DIVISION 15 - MECHANICAL
Section 15450 – Plumbing Equipment
1.00
PART 1 -GENERAL

1.01
DESCRIPTION OF WORK:

A.
Provide domestic water system equipment including pumps, pump packages, controls, and required trim for domestic water pressure booster and hot water circulation systems including all related appurtenances for complete and operating systems.

1.02
SECTION INCLUDES:

A. Packaged Constant Speed Pressure Booster System

B.
Packaged Variable Speed Pressure Booster System

C.
Hot Water Circulating Pump


D. Domestic Water Balancing Valves

E. Domestic Water Vents

1.03
RELATED DOCUMENTS:

A. Drawings and general provisions of the Contract, including General and supplementary Conditions and Division 1 Specification Sections, apply to this Sections.  

· Section *** - Mechanical General Requirements

· Section *** - Supports, Anchors, and Sleeves

· Section *** - Motors and Starters

· Section *** - Drives

· Section *** - Mechanical Identification

· Section *** - Equipment Installation

· Section *** - Domestic Water Piping and Specialties

· Section *** - Testing, Adjusting, and Balancing

· Section *** - Meters and Gauges

· Section *** - Electrical

1.04
QUALITY ASSURANCE:

A. Manufacturer shall assume "Unit Responsibility" to ensure that all components effectively interface to properly execute the sequence of operation specified herein. An assembler of pumping packages not engaged in the design and manufacture of centrifugal pumps shall not qualify as a manufacturer of pumping systems.

B. All equipment or components of this specification section shall meet or exceed the requirements and quality of the items herein specified, or as denoted on the drawings.

C. Ensure pump operation at specified system fluid temperatures without vapor binding and cavitation, are non-overloading in parallel or individual operation, and operate within 25 percent of midpoint of published maximum efficiency curve.  

D. Ensure pump pressure ratings are at least equal to system’s maximum operating pressure at point where installed, but not less than specified.

E. The manufacturer shall have a minimum of 30 years experience in the design and construction of domestic water presser booster systems. 

F. The package pressure booster shall be hydraulically tested to 150 PSIG for a minimum of one hour.

G. Equipment provider shall be responsible for providing certified equipment start-up and, when noted, an in the field certified training session. New pump start-up shall be for the purpose of determining pump alignment, lubrication, voltage, and amperage readings. All proper electrical connections, pump’s balance, discharge and suction gauge readings, and adjustment of head, if required. A copy of the start-up report shall be made and sent to both the contractor and to the Engineer.

H. Manufacturer shall be listed by Underwriter's Laboratories as a manufacturer of packaged pumping systems.

I. The manufacturer shall be fully certified by the International Standards Organization per ISO 9001.  Proof of this certification shall be furnished at time of submittal 

J. The manufacturer shall carry a minimum product liability insurance of $5,000,000.00 per occurrence.

1.05
PRODUCT HANDLING:

A.
Protection: Use all means necessary to protect equipment before, during, and after installation.

B.
Replacement and Repair: All scratched, dented, and otherwise damaged units shall be repaired or replaced as directed by the Architect Engineer.

1.06
REGULATORY REQUIREMENTS:
A. Conform to Health/Life Safety Code for Public Schools

B. Conform to International Mechanical Code

C. Conform to BOCA National Building Code

D. Conform to BOCA National Fire Protection Code

E. Conform to State of  Illinois Plumbing Code

F. Conform to National Electric Code NFPA 70

G. Conform to Illinois Accessibility Code

H. Conform to City of Chicago Codes for Pressure Booster Packages

I. Products:  Listed and classified by Underwriters Laboratories, Inc. as suitable for the purpose specified and indicated.

1.07
SUBMITTAL:
A.
Submit each item in this article according to the Conditions of the Contract and Division 1 Specification Sections.  

B.
Submit manufacturer’s installation instructions under provisions of General Conditions and Division 1.

C.
Complete Package information Product Data including:


· System summary sheet (where applicable)

· Sequence of Operation 

· Shop drawing indicating dimensions, required clearances and location and size of each field connection 

· Power and control wiring diagram 

· System profile analysis including pump curves, system curve, and variable speed pump curves (where applicable) 

· Pump data sheets - Rated capacities of selected models and indication of pump’s operating point on curves.

· Submittals on furnished specialties and accessories

· Submittals must be specific to this project. Generic submittals will not be accepted

D.
Hanging and support requirements should follow the recommendations in the manufacturer’s installation instructions.  

1.08
OPERATION AND MAINTENANCE DATA:
A. Submit Operation and Maintenance information under provisions of Division 15 “Mechanical General Requirements” and the provisions of the General Conditions and Division 1.

B.
Operation and Maintenance Data: Include installation instructions, assembly views, lubrication instructions, and replacement parts lists.

C.
Under provisions of commissioning documentation; testing of pumps, as well as training of owner’s operation and maintenance personnel may be required in cooperation with the commissioning consultant.


1.09
DELIVERY, STORAGE, AND HANDLING:
A.
Deliver materials to the site in such a matter as to protect the materials from shipping and handling damage.  Provide materials on factory provided shipping skids and lifting lugs if required for handling.   Materials damaged by the elements should be packaged in such a matter that they could withstand short-term exposure to the elements during transportation.    

