest screened or perforated section and shall extend through the entire length of the water-bearing formation penetrated by the well.  A watertight seal shall be installed at the top of the filter pack between the permanent surface casing and the production casing.

Filter pack material shall be placed with a 50 mm (2-in) OD tremie pipe from the bottom up in such a manner as to prevent segregation, bridging or inclusion of excess material from the borehole sidewalls.  The pipe shall terminate 1.5 meters (5 foot) above the bottom of the hole or above the level of the filter pack already placed in the hole.  It shall be lifted gradually and sections removed as the level of the filter pack rises.  The top of the tremie pipe shall be fitted with funnel fittings so the filter pack can be shoveled or dumped into the tremie.  Clean water may be mixed with the filter pack to facilitate placement.

The well diameter shall provide for adequate annular space to permit the passage of the tremie pipe(s), including couplings.  The inside diameter of the tremie pipe shall be at least 12 times the diameter of the coarsest pack material if placed by gravity and 10 times if pumped.

The filter pack shall be placed so that the actual volume used can be calculated to within 10 percent.

Provisions shall be made for centering the casing in the filter pack.  Centering guides (centralizers) shall be installed if casing and/or screen assemblies over 12 meters (40 feet) long are installed in drill holes having nominal diameters 50 millimeters (2 inches) or larger than the outside diameter of the casing.  The guides shall be placed at the bottom of the casing and at 6-meter (20 feet) intervals up the hole on an as needed basis, and set in a plane around the casing at 90o or 120o intervals.  Centering guides may be of wood, strap steel, or alloy.  However, to prevent galvanic corrosion, metallic guides shall be of the same alloy as the casing or screen assembly to which they are attached.  Metallic guides shall not be welded to the screens directly, but rather on short sections of blank casing that can be inserted in the screen at the desired interval.

Grouting and Sealing

In constructing and developing a well, measures shall be taken to preserve the natural barriers to ground water movement between aquifers and to seal aquifers or strata penetrated during drilling operations which might impair water quality or result in cascading water.  

The annular space around the casing shall be at least 76 millimeters (3 inches), which shall mean 38 millimeters (1.5 inches) of sealing material around the outside of the casing on all sides.  It shall be filled with neat cement using Type V Portland cement or material meeting the latest revision of NWWA for well sealants to a minimum depth of 8 meters (25 feet).

A positive seal, grouted in place, or packer shall be provided between the casing and the less pervious material overlying the aquifer of artesian wells, and in all aquifers where co-mingling of waters is undesirable.

If a zone is penetrated which is determined or suspected to contain water of quality unsuitable for the intended use, the zone shall be sealed to prevent infiltration of the poor-quality water into the well and the developed portion of the aquifer.

If cement grout is used in sealing, it shall be set in place 72 hours before additional drilling takes place, unless special additives are used which cause it to set adequately in a shorter period of time.

All sealing shall be performed by adding the mixture from the bottom of the annular space toward the surface in one continuous operation using a side discharge tremie tube.  The entire space to be sealed shall be open and available to receive the grout at the time the operation is performed.

If casing diameter is reduced, a minimum of 1.5 meters (5 feet) of overlap shall be required.  The bottom of the annular space between the casings shall be sealed with a packer and the remainder of the annular space will be pressure sealed.

When a pitless adapter or unit is to be installed, the seal shall extend up from the deepest specified depth to within 0.3 meters (1 foot) of the field connection of the adapter or unit.

The casing shall be surrounded at the ground surface by a sanitary surface seal consisting of a reinforced concrete slab a minimum of 160 millimeters (6 inches) thick, which extends at least 1 meter (3 feet) in all directions from the outside of the well boring, continuous with the grout seal and sloping away from the well cap.  The base shall be free from cracks, voids, or other significant defects likely to prevent water tightness.  Contacts between the base and the annular seal, and the base and the well casing, must be watertight and must not cause the failure of the annular seal or well casing. 

If plastic casing is used, care shall be exercised to control the heat of hydration generated during the setting and curing of cement in an annular seal.  Heat can cause plastic casing to weaken and collapse.  Heat generation is a special concern if thin-wall plastic well casing is used, if the well casing will be subject to significant net external pressure before the setting of the seal, and/or if the radial thickness of the annular seal is large.  Additives that tend to accelerate cement setting also tend to increase the rate of heat generation during setting and, thus should be used with caution where plastic casing is employed.

