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SECTION 43 21 39

SUBMERSIBLE PUMPS


PART 1	GENERAL

	RELATED DOCUMENTS

	Drawings and general provisions of the contract, including General Conditions, Special Provisions, and Division 1 Detailed Provisions Sections, apply to this Section.

	SECTION INCLUDES

	Submersible Sewage Pumps:  Under this Item, the CONTRACTOR shall furnish, install and place in successful operation two submersible sewage pumps.  The pumps shall be by the same manufacturer.

	All pump installations shall be complete and shall include all drives, guide rails and supports and all other accessories and appurtenances such as small piping, assembly and anchor bolts and shims as required, as shown on the Drawings and as specified herein.  All anchor bolts shall be stainless steel.


PART 	PRODUCTS

	MANUFACTURERS

A. The following manufacturers are capable of producing equipment and products, which will satisfy the requirements of this Section.  Candidate manufacturers include ABS Pumps, Ebara, Fairbanks Morse, Flowserve, KSB and ITT Flygt.  . Note to specifier – whenever possible an attempt should be made to select pumps from manufacturers that MSD already has spare parts inventory stock.

B. 

	OPERATING CONDITIONS

A. General: Pumps provided under this specification shall be submersible sewage non-clog type pumps designed to pump raw, unscreened municipal sewage containing of organic and inorganic matter, stringy material, rags, small sticks, petroleum products and tramp iron.  Pumps will be installed in a circular, precast concrete wetwell and operated at constant speed in response to a control system that starts and stops the pumps based upon level in the wetwell.  The pumps will operate in a traditional lead-follow sequence with alternation of the lead pump designation on a periodic basis

B. Operating Conditions:  The pumps supplied shall be capable of meeting the performance requirements presented below. For remote pump stations this condition represents the operating condition for the facility where a single pump operates at the OEPA calculated flow conditions and that operation point shall be the rated condition for the pump. These requirements are the results of hydraulic calculations for the proposed pumping station and force main system that provide the limits of expected pump operation over the useful life of the facility.  Equipment furnished under this section shall be fully suitable for continuous operation at any specified condition or any condition lying between the specified operating conditions.
  
	Operating Conditions
	Flow (gpm)
	Head (feet)

	Primary Operating Condition1
	EDIT
	EDIT

	Secondary Operating Condition2
	EDIT
	EDIT



The definition and specific requirements for the two specified operating conditions shall be as follows:
		
1. Primary Operating Condition: This condition represents the normal operating condition for the facility in which a single pump operates under normal daily flow conditions and shall be the rated condition for the pump. . Note to specifier: for new systems flow is per OEPA guidelines, for existing or combined actual flow measument and computer modeling will be required This condition has been calculated to represent the minimum anticipated system head condition for single pump operation.  This condition shall be located within the Preferred Operating Region (POR) as established by the pump manufacturer in accordance with ANSI/HI 9.6.3 and listed in the manufacturer’s published application data for the specific model proposed for this application and shall be to the right of the pump’s best efficiency point BEP.

2. Secondary Operating Condition: This condition represents the peak flow operating condition for the facility in which the two pumps operate in parallel.  This condition has been calculated to represent the maximum anticipated system head condition for parallel pump operation.   It is expected that this condition will be less frequent than the Primary Operating Condition and, therefore, may be located in the Allowable Operating Region (AOR) as established by the pump manufacturer in accordance with ANSI/HI 9.6.3 and published in the manufacturer’s published application data for the specific model proposed for this application. The flow at this head will vary, depending on a given pump’s head capacity curve.

C	Design Requirements:  Equipment provided under this section shall conform to the following general design requirements:

	Requirement
	Criteria

	Rigid sphere, inches diameter (minimum), capable of passing through the pump from inlet to discharge
	3

	Minimum pump efficiency (at pump’s  BEP)
	EDIT

	Minimum discharge piping connection size, inches
	EDIT

	Maximum operating speed, rpm
	EDIT

	Horsepower, maximum*
	EDIT

	Motor 
	480V / 3 Ph / 60 Hz**

	Allowable motor starts per hour
	14



* Motor shall be non-overloading at all points on the pumps operating curve. Rating shall be the next larger nominal size greater than the peak power requirements indicated on the pump’s performance curve at the motor’s operating speed.  This selection shall be based upon the motor’s nameplate rating and shall not rely on any factor of safety or listed overload allowance 
** 480 volt 3 phase power may not be available at all remote facilities.

D.	System Curve Calculations: The calculated system curves for the pumping station and force main system (including consideration for low/high static head, friction and minor hydraulic losses) are included at the end of this specification.
	