B.
Store materials in clean, dry place and protect from weather and construction traffic.  Handle carefully to avoid damage.  

1.10
WARRANTY:
A.
Provide a minimum One (1) year warranty on materials and installation under provision of Section 15010.  

2.00
PART 2- PRODUCTS
A. The specifying engineer reserves the right to specify a primary supplier / lead spec manufacturer on all supplied schedule and specification documents.  These primary suppliers have lead their respective industry in research and development and their products have had proven track records in the field.  These primary suppliers, in the opinion of this engineering firm, produce a superior product to the alternately listed manufacturers.  The contractor may choose to supply equivalent equipment as manufactured by the alternately specified manufacturer.  This alternately specified equipment shall be supplied on a deduct alternate basis and based on the approval of the supplied alternate manufacturer’s submittals. 

The use of a primary supplier and deduct alternates protects the specifying engineer’s design concept, but allows for a check-and-balance system to protect the post-commissioning owner.  

2.01
Packaged Constant Speed Pressure Booster System:

A. Manufacturer:

1.
Contractor shall furnish and install a packaged pressure booster system for domestic water systems as indicated on the drawings.  Packaged pressure booster system shall be model 70M or 70E as manufactured by Bell & Gossett under base bid. Equivalent units as manufactured by others may be submitted as deduct alternates. Package shall meet design, types, sizes, capacities, and characteristics as scheduled on the Equipment Schedule drawings.

B
Packaged Pressure Booster System: 

1. Package System

a. Furnish and install as shown on the plans a prefabricated constant speed domestic water pressure booster consisting of a groutable structural steel base with structural steel support members, pumps, motors, pressure reducing valves, suction & discharge headers, control panel and necessary interconnecting piping.

b. Package shall be capable of producing the scheduled flow (GPM) and discharge pressure (PSI) when provided with the noted suction pressure (PSI) and allowing for the associated package pressure drop.   

c. Packaged pumps shall be of the appropriate number and percentage of system design flow as scheduled. 

d. System shall require a single point power connection and suction & discharge piping connections. 

e. Incoming electrical power shall be of the scheduled voltage and phase.

f. Skid Mounted Pumping Package shall have a performance guarantee when installed in accordance with manufacturer’s instructions.

g. The pump and staging control system manufacturer shall assemble the package.  An assembler of pumping and staging control systems not actively engaged in the design and construction of centrifugal pumps, pump trim, and staging control systems shall be responsible for providing a blanket service/parts purchase order to each of the local major equipment manufacturer’s representatives. This blanket purchase order shall be included as part of the standard submittal packet and shall be applicable for the entire (3) year warranty period.  The skid mounted pumping package manufacturer shall assume "Unit Responsibility" for the complete pumping package. Unit responsibility shall be defined as responsibility for interface and successful operation of all system components supplied by the skid mounted pumping package manufacturer.

h. Each pump shall be factory tested per Hydraulic Institute standards prior to shipment and shall conform to ANSI/HI 1.1 -1.5 1994 section 1.4.6.1.1 for recommended acceptable unfiltered field vibration limits.

i. Required package components shall be limited to those components required to facilitate the successful operation of the domestic pressure boosting system.  Additional components other than those specifically specified or referred to within this section are not to be provided as part of a standard package.  Those components not covered in this specification have been deemed unnecessary to facilitate successful operation of the system components.

j. The pump manufacturer shall supply the complete constant speed pressure booster system and shall have a minimum of Twenty (20) years experience with constant speed pressure booster systems.  The manufacturer shall be fully certified by the International Standards Organization (per ISO 9001) and the product shall certified by both UL and ETL.  Certification proof shall be furnished at time of submittal.

2.
Mechanical Components

a. The packaged pumping system shall be constructed with Type L copper headers. Unit shall be rated for 150 PSIG working pressure. Headers shall be easily removable to allow for service access and moving the package through doorways. Header flow velocities shall not exceed 8 feet/sec (City of Chicago – 5 feet/sec).  When required galvanized headers may be used in lieu of copper.  The galvanized headers must meet local codes for construction (City of Chicago – Headers shall be of a welded design, may contain only welded tees and nipples, shall be galvanized after all welds have been completed, and shall be fabricated by a certified welder.) 

b. The frame shall be heavy-duty channel and angle iron construction.  The frame and support member materials shall be ASTM A36 structural steel. All welding for the frame shall be performed by ASME Section IX certified welders with certificates provided upon request.

c. Interconnecting piping and components shall meet the appropriate maximum package working pressure as scheduled on the Equipment Schedule drawings, and shall be pressure tested after final assembly.

d. All components on the package shall be installed to provide adequate service clearances on and around the components to facilitate ease of maintenance in the field without the use of special tools or devices.

e. Pumps shall be centrifugal, close-coupled, single-stage, end suction type.  Pumps shall be rated for a minimum of 175 PSIG working pressure.  Casings shall have gauge ports and vent & drain ports at top and bottom of casing.

f. Motors shall meet NEMA specifications and shall be of the size, voltage and enclosure called for on the plans. 

g. A globe style, in-line combination pressure reducing and check valve shall be installed on the discharge of each pump. The valve shall have an epoxy coated body with a bronze disc.  Valve shall be manufactured by Cla-Val Company. Each PRV shall be sized for a maximum pressure drop of PSIG at the scheduled flow rate for its respective pump. The valve pilot shall be a direct acting, adjustable, spring-loaded, normally open diaphragm valve. It shall be designed to permit flow when controlled pressure is less than the spring setting. 