The temperature of a setting cement seal can be lowered by circulating water inside the well casing and/or adding bentonite to the cement mixture, up to 6 percent by weight of cement used.

Dry additives should be mixed with dry cement before adding water to the mixture to ensure proper mixing, uniformity of hydration, and an effective and homogeneous seal.  The water demand of additives shall be taken into account when water is added to the mix.

Foundation and Transition Seals

A packer or similar retaining device, or a small quantity of sealant that is allowed to set, shall be placed at the bottom of the interval to be sealed before final sealing operations begin to form a foundation for the seal.

A transition seal shall be placed in the annular space to separate filter pack and cement-based sealing materials.  A 600 millimeters (2-foot) in length of fine-grained sand shall be placed between the filter pack and the neat cement.

The top of the transition seal shall be sounded to ensure that no bridging has occurred during placement.

Drilling

Only clean, potable water shall be used in drilling fluids whether employed alone or in combination with drilling additives.  All components of drilling fluids must be approved in advance by the Chief, CNMI Division of Environmental Quality.

Whenever there is an interruption of work on the well, such as overnight shutdown, during inclement weather, or period between testing, etc., the well opening shall be closed and secured (by tack welding or other approved means) with a cover designed to insure the public safety, prevent damage to the well, and prevent introduction of unwanted materials into the well.  The Contractor shall be responsible for any objectionable material that may 

fall into the well and any effect it may have on water quality or quantity until completion and acceptance of the work by the Contracting Officer.

Lead, all alloys/materials containing lead, and paints and coatings containing lead or mercury shall be strictly prohibited from introduction into any new or existing water well.
Well Head

The well head shall be equipped as specified in Section 12.

Upon Completion of the well, the Contractor shall install a suitable screwed, flanged or welded cap to prevent any pollutants from entering the well.

Pump

The installation of permanent pumping equipment shall be in accordance with Section 12 and as shown on the drawings.  Wells with installed pumps shall be equipped with a sanitary well seal as specified in Section 12.

Access ports, pressure gages or other openings in the cover shall be sealed or capped to prevent entrance of surface water or foreign material into the well.  Well casing air vents shall have stainless steel, bronze or PVC insect screens with 180o bend as specified in Section 12 or as shown on the drawings.

5.
DEVELOPMENT
Upon completion of the well and before conducting the yield and drawdown tests, the contractor shall develop the well to remove fines, drill cuttings, drilling fluids and additives deposited on the borehole face and in adjacent portions of the aquifer during the drilling process.  Development shall also remove a predetermined finer fraction of the filter pack.  If organic drilling fluids are used, they must be broken down chemically according to the manufacturer’s recommendations before or during development.  

Sand content shall not exceed 10 mg/L when the well is pumped at a discharge rate of 50 percent greater than the anticipated normal production rate of 30 gpm against a total lift of 122 meters (400 feet).  The discharge at particular rates may be held constant for as long as 2 hours.  The test pump shall have no check or foot valve, so that backwashing occurs when the power is shut off.  Any sand damage to the pump is the responsibility of the contractor.  

After development is complete, the accumulated sediment shall be removed from the bottom of the well bore by pumping or bailing.

Development shall continue until the Government Representative or Hydrologist decides that further development is unnecessary.  

6.
DISINFECTION
All water wells shall be disinfected immediately following their construction or repair.  Prior to final disinfection, the well shall be cleaned thoroughly to remove all foreign substances, including grease, soil, sediment, joint dope, and scum.  All pump parts shall be thoroughly cleaned before being placed in the well.  Surfaces of all components above the 

static water level as well as the entire pumping system, and all storage tanks, pipes, faucets, valves, and hydrants must be flushed or washed down with sterilizing solution.  

Commonwealth of the Northern Mariana Islands regulations require that the entire well bore be disinfected, by thoroughly agitating and mixing a solution containing enough chlorine to leave a residual of 100 parts per million throughout the well after a period of 24 hours.  In most cases this can be accomplished with an initial chlorine concentration of 100 mg/L, although variations in water quality can affect the chlorine concentration in the well.