2.03	SUBMITTAL REQUIREMENTS AND MANUFACTURER QUALIFICATIONS

A. Predicted pump performance curves for each condition point specified showing head, power, efficiency, and NPSH required on the ordinate plotted against capacity (in GPM) on the abscissa.  Curves shall clearly display all specified operating conditions and the manufacturer’s limits for the POR and AOR, as specified in paragraph 2.02.

B. Drawings showing general dimensions and confirming the size of pumps, motors, drives and specified appurtenances; piping connections; construction details of equipment; wiring diagrams; and weight of equipment.

C. The proposed pump must have a service center that stocks parts within the Greater Cincinnati Area.  A five-year Municipal Warranty shall be provided for the pumps (Note to designer:  Coordinate with section 01 78 36).  No vortex type pumps will be allowed.  Grinder pumps will be allowed only with CITY approval.  

2.04	PUMP UNIT CONSTRUCTION

A.	The pump volute shall be single‑piece grey cast iron, ASTM A-48 Class 30, centerline discharge design with a large radius on the cut water to prevent clogging, and smooth passages large enough to pass any solids that may enter the impeller.  The unit shall be furnished with a discharge elbow and 125-lb flat face ANSI flange.  All exposed bolts and nuts shall be 316-stainless steel.  All mating surfaces of the major components shall be machined and fitted with NBR o-rings where watertight sealing is required.  Machining and fitting shall be such that sealing is accomplished by automatic compression o-rings in two planes and o-ring contact is made on four surfaces without the requirement of specific torque limits.   Internal and external surfaces are prepared to SPPC-VISI-SP-3-63 then coated with a zinc-chromate primer.  The external surfaces are then coated with a Coal Tar epoxy paint.  Minimum inlet and discharge size shall be as specified. NOTE: Other materials of construction must be approved by the CITY.

B.	The pump shaft shall be made of either 300 or 400 series stainless steel. Pump and motor shaft shall be one piece.  The pump shaft shall be an extension of the motor shaft.  Couplings will  not be acceptable. NOTE: Other materials of construction must be approved by the CITY.

C.	The pump shaft shall rotate on a minimum of two bearings.  Each pump shall provide a minimum of a tandem mechanical shaft seal system consisting of two totally independent seal assemblies.  The seals shall operate in an oil reservoir that hydrodynamically lubricates the lapped seal faces at a constant rate.  The lower primary seal unit shall contain one stationary and one positively driven rotating seal ring. Both seal faces shall be made of tungsten carbide, silicon-carbide, or tungsten carbide against a silicon-carbide seal. The upper secondary seal shall contain one stationary tungsten carbide or silicon-carbide seal ring and one positively driven rotating carbon seal ring.  The seals shall require neither maintenance nor adjustment or depend on direction of rotation for sealing.  The following seal types will not be considered acceptable or equal to the dual independent seal specified:  shaft seals without positively driven rotating members, or conventional double mechanical seals containing either a common single or double spring acting between the upper and lower seal faces.  Cartridge type systems will not be acceptable.  No system requiring a pressure differential to offset pressure and to effect sealing shall be used.  The seal system shall not rely upon the pumped media for lubrication.  

D.	The impeller shall be a cast iron radial high head enclosed design with a maximum of two vanes.  It shall be dynamically balanced and shall be designed for solids handling with a long thrulet without acute turns.  The inlet edge of the impeller vanes shall be angled toward the impeller periphery so as to facilitate the release of objects that might otherwise clog the pump.  In addition, a lip seal shall be located behind the impeller hub to further reduce the entry of foreign materials into the seal area.  Impellers shall be directly connected to the motor shaft with a slip fit, key driver, and secured with an impeller bolt.  The design shall include a replaceable cast iron suction cover.  The suction cover shall be designed such that it may be adjusted to maintain working clearances and hydraulic efficiencies. NOTE: Other materials of construction must be approved by the CITY.

E.	The pump shall be provided with a guide system to allow easy removal of the pump without entering the wet well.  The guide rail system shall be dual rail type. The discharge connection shall be bolted to the structure as indicated and shall serve as a lower attachment for the guide rails.  The system shall be designed to automatically connect the pump to the discharge piping when lowered into place on the discharge connection.  The design shall be non-sparking and shall conform to UL requirements for installation in a location classified in accordance with NFPA 70, Article 500 for Class 1, Group D, Division 1 locations.  When in place, the connection shall form a watertight seal with the discharge fitting.  The pump shall be easily removable for inspection or service, requiring no bolts, nuts, or other fastenings to be removed for this purpose, and no need for personnel to enter the pump wet well or sump.  Sealing of the pumping unit to the discharge connection shall be accomplished by a simple linear downward motion of the pump with the entire weight of the pumping unit guided to and pressing tightly against the discharge connections.  No portion of the pump shall bear directly on the floor of the sump and no rotary motion of the pump shall be required for sealing.  Guide bars provided for directing the pump into position or for removing the pump for maintenance shall steer the pump into proper contact with the discharge elbow.  Once the pump has been positioned on its support fitting at the discharge fitting, the guide bar system shall not be required for pump support.