h. A UL listed factory mounted and wired constant speed control system as outlined in the “Electrical Components” section of this specification.  

i. Isolation valves shall be provided for each pump and PRV set.

j. Package shall include electrolysis isolation flanges to isolate all non-ferrous components from copper components on the package. 

k. Pressure gauges shall be installed on the suction and discharge headers. 

l. Pumps shall be protected from thermal accumulation via a common thermal relief mechanism.  

m. Where code dictates (City of Chicago) pumping package shall contain suction check valves on each pump.

n. Where code dictates (City of Chicago) pumping package shall contain interconnecting sensor tubing constructed of copper.

o. Where code dictates (City of Chicago) pumping package shall be constructed by a Chicago licensed plumber.

3.
Electrical Components:

a. The package including starters, disconnect, and pump logic controller shall be pre-wired at the factory to permit single point electrical power connection (where applicable) as required for the particular application. The contractor shall provide power wiring from the cabinet to the motors. Wiring from the remote mounted pressure transmitters (if applicable), and the flow sensor (if applicable) shall be the responsibility of the appropriate contractor. Interconnecting temperature control wiring shall be the responsibility of the appropriate contractor.  A complete wiring diagram showing all field connectors shall be supplied at the time of shipment.

b. The entire pump logic controller assembly shall be listed and bear the label of a nationally recognized test lab. The pump logic controller shall be listed and shall bear the label of Canadian Standards Association (CSA).

c. The pump logic controller shall be microcomputer based and hold its software in EPROM. On-line field modified data entries, such as stage point, or method of staging, shall be stored in EEPROM. EPROM memory storage shall prevent accidental loss of data due to voltage surge or spike. In the event of a complete power outage, all factory preset data values remain stored and available for recall by the operator.  

d. The pump logic controller shall operate if the microcomputer should fail and it shall revert to HAND operation. The HAND operation shall absolutely mimic standard selector switches. The number of pumps that will operate in HAND is predetermined from prior HAND operation, and shall be held in memory with CPU fail and power off. 

e. The pump logic controller shall be powered by 115V AC power from a multi-tap control power transformer (suitable for voltages of  208V, 230V, 380V, 460V, 575V) within the control enclosure.  The controller shall be equipped with an integral, regulated 24VDC power supply to power analog input signals.  The Pump Logic Controller shall be capable of receiving four 4-20 mA analog input signals and RTD signals.

f. The staging of pumps shall be user-selectable based on kilowatts (kW), current (Amps), flow (GPM) or pressure (PSI). 

g. kW shall be true power derived from a transducer. Amps shall be RMS from the kW transducer.  Both kW and Amps shall be microcontroller calibrated with calibration held in an integral EEPROM.  PSI shall be derived from a pressure transducer with a 4-20 mA analog input.  Flow shall be derived from a transducer with a 4-20 mA analog input. 

h. The control enclosure shall conform to the appropriate NEMA requirements and it shall include motor starters, overloads, multi-tap control power transformer input/output board and NEMA 4 rated operator interface. 

i. The controller shall have off line and on line diagnostic software.  Off line diagnostics shall consist of CPU, EPROM and RAM memory test. The controller shall have digital input diagnostics, display test, program test and all analog and digital I/O user-tests.  Interrogating the pump logic controller through its HELP key may access fault information.  

j. The pump logic controller shall be powered by 115V/1ph./60Hz or 50 Hz power.  The incoming power and I/O circuitry shall reject electromagnetic (EMI) and radio frequency interference (RFI). All digital outputs shall be externally isolated.   

k. The pump controller shall be capable of operation in ambient conditions of 0 C to 60 C and a humidity range of 5% to 95%, non-condensing. 

l. All external sensors/transmitters and switches shall be powered by the pump logic controller through its integral 24V DC power supply.  Overvoltage and short circuit protection shall be on-board. All analog circuits shall be protected from up to 575V with a fast-acting fuse and sacrificial input resistors. 

m. The controller's user interface shall contain a 2 line x 20 character liquid crystal display with 1/4" characters. 

n. The pump logic controller shall be capable of operating in automatic, manual or off-line diagnostic modes. One level of password and software security shall be provided for protection of field programs and user-accessible features.

o. Hardwire communication shall be provided to the Energy Management System.  This shall include remote start/stop, system alarm output and pump status indication. 

p. The pump logic controller shall provide the following standard user-selectable features: 

· Low Suction Pressure Alarm and Cut Out 

· No-Flow Shut Down 

· High System Pressure Alarm and Cut Out 

· Overload Failure Alarm 

· High Temperature Alarm and Cut Out

· Low System Pressure Alarm 

· Low Level Alarm and Cut Out

· Pump Failure Alarm

· High Suction Pressure Alarm and Cut Out

· A-V alarm with push to silence feature 

4.
Sequence of Operation:
a. The system shall consist of an ITT Bell & Gossett Technologic constant speed staging controller and the scheduled number of pumps in parallel for pump staging.  

b. A minimum of two and maximum of three pumps shall be placed in parallel for staging from the control.  The total combined installed horsepower shall not exceed 125HP.  