The chlorine solution shall be prepared with either calcium hypochlorite in powdered or tablet form, or sodium hypochlorite in liquid form.  The following equations can be used to calculate the volume of calcium hypochlorite or sodium hypochlorite required to produce a chlorine concentration of 100 mg/L (as published in Groundwater and Wells, Fletcher G. Driscoll, 1986):

Calcium Hypochlorite:

Wt (lb.) = water vol. (gal) X 8.3 lb./gal X 0.0001

sterilant concentration

Sodium Hypochlorite:

Vol. (gal) = water vol. (gal) X 0.0001

sterilant concentration

Notes 

1.  When using the above equations, sterilant concentration should be expressed in decimal form.  For example: percent available chlorine of 5.25% = 0.0525.

2.  Mg/L conversion from trade percentages may be calculated by using the following equation:



mg/L = trade percent X 10,000


Using the above, a 5.25% solution is equivalent to 52,500 mg/L chlorine.

7.
TESTING
The contractor shall arrange for a qualified hydrogeologist or groundwater engineer to oversee the pump test and report to the DEQ on the results.  Pumping tests shall be performed to determine aquifer characteristics, and to determine capacity and placement of the permanent pumping equipment after the well has been developed, flushed and disinfected.  The pump to be permanently installed shall be selected to produce a yield that contains less than 200 PPM of chloride.  

The contractor shall test the pump, generator, discharge piping, valves, meters, and gauges as necessary to assure their proper adjustment and in good operating condition at least 24-hours in advance of the scheduled start of the pump test.  

The 24-hour pump test and the following aquifer recovery test will be performed on each well or all wells together in accordance with the regulations of the CNMI Department of Environmental Quality.  Proper notification shall be made to DEQ; the equipment tested and certified; and the well site must be relatively clean, free of excessive mud and debris, prior to the pump test.  The test shall be started during the regular working hours of the DEQ.

Water pumped from the well shall be discharged onto the surface of the ground a minimum of 30 meters (100 feet) downgradient of the well.  The released water shall not cause flooding or erosion damage to property or structures at the site.

The duration of the pumping test shall be based on local conditions, but shall not be less than 24 hours.  The pumping test shall be run long enough to stabilize drawdown levels at specific field requirements.  Water measurement testing shall measure the water level with an accuracy of 3 millimeters (0.12 inches) and at intervals set forth in the CNMI Well Drilling and Well Operations Regulations.

Elapsed Time
Sampling Interval


0 to 10 minutes
every minute

12 to 30 minutes
every 2 minutes

40 minutes to 1 hour
every 10 minutes

90 minutes to 8 hours
every 30 minutes

 9 hours to 24 hours
every 1 hour


The Theiss nonequilibrium equation shall be used to determine transmissivity and hydraulic conductivity and predict drawdown for a specific yield.

An aquifer recovery test shall be conducted immediately upon the completion of the pump test.  Water levels shall be measured every minute for 60 minutes or every minute until such time as the water level recovers to within 95 percent of its pre-pumping level.  If the aquifer takes more than one hour to recover, measurements shall be made every 10 minutes until such time that the aquifer recovers to 95 percent of its pre-pumping level. 

Flow rates shall be measured through a mechanical flow meter, and recorded at least once every 30 minutes for the first 8 hours of the pump test and every hour thereafter.

Routine water quality testing will be conducted during the course of the pump test.  Chloride, pH, conductivity, and TDS shall be taken at hour 0 and at hours 2, 4, 6, 8, 12, 16, and 24.  Clean clear 500 milliliter plastic bottles shall be used.  Bottles shall be labeled by project name, time and date of sampling, sample number, and person responsible for taking the sample.  In addition, nitrate and total coliform shall be taken at the end of the pump test, placed in specially prepared bottles given by the analytical laboratory and delivered to the laboratory in accordance with the laboratory instructions.  The nitrate and total coliform bottles should be labeled by project name, constituent to be analyzed, time and date of sampling, sample number, and person responsible for taking the sample.

Also at the end of the pumping test in each well, water samples will be taken for pesticide scans; metals, fertilizers, and volatile organic compounds (VOC) based on EPA’s primary drinking water standards.

8.
ABANDONMENT OF DRY HOLE
If a well is permanently abandoned.  The well shall be completely filled in such a manner that vertical movement of water within the well bore is permanently prohibited.  All fluids within a well are to be permanently confined to the specific strata in which they originally occurred.