F.	Each pump shall be supplied with a lifting chain constructed of 316 stainless steel (minimum of 3/8 inch link), or a (1/4-inch) diameter 316 stainless steel cable long enough to lower or lift the pump from the bottom of the wet well to the top of the wet well lid with a portable hoist. When these chains/cables are not in use, they will be hooked to the top of the wet well with a locking mechanism that will prevent the chain/cable from falling into the wet well where it might be ingested by the pump. The locking mechanism must be made of a 316-stainless steel and be easily accessible from outside of the wet well. NOTE: The chain or cable must support (3) times the static weight of the pump.  

G.	The guide rail system will consist of a minimum of two 2-inch diameter Schedule 40 316 stainless steel pipes long enough to remove the pump out of the wet well without any personnel having to enter the wet well.  Sealing of the discharge interface with a diaphragm, O‑ring or profile gasket will not be acceptable.  No portion of the pump shall bear directly on the sump floor. Intermediate guide rail supports of stainless steel shall be provided for each pair of guide rails.  Guide rail supports shall attach either to the individual pump discharge piping or precast concrete wetwell wall as shown on the Drawings. Guide rail supports shall be evenly spaced over the length of the guide rail system and shall be provided at no greater than 10 foot intervals. .  A minimum of one intermediate guide rail support bracket shall be provided for each pump.  Upper guide bar brackets (for termination below the wetwell access hatch located above the pump) and cable holder assembly with appropriate strain relief provisions shall also be provided.

H.	Major pump components including pump and motor casing shall be of grey cast iron, ASTM A‑48, Class 30, with smooth surfaces devoid of blow holes or other irregularities.  All exposed nuts or bolts shall be ANSI Type 316 stainless steel construction.  All metal surfaces coming into contact with the sewage, other than stainless steel or brass, shall be protected by a factory applied spray coating of ALKYD primer with a chlorinated rubber point finish on the exterior of the pump.

I.	Motors shall be sufficiently cooled by the surrounding environment or pumped media.  It is specifically required that the cooling system must be compatible with the contemplated control schedule, which may require that the motor case to be exposed continuously or intermittently.  Cooling systems shall not employ the pumped fluid to directly cool the motor through wastewater passageways incorporated into the motor shell.  It is preferred that the motor be cooled by the wastewater via fins incorporated into the motor shell. The motor shall be able to operate dry without damage while pumping under load.

J.	The cable entry seal design shall preclude specific torque requirements to insure a watertight and submersible seal.  The cable entry shall consist of a single cylindrical elastomer grommet having a close tolerance fit against the cable outside diameter and the entry inside diameter and compressed by the body containing a strain relief function, separate from the function of sealing the cable.  The cable entry junction chamber and motor shall be separated by a stator lead sealing gland, potting chamber or terminal board, which shall isolate the motor interior from foreign material gaining access through the pump top.  If a potting procedure is used, the potting procedure shall employ an epoxy-potting compound combined with a procedure that insures penetration of the compound into the individual cable conductor strands to prevent development of wicking pathways for entrance of water into the motor. 

K.	The pump motor shall be FM explosion proof.  The motor shall be  a squirrel-cage induction, shell type design, housed in an air filled, watertight chamber, and built to NEMA MG-1, Design B specifications with a service factor of 1.15 based upon nameplate rating.  The stator windings and stator leads shall be insulated with moisture resistant Class F insulation rated for 311° F (155° C).  The temperature rise of the motor shall not be in excess of that specified in NEMA MG-1 for Class F insulating materials when operating continuously under load.  The motor shall be designed for continuously handling pumped media of 104° F (40° C) and capable of sustaining a minimum of 14 starts per hour.  Motors shall be Factory Mutual or UL listed in accordance with UL 674 and 1207 for Class I, Group D hazardous atmospheres.  The junction chamber, containing the terminal board, shall be hermetically sealed from the motor.  Connection between the cable conductors and stator leads shall be made with threaded compressed type binding post permanently affixed to a terminal board. 

L.	The motor shall have a voltage tolerance of ±10% and a frequency tolerance of ±5%.  The motor shall be designed for operation up to 104° F (40° C) ambient.  A performance chart shall be provided showing curves for torque, current, power factor, input/output KW, efficiency, and data on starting and no‑load characteristics.