c. In the “AUTO” mode, the lead pump shall start upon initiation of the system either by activation of the “START” button on the panel or by digital input from the Building Automation System (BAS) through a remote start/stop contact in the panel.

d. Pump staging and destaging shall be utilized to minimizing energy usage.

e. Pump status shall be capable of being monitored by the BAS system through contacts in the panel.

f. The lead pump shall operate at the point on its curve where system demand is satisfied.  A second pump shall be staged on when system demand can not be met by a single pump.  Multiple pump operation will also occur at points where the logical controller determines that two pumps would require less operating horsepower than a single pump operating independently.  The determination of pump staging point is based on the user-defined type of system monitoring (kW, Amp, PSI, GPM).  The logical controller shall then stage pumps on or off based on a logical sequence set forth by user-defined inputs and controller manufacturer based logic parameters.

g. Pump destaging shall operate in a similar fashion to pump staging, but shall be a representation of decreasing system load requirements.

h. In the event of motor overload, the next pump in sequence shall automatically be started to protect the subsequent pump motor from overloading.

i. In the event of the microcomputer failure the system controller shall automatically revert to “HAND” operation.  The “HAND” operation shall mimic selector switch operation and shall be based on preset “HAND” operation. 

j. In the case of a system component failure a remote system alarm shall be sent to the system BAS (Overload Failure Alarm or Pump Failure Alarm) and the audiovisual alarm shall sound.  The alarm signal must be addressed at the controller and can not be accessed through the BAS system.  The audiovisual alarm can be silenced at the controller.  The controller user interface shall be continuously scrolled through the display on the operator interface of Technologic pump logic controller until the fault has been corrected and the Technologic pump logic controller has been manually reset. 

2.02
Packaged Variable Speed Pressure Booster System:

A.
Manufacturer:

1.
Contractor shall furnish and install a packaged variable speed pressure booster system for domestic water systems as indicated on the drawings.  Packaged pressure booster system shall be model 70VS as manufactured by Bell & Gossett under base bid. Equivalent units as manufactured by others may be submitted as deduct alternates. Package shall meet design, types, sizes, capacities, and characteristics as scheduled on the Equipment Schedule drawings.

B.
Packaged Variable Speed Pressure Booster System: 

1.
Package System

a. Furnish and install as shown on the plans a prefabricated variable speed domestic water pressure booster consisting of a groutable structural steel base with structural steel support members, pumps, motors, pressure reducing valves, suction & discharge headers, control panel and necessary interconnecting piping.

b. A variable speed system has been designed to maximize energy savings in this system due to either greatly varying suction pressures or high piping system related pressure drops.

c. Package shall be of the capable of producing the scheduled flow (GPM) and discharge pressure (PSI) when provided with the noted suction pressure (PSI) and allowing for the associated package pressure drop.

d. Packaged pumps shall be of the appropriate number and percentage of system design flow as scheduled. 

e. Package shall consist of the appropriate number of variable speed drives and include bypass scheme as scheduled.

f. System shall require a single point power connection and suction & discharge piping connections. 

g. Incoming electrical power shall be of the scheduled voltage and phase. 

h. Skid Mounted Pumping Package shall have a performance guarantee when installed in accordance with manufacturer’s instructions.

i. The pump and drive package manufacturer shall assemble the package.  An assembler of pumping and drive package systems not actively engaged in the design and construction of centrifugal pumps, pump trim, and drive packages shall be responsible for providing a blanket service/parts purchase order to each of the local major equipment manufacturer’s representatives. This blanket purchase order shall be included as part of the standard submittal packet and shall be applicable for the entire (3) year warranty period.  The skid mounted pumping package manufacturer shall assume "Unit Responsibility" for the complete pumping package. Unit responsibility shall be defined as responsibility for interface and successful operation of all system components supplied by the skid mounted pumping package manufacturer.

j. Each pump shall be factory tested per Hydraulic Institute standards prior to shipment and shall conform to ANSI/HI 1.1 -1.5 1994 section 1.4.6.1.1 for recommended acceptable unfiltered field vibration limits.

k. Required package components shall be limited to those components required to facilitate the successful operation of the domestic pressure boosting system.  Additional components other than those specifically specified or referred to within this section are not to be provided as part of a standard package.  Those components not covered in this specification have been deemed unnecessary to facilitate successful operation of the system components.

l. The pump manufacturer shall supply the complete variable speed pressure booster system and shall have a minimum of Ten (10) years experience with variable speed pressure booster systems.  The manufacturer shall be fully certified by the International Standards Organization (per ISO 9001) and the product shall certified by both UL and ETL.  Certification proof shall be furnished at time of submittal.