Abandoned wells shall be completely filled with concrete or other sealing material to within the last 2 meters (6.6 feet) of the surface.  The interval between 1 and 2 meters (3.3 and 6.6 feet) from the surface shall be filled with bentonite.  The last 1-meter (3 feet) shall be filled with naturally occurring soils and the surface mounded to direct flow away from the well bore.

9.
CERTIFICATION
All materials shall be marked in accordance to the referenced ASTM, identifying the manufacturer and indicating compliance with appropriate specifications.  If the material does not bear these markings, a manufacturer’s certification that materials comply with the specifications is required.

10.
ACCEPTANCE
The well will be accepted upon inspection and completion of work in accordance to specifications and the contractor’s submission of a completed NRCS Driller's Documentation sheet, and Commonwealth of the Northern Mariana Islands DNRC well log report that satisfies all requirements of DNRC.

11.
MEASUREMENT AND PAYMENT
Payment for this bid item will be made at the contract unit price on a per well basis after acceptance by the Government Representative and the CNMI Department of Environmental Quality.  Such Payment will constitute full compensation for all labor, equipment, materials, and all other items necessary and incidental to the completion of the work. 

Payment for this item does not include work associated with Section 8, Abandonment of Dry Hole.  In the event work is required in accordance with this section, a contract modification will be negotiated for a new item, Abandonment of Dry Hole, to cover payment for this work. 

Payment for work associated with furnishing and installing permanent pumps in each well and required electrical work to make the wells fully operational is covered under Bid Item 18, Submersible Pump.

12.
ITEMS OF WORK AND CONSTRUCTION DETAILS
Items of work to be performed in conformance with this specification and the construction details therefor are:

a.
Bid Item 17, Irrigation Well
(1)
This item shall consist of drilling, developing, and testing of 3 irrigation wells, No. 1, 2 and 3, including the furnishing and installation of all materials required in accordance with these specifications, all local requirements and as shown on the drawings. 

(2)
This item also includes all work associated with development, disinfection, pump testing, water quality testing and furnishing of information required for obtaining well operating permits.

(3)
For bidding purposes, the depth of each well is estimated to be approximately 70 to 75 meters (230 to 246 feet) and the developed well capacity of each well is estimated at 95 to 114 liters per minute (25 to 30 gpm). 

(4)
The wells shall be located approximately as shown on the drawings.  The exact location of the well hole and elevation of the ground surface will be staked in the field.  Each Well is to be drilled to a depth of minus 3.7 meters (minus 12 feet) Mean Sea Level unless specifically directed otherwise by the Engineer.

(5)
In Section 4, Installation, Well Screen, for the wells in the Kagman Peninsula, Saipan, the bottom of the 6 meter (20 ft) long well screen will be placed at elevation minus 3 meters (minus 10 feet) Mean Sea Level.  The slot size will be a No. 120 slot opening or 3.0 millimeters (0.120 inches).

(6)
In Section 4, Installation, Well Head, the well shall be equipped with a sounding tube.  The tube shall be Schedule 80 PVC pipe with a minimum diameter of 30 millimeters (1.25 inches) and shall be installed form 150 millimeters    (6 inches) above the top of the well seal down to within 30 millimeters (1.25 inches) of the bottom of the filter pack in order to facilitate unobstructed measurement of the depth to the water surface.  The bottom 3 meters (10 feet) of the sounding tube shall consist of a PVC continuous slot well screen with No 60 slots.  The bottom of the screen shall be capped.

(7)
The exposed end of the casing shall be capped immediately following the completion of the testing and removal of the Contractor’s pumping equipment.

B.
Bid Item 18, Submersible Pump, Irrigation Well No. 1, No. 2, and No. 3

(1)
This item shall consist of furnishing and installing submersible pumps in wells, No. 1, No. 2, and No. 3, complete with all necessary motor controls, pipe, valves, and fittings, including the well seal, pressure gauge, pressure control switch, hose bib, all electrical connections to the meter pole as shown on the drawings.

This item also includes furnishing and installation of a meter pole, service receptacle, ground rod, electrical wire and connections or other appurtenances as required to complete the installation and meet local utility requirements.

(2)
Concrete for the concrete well pad shall be in accordance with Construction Specification 32, Concrete Class 3000M.