M.	The motor stator shall be equipped with three thermal switches (connected in series), to monitor the temperature of each phase winding.  The switches shall be embedded in the end coils of the stator winding (one sensor in each stator phase). The switches shall be normally closed contacts that open upon sensing a high winding temperature.  These thermal switches shall be used in conjunction with and supplemental to external motor overload protection and shall be wired to the pump control panel.

N.	Motors shall be provided with with an electronic moisture detection system.  The leakage sensor shall be a small float switch which is located in the motor housing and shall be specifically designed to detect the presence of water in the motor housing.  The switch shall be a normally closed contact that opens upon sensing moisture.  When activated, the float switch will stop the motor and shall be wired to the pump control panel.  

O.	Each pump shall be installed with the required length of submersible cable suitable for submersible pump applications. The power cable shall be sized according to the NEC and ICEA standard and have P-MSHA approval. This cable shall be of sufficient length to reach the junction box without the need of any splices.  The cable shall be properly marked to meet the requirements of the local electrical inspector. NOTE:  The terminals where the cable is terminated shall be of a compatible temperature rating.

P.	All sensing circuits in the pumps shall be low impedance, closed circuit systems.  Open circuit, high impedance sensors shall not be acceptable since they are subject to false tripping caused by lightning in the vicinity of the pump station.

Q.	Controls:  All wiring and electrical connections from the pumps to the pump junction boxes, as shown on the Drawings, shall be furnished under this Item.  The pilot control circuits for these pumps are shown on the Drawings and will be provided under the respective Electrical Item.  Any additional materials required by the manufacturers of these pumps, but not shown on the Drawings, to allow these pumps to function in the required manner, shall be furnished and installed as part of this Item. All electrical equipment furnished under this Item shall meet all requirements of Division 26.

R.	Motors shall be suitable for operation using the solid-state reduced voltage style motor starters specified in Section 26 18 39 - Motor Controllers.

2.05	FACTORY INSPECTION AND TESTING

	Each pump shall be subject to a non-witnessed factory test in accordance with the following requirements.  The test procedure shall follow the requirements of and the results shall be subject to the criteria for Acceptance Level A in ANSI/HI 11.6.  Any deviations shall be subject to review by the Engineer and CITY.

a. Perform motor and cable insulation test for moisture content and insulation defects.

b. Run pump dry to check for proper rotation and mechanical integrity.

c. Run pump submerged for 30 minutes in water.

d. Remove pump from water; perform motor and cable insulation test; fill motor housing with dielectric oil.

e. Test each pump at no less than eight test points, including not less than two within ±8 percent (in terms of rated flow) of each specified flow condition(s) and not less than two test points within ±4 percent of the pump’s best efficiency point at the test speed.  In addition, one test point shall be sufficient to define head and power requirements at shutoff head.  Remaining points shall be spaced over the pump’s Allowable Operating Region (ANSI/HI 9.6.3), with points taken near the maximum allowable head and flow conditions.

f. Provide a standard NPSH curve based on testing of standard test pump. 

g. The pumps shall be subjected to a factory hydrostatic test in accordance with paragraph 11.6.5 of ANSI/HI 11.6.

h. After satisfactory completion of the performance and NPSHR tests, the motor shall be subjected to a housing leakage test performed under vacuum in accordance with paragraph 11.6.7.2.2 of ANSI/HI 11.6.

i. All motor circuits, including thermal and moisture sensors and the moisture sensors in the shaft seal area shall be subjected to electrical resistance tests to determine functionality.
  
j. A written report including test logs and generated performance curves on the above shall be prepared by the test engineer, certified and submitted to the Engineer and CITY for approval prior to shipment of pumps.

2.06	SPARE PARTS Note to specifier – check with WWT to confirm required spare parts.

A.	Provide sufficient parts to completely rebuild one of the station's pumps.  This shall include a pump volute wear plate or rings, seals, gaskets, o-rings, and electrical cable grommets. . Note to specifier – confirm with MSD, this may not be needed – see article 2.01 A note to specifier

B.	Supply one extra gasket for each pump shoe if the pump design requires it. . Note to specifier – confirm with MSD, this may not be needed – see article 2.01 A note to specifier

PART 	EXECUTION

	INSTALLATION

	Comply with manufacturer's instructions.

	MANUFACTURER'S TRAINING SERVICES

	Follow section 01 79 00.

	Provide a minimum of one 8 hour day. (coordinate with section 01 79 00)

3.03    MANUFACTURER’S START-UP SERVICES

A.     As required or outlined in sections 01 75 00 through 01 75 06

	

END OF SECTION
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