2.
Mechanical Components

a. The packaged pumping system shall be constructed with Type L copper headers. Unit shall be rated for 150 PSIG working pressure. Headers shall be easily removable to allow for service access and moving the package through doorways. Header flow velocities shall not exceed 8 feet/sec (City of Chicago – 5 feet/sec).  When required galvanized headers may be used in lieu of copper.  The galvanized headers must meet local codes for construction (City of Chicago – Headers shall be of a welded design, may contain only welded tees and nipples, shall be galvanized after all welds have been completed, and shall be fabricated by a certified welder.) 

b. The frame shall be heavy-duty channel and angle iron construction.  The frame and support member materials shall be ASTM A36 structural steel. All welding for the frame shall be performed by ASME Section IX certified welders with certificates provided upon request.

c. Interconnecting piping and components shall meet the appropriate maximum package working pressure as scheduled on the Equipment Schedule drawings, and shall be pressure tested after final assembly.

d. All components on the package shall be installed to provide adequate service clearances on and around the components to facilitate ease of maintenance in the field without the use of special tools or devices.

e. Pumps shall be centrifugal, close-coupled, single-stage, end suction type.  Pumps shall be rated for a minimum of 175 PSIG working pressure.  Casings shall have gauge ports and vent & drain ports at top and bottom of casing.

f. Motors shall meet NEMA specifications and shall be of the size, voltage and enclosure called for on the plans. 

g. On systems where constant speed bypasses are installed a globe style, in-line combination pressure reducing and check valve shall be installed on the discharge of each pump. The valve shall have an epoxy coated body with a bronze disc.  Valve shall be manufactured by Cla-Val Company. Each PRV shall be sized for a maximum pressure drop of PSIG at the scheduled flow rate for its respective pump. The valve pilot shall be a direct acting, adjustable, spring-loaded, normally open diaphragm valve. It shall be designed to operate only when the variable speed system is being bypassed.  The valves shall permit full system flow with negligible pressure drop during normal operation, but shall serve as maximum system pressure safety devices during variable speed bypass. 

h. A UL listed factory mounted and wired constant speed control system as outlined in the “Electrical Components” section of this specification.  

i. Isolation valves shall be provided for each pump and PRV set.

j. On systems without PRVs check valves must be installed on the discharge of each pump.

k. Package shall include electrolysis isolation flanges to isolate all non-ferrous components from copper components on the package.

l. Pressure gauges shall be installed on the suction and discharge headers. 

m. Pumps shall be protected from thermal accumulation via a common thermal relief mechanism. 

n. Where code dictates (City of Chicago) pumping package shall contain suction check valves on each pump.

o. Where code dictates (City of Chicago) pumping package shall contain interconnecting sensor tubing constructed of copper.

p. Where code dictates (City of Chicago) pumping package shall be constructed by a Chicago licensed plumber.

3.
Electrical Components:

a.
The adjustable frequency drives, by-pass circuitry, and pump logic controller shall be mounted as follows:

· 25 HP Drives or less Duplex pumping systems with or without a bypass shall be of a wall mounted cabinet design.

· 100 HP Drives or less Triplex pumping systems without a bypass shall be of a free-standing cabinet design.

· 100 HP Drives or less Duplex pumping systems with or without a bypass shall be of a free-standing cabinet design.

b. The package including adjustable frequency drives, by-pass circuitry, and pump logic controller shall be pre-wired at the factory to permit dual or single electrical power connection as required for the particular application. The contractor shall provide power wiring from the cabinet to the motors. Wiring from the remote mounted pressure transmitters, and the flow sensor (if applicable) shall be the responsibility of the appropriate contractor. Interconnecting temperature control wiring shall be the responsibility of the appropriate contractor.  A complete wiring diagram showing all field connectors shall be supplied at the time of shipment.

c. A Model 1200 or 5000 Technologic Pump Logic Controller shall be provided and the operator interface flush mounted in the door of the packaged pumping system. Enclosure shall be NEMA 1 and UL and CSA certified.

d. Variable speed pumping system manufacturer shall supply and be responsible for the operation of a programmable microprocessor based dual dynamic PID solid state variable speed pump logic controller.  The controller shall function to a proven program that safeguards against damaging hydraulic conditions and shall be a “Best Efficiency Program”.

e. The pump logic controller shall capable of accepting 4 discrete analog inputs from zone sensor/transmitters indicated on the plans. Analog input resolution shall be 12-bit minimum, and the controller shall scan each analog input a minimum of once every 500 milliseconds. Use of a multiplexer for multiple sensor inputs is not acceptable. All sensor/transmitter inputs shall be individually wired to the pump logic controller for continuous scan and comparison function.

f. The pump logic controller shall select the analog input signal that has deviated the greatest amount from its set-point.  This selected signal shall be used as the command feedback input for a closed loop hydraulic stabilization function to minimize hunting. The hydraulic stabilization program shall utilize a proportional-integral-derivative control function.  The proportional, integral and derivative values shall be user adjustable over an infinite range. The scan compares rate that selects the command set-point and process variable signal shall be continuous and automatically set for optimum performance. Each sensor shall be scanned at least once every 500 milliseconds.

g. The pump controller shall be capable of controlling the specified number of pumps in parallel as described in the sequence of operation section.

h. The pump logic controller shall be self-prompting. All messages shall be displayed in plain English. The following features shall be provided:

· Multi-fault memory and recall

· On-screen help functions

· LED pilot lights and switches

· Soft-touch membrane keypad switches.
j.
The variable speed pumping system shall be provided with a user friendly operator interface complete with membrane switches and numeric keypad. Display shall be no less than four lines with each line capable of displaying up to twenty characters. The human interface panel shall display the following values:

· Flow in GPM (requires optional flow meter)

· Pump On/Off Status

· Pump % Speed

· Individual Alarm Conditions

· Troubleshooting Diagnostics

· User adjustable parameters such as alternation, PID, set-points, etc.

k.
The pump controller shall communicate to the Building Automation System (BAS) by hard-wired communication and when possible by serial port communication. See section B for further details on drive package integration. 