(3)
The pumps shall be designed for continuous operation at a flow capacity of 114 liters per minute (30 gpm) with a water head of 137 meters (450 feet).  The pump and motor shall have a minimum overall efficiency of 55 % when discharging between 76 liters per minute 

(20 gpm) and 114 liters per minute (30 gpm) with a water head of 137 meters (450 feet) unless approved otherwise by the Engineer.

(4)
The pump manufacturer shall furnish the pump with motor controls suitable for automatic and manual operation.  Automatic operation shall be controlled by feedback from the pressure control switch.  The motor controller shall be rated for a minimum of 150,000 cycles.  The motor controller shall be housed in a weatherproof enclosure and shall be mounted on the meter pole unless otherwise approved by the Engineer.

(5)
The pressure control switch shall be suitable for operation between 100 kPa (15 psi) and 550 kPa (80 psi) with and adjustable deadband range.  The switch shall be designed to open as the pressure rises and close with falling pressure.  The switch shall have a minimum deadband range of 50 kPa (7 psi) and be adjustable down to 20 kPa (3 psi) or less.  Switch performance shall be repeatable within + 1% of the deadband range.  The pressure switch shall be rated for a minimum of 350,000 cycles.  the pressure control switch shall be mounted in a weatherproof enclosure and shall be located as shown on the drawings unless approved otherwise by the Engineer.

(6)
The pump motor shall be 230 volt, 60 hertz and shall be connected to the meter pole in accordance with all local and National Electrical Code regulations.  The power supply circuit shall be equipped with a pole mounted manual switch and be equipped with automatic circuit breakers rated according to the pump manufacturer’s recommendations.

(7)
The submersible pump intake will be installed in wells subject to salt intrusion and shall be manufactured of materials and installed in a manner to minimize salt-water corrosion.  The Contractor shall submit his/her plan for installation of the submersible pumps to the Engineer for review and approval at least 20 days prior to installation.  The plan shall include the submersible pump manufacturer’s name, pump and motor performance specifications, a drawing showing the location and type of check valves, couplings, other pipe fittings, motor/ pump safety cable and wiring details.  The type of materials used in the manufacture of each component.

(8)
The submersible pump intake shall be placed 1.5 meters (5 feet) above the bottom of the well screen unless directed otherwise by the Engineer.

(9)
The lower 6 meters (20 feet) of drop pipe above the pump shall be Schedule 80 PVC pipe.  The remaining drop pipe, for the PVC pipe to the first joint above the well seal shall be galvanized steel.  Except of the drop pipe, all pipe fittings and appurtenances above the wellhead shall be manufactured of PVC or bronze materials or as otherwise approved by the Engineer.

(10)
In Section 4, Installation Well Head, the well head installation shall include a pressure gage, sample tap, Air/Vacuum valve, sand filter, flow meter, check valve, and gate valve, as shown on the drawings.  The check valve shall be cast iron, flange end; dual plate type with spring loaded bronze plates suitable for mounting in a vertical direction.  The gate and check valves shall be of the size shown on the drawings and meet the minimum requirements of Construction Specification 204, and Material Specification 304.

(11)
Upon completion of installation, the submersible pump shall be tested.  This test is not to be confused with the well pump test used for determining yield and water quality.  Unless directed otherwise by the Engineer, testing will be by continuous pumping for a period of 12 hours against a minimum pressure of 550 kPa (80 psi) at the well head and for the following flow rates and time intervals:

114 liters per minute
(30 gpm) for 2 hours

 76 liters per minute
(20 gpm) for 2 hours

 95 liters per minute
(25 gpm) for 6 hours

114 liters per minute
(30 gpm) for 2 hours


The source voltage drop and motor current draw shall be measured and recorded at the beginning and ending of each flow rate and at time intervals not exceeding 1 hour.  The recorded readings shall be submitted to the Engineer for evaluation and shall be within the manufacturer’s specifications.

(12)
In Section 11.  Measurement and Payment, payment for this item will be made at the contract unit price for each submersible pump, installed, fully operational, and tested.  Payment shall include full compensation for furnishing and installing the well head, appurtenances, pipe, gate and check valves.  Payment shall include compensation for Subsidiary Items, Concrete class 3000M, Chain Link Fence, and Air/Vacuum Valves.
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