1. 
The following communication features shall be provided to the BAS in "hardwired" form via 4-20ma analog signals and digital outputs:

a. Remote system start/stop (dry contact on drive controller)

b. Failure of any VFD system component (qty. 1 each, digital output from drive controller)

c. Status of any VFD system component (qty. 1 each, digital output from drive controller)

d. Status of any VFD speed (qty. 1 each, digital output from drive controller)

e. General alarm from VFD package (dry contact on drive controller)

2. 
The following communication features shall be provided to the Building Automation System via an RS-485 port utilizing Johnson Controls, Landis, Metasys N2 protocol, Modicon’s Modbus protocol, or ASHRAE’s BACnet protocol:

a. All sensor process variables

b. Individual zone setpoints

c. Individual pump failure

d. Individual pump on/off status

e. Individual AFD on/off status

f. AFD speed

g. Individual AFD Failure

h. AFD bypass status (if automatic)

i. Individual sensor failure

l. The Technologic controller shall be modular. It shall be able to be interchanged with locally available parts without further programming required. 

m. The pump logic controller shall be capable of operating in automatic, manual or off-line diagnostics modes.

n. Three (3) levels of password and software security shall be provided for protection of field programs and user accessible features.

o. The pump logic controller shall be powered by 115V/1ph./60Hz or 50 Hz power.  The incoming power and I/O circuitry shall reject electromagnetic (EMI) and radio frequency interference (RFI). All digital outputs shall be externally isolated.   

m.
The pump controller shall be capable of operation in ambient conditions of 0 C to 60 C and a humidity range of 5% to 95%, non-condensing. 

n.
All external sensors/transmitters and switches shall be powered by the pump logic controller through its integral 24V DC power supply.  Overvoltage and short circuit protection shall be on-board. All analog circuits shall be protected from up to 575V with a fast-acting fuse and sacrificial input resistors. 

o.
The controller's user interface shall contain a 2 line x 20 character liquid crystal display with 1/4" characters. 

p.
The pump logic controller shall be capable of operating in automatic, manual or off-line diagnostic modes. One level of password and software security shall be provided for protection of field programs and user-accessible features.

q.
The pump logic controller shall provide the following standard user-selectable features: 

· Low Suction Pressure Alarm and Cut Out 

· No-Flow Shut Down 

· High System Pressure Alarm and Cut Out 

· Overload Failure Alarm 

· High Temperature Alarm and Cut Out

· Low System Pressure Alarm 

· Low Level Alarm and Cut Out

· Pump Failure Alarm

· High Suction Pressure Alarm and Cut Out

· A-V alarm with push to silence feature

4.
Sequence of Operation:

a. The system shall consist of an ITT Bell & Gossett Technologic 1200 or 5000 pump controller, the appropriate number of scheduled drives, a bypass for automatic protection (as scheduled), and the scheduled number of pumps with manual and automatic alternation and pump staging when applicable.  

b. One (1) ST102 sensor/transmitters shall be provided for the domestic water system. Sensors to be located as recommended by manufacturer based on final system layout. Submit locations for review with shop drawings.

· The sensor transmitters shall be installed and wired by the contractor to the Technologic pump logic controller.

· Each sensor/transmitter shall send a 4-20 mA signal to the Technologic pump logic controller, indicative of process variable condition.

· The Technologic pump logic controller shall compare each signal to the independent, engineer/user determined set points.

c. When all set points are satisfied by the process variable, the pump speed shall remain constant at the optimum energy consumption level.

· The Technologic pump logic controller shall continuously scan and compare each process variable to its individual set point and control to the least satisfied zone.

· If the set point cannot be satisfied by the designated lead pump, the Technologic pump logic controller shall initiate a timed Sequence of Operation to stage a lag pump.

· The lag pump shall accelerate resulting in the lead pumps decelerating until they equalize in speed.

· Further change in process variable shall cause the pumps to change speed together.

· When the set point and end of curve criteria can be safely satisfied with fewer pumps, the Technologic pump logic controller shall initiate a timed destage sequence and continue variable speed operation.

d. As the worst case zone deviates from set point, the Technologic pump logic controller shall send the appropriate analog signal to the AFD to speed up or slow down the pump/motor.

e. In the event of a system differential pressure failure due to a pump or AFD fault, the Technologic pump logic controller shall automatically start the next variable speed pump/AFD set in sequence and continue variable speed operation.

f. In the event of the failure of a zone sensor/transmitter, its process variable signal shall be removed from the scan/compare program. Alternative zone sensor/transmitters, if available, shall remain in the scan/compare program for control.  The zone number corresponding to the failed sensor/transmitter shall be displayed on the operator interface of the Technologic pump logic controller.

g. In the event of failure to receive all zone process variable signals, all AFDs shall maintain 100% speed, reset shall be automatic upon correction of the zone failure.

h. PUMP or AFD fault shall be continuously scrolled through the display on the operator interface of Technologic pump logic controller until the fault has been corrected and the Technologic pump logic controller has been manually reset. Provide a general alarm contact closure to be picked-up by the temperature control system alarm panel.

5.
Adjustable Frequency Drives (AFD):

a. General:

· The adjustable frequency drive(s) shall be pulse width modulation (PWM) type, microprocessor controlled design. Unit shall be the as manufactured by Square D Corporation, AC Tech, Graham, or ABB.

· The adjustable frequency drive shall convert 460 volts, 10%, three (3) phase, 60 Hz utility power to an adjustable frequency output for speed control from 33% to 100% of base speed. The drive must be modifiable to accept all standard input voltage form 200 to 575 V AC. The adjustable frequency control shall be designed exclusively for variable speed applications and shall be manufactured for ITT Bell & Gossett in the USA.

· The drive shall be Underwriters' Laboratories listed.

· The AFD shall be housed in a NEMA 1 enclosure.

b. Basic Design:

· AFD shall utilize a diode bridge rectifier to convert three phase AC to a fixed DC voltage. Power factor shall remain above 0.95 regardless of speed or load. AFDs employing power factor correction capacitors shall not be acceptable.

· Insulated gate bipolar transistors or intelligent power modules shall be used in the inverter section to convert the fixed DC voltage to a three phase, adjustable frequency, AC output. 

· The output carrier frequency shall be randomly modulated and selectable at 2, 4, or 10 kHz depending on drive rating for low noise operation. AFDs with an operable carrier frequency above 10 kHz shall not be acceptable.

· The AFD shall have a programmable fold-back function that shall anticipate a controller overload condition and fold back the frequency to avoid a fault condition.

· The AFD shall be suitable for elevations to 3300 feet above sea level without derating. Maximum operating ambient temperature shall not be less than 104 degrees F. AFD shall be suitable for operation in environments up to 95% non-condensing humidity.

· The AFD shall be capable of displaying the following information in plain English via an alphanumeric display:

· Frequency
-
Voltage

· Current
-
Kilowatts per hour

· Fault identification
-
Percent torque

· Percent power
-
RPM

· All AFDs shall be warranted for a period of 30 months from date of shipment or 24 months from date of start-up, whichever comes first. An optional 3-year warranty shall be available. This warranty shall cover parts only.

c.
Service Conditions:

· Elevation of 1,000 meters (3,300') without derating ambient temperature -20 to 40 C (4 to 104F); humidity to 95% non-condensing.

d.
Quality Assurance:

· To improve quality and eliminate premature failures, all drives shall be pre-tested and cycled with a motor load at an elevated ambient temperature.

e.
Warranty:

· All AFDs shall be warranted for a period of 24 months from the date of final system acceptance and pay out as described in the General Provisions of these specifications. Any warranty expense during that time shall be borne entirely by the manufacturer, including any travel costs or living expenses necessary to repair in warranty equipment.

f.
Start-Up Assistance:

· The manufacturer shall provide start-up assistance in the form of a factory trained service technician. Submit six (6) copies of final start-up and test report for review.

6. Hydro-pneumatic tank:

a.
Contractor shall furnish and install a pressurized expansion tank for the system as indicated on the drawings. The pressurized expansion tank will allow for system drawdown without pump operation and will also assist in maintaining a minimum run time on the pumps.  The expansion tank shall be provided by the pressure booster system manufacturer.  Tank shall be shipped loose for field installation.  

b.
Pressurized expansion tank shall be FDA rated for installation on domestic potable water systems and be of a vertical design with a heavy-duty butyl bladder.  The unit shall be constructed of a welded steel shell rated and stamped for 150 PSIG working pressure installations.  The unit shall have a bladder type construction of a heavy duty butyl rubber material.  The unit shall have a NPT system connection and shall be fitted with lifting rings, a floor mounted skirt for vertical installation, a NPT drain plug, and a .302” – 32 charging valve (standard tire valve) connection to facilitate on-site charging of the tank to meet system requirements.   The tank comes precharged from the factory at 12 PSIG, but must be field charged, in accordance with the manufacturer’s installation manual, to the same pressure as the system’s maximum output design pressure.  

c.
The tank shall be tied into the system via a slow fill / quick empty piping arrangement.  The arrangement shall consist of a balancing valve on the tank fill bypass (around the system supply line check valve) and a check valve on the system supply line that only allows flow out of the tank to the system.  The above described components and installation are to be provided by the contractor.

7. Sensor/Transmitters:

a. Pressure Sensor/Transmitter, one (1) sensor/transmitters for the combination domestic water system shall be provided. Provide ITT Bell & Gossett ST-102R field mounted differential pressure transmitter(s) (including mounting hardware) as indicated on the plans for each monitoring point. Unit shall transmit an isolated 4-20mA dc signal indicative of process variable to the pump logic controller via standard 18 gauge two wire shielded cable in a separate conduit from high voltage wiring (up to 2000’).  24 V DC power to the unit shall be provided by the Technologic controller. Unit shall have stainless steel wetted parts with two 0.5" male NPT process connections. It shall be protected against radio frequency interference and shall have a watertight, NEMA 4X electrical enclosure capable of withstanding –40F – 180F installations and 2000 PSI static pressure. Accuracy shall be within 0.25% of full span.

b. Flow Sensor/Transmitter (when required), One (1) flow transmitters for the combination heating/cooling water system shall be provided and installed as noted on drawings.  Flow sensor/transmitter shall be installed at a point in the system where uninterrupted flow from the pump(s) is present and were installation allows for 10 diameters of straight pipe upstream and 5 pipe diameters of straight pipe down stream of the device.  Provide an ITT Bell & Gossett ST-104 field mounted flow sensor/transmitter as indicated on the plans. Unit mounts through a standard 2” NPT ball valve for hot tap installations (supplied by contractor).  Unit shall be of a non-magnetic, turbine flow design and shall transmit an isolated 4-20mA dc signal indicative of system flow to the pump logic controller via standard 18 gauge three wire shielded cable in a separate conduit from high voltage wiring (up to 2000’).  24 V DC power to the unit shall be provided by the Technologic controller.  Unit shall be brass with bronze wetted parts and fittings.  Unit shall be protected against radio frequency interference and shall have a watertight, NEMA 4 electrical enclosure capable of withstanding 200 PSI static pressure. Accuracy shall be within +/-1% of flow rate between 1-30 fps.

8. Panel Incorporation with Building Automation System (BAS):

a. The variable speed control package has been designed to be a stand-alone controller.  At a minimum the variable speed package can be integrated into any BAS via its internal remote start/stop contacts (input) and its internal general alarm contacts (Model 1200 Controller). 

b. On systems where the stand-alone control must be integrated into the overall BAS system the model 5000 controller must be provided to allow for an RS-485 communication port.  The port shall be provided internal to the controller to allow for system interaction.  The RS-485 port can communicate with the following systems: Johnson Controls, Landis, Modbus Protocol, or ASHRAE BACnet.

c. On systems where the RS-485 communication port and its accompanying language can not provide a suitable bridge to the Building Automation System, but a level of communication greater than simple remote start/stop and general alarm are required, than the package shall be controlled and monitored in the following fashion.  The 5000 controller shall be provided to control the package and allow for the following means of integration.  The package shall be capable of remote start/stop and general alarm through two internal dry contacts.  The remote start/stop contact will enable the package and the general alarm contact shall be provided to notify a remote system of a package alarm scenario.  Additionally, a digital output card and analog output card(s) shall be provided on the package as an alternate means of system communication.  The digital output card provides up to 8 digital output signals that can be monitored by the Building Automation System.  The number and source of the digital output signals must be determined at the time of submittal to facilitate the programming of the logic controller to provide the appropriate number of digital outputs from the correct source inputs.  Each digital signal shall be an individual and isolated digital signal indicative of its programmed function.  Each digital output shall be transmitted via a separate two-wire 18 gauge non-shielded wire. Up to 8 digital outputs shall be selected from the following list:

· Pump Run (1 digital output per pump)

· Overall Pump Failure (1 digital output if any pump should fail)

· Drive Run (1 digital output per drive)

· Overall Drive Failure (1 digital output if any drive should fail)

· Drive Speed (1 digital output per drive)
Each package shall come standard with one programmable analog output.  Where additional analog outputs are required analog output cards shall be provided.  Each analog output card provides 2 analog output signals that can be monitored by the Building Automation System.  The number and source of the analog output signals must be determined at the time of submittal to facilitate the programming of the logic controller to provide the appropriate number of analog outputs from the correct source inputs.  Each analog signal shall be an individual and isolated analog signal indicative of its programmed function.  Each analog output shall be transmitted via a separate two-wire 18 gauge shielded cable. Up to 3 analog output cards can be provided on a package allowing for up to 6 additional separate analog outputs.  The analog outputs shall be selected from the following list:

· Drive Speed (1 analog output per drive)

· Remote Pressure Sensor Reading (1 analog output per sensor/transmitter)

2.03
Hot Water Circulation Pump
A. Manufacturer:

1.
Contractor shall furnish and install new hot water circulating pumps for domestic hot water recirculation systems as indicated on the drawings. Pumps shall be as manufactured by Bell & Gossett under base bid. Equivalent units as manufactured by Taco or Armstrong may be submitted as deduct alternates. Pumps shall meet types, sizes, capacities, and characteristics as scheduled on the Equipment Schedule drawings.

B
Wet Rotor Inline Pump: 

1.
The pumps shall be of the horizontal system lubricated type, specifically designed and guaranteed for quiet operation. Suitable for 230(F operation at 125 PSIG working pressure.  

2. The pumps shall have a ceramic shaft supported by carbon bearings.  Bearings are to be lubricated by the circulating fluid.  Pump shaft shall connect to a non-metallic Polypropylene impeller.  

3. Pump volute shall be of cast “lead free” bronze for domestic water systems.  The connection style should be of either sweat, flanged, or union design, as noted on schedule.

4. The motor stators shall be isolated from circulating fluid through use of stainless steel stator can.  Rotor to be sheathed in stainless steel.  

5. Motors shall be non-overloading at any point on the pump curve.  Motors to have built in impedance protection and shall be UL and CSA listed.

6. Pump shall be of a maintenance free design and be capable of operating in variable speed (varying voltage) applications.

7. Pump manufacturer shall be ISO-9001 certified.

8. Where noted on schedule a Bell & Gossett TC-1 Automatic Timer Kit shall be furnish and installed to increase the overall efficiency of a hot water recirculation system. The TC-1 timer control is programmable to turn a recirculator ON and OFF automatically.   This limits the run time of the recirculator to those times when high usage is expected during a day.

9. Where noted on schedule a Bell & Gossett AQ-1/2 or AQ-3/4 Aquastat shall be furnish and installed to increase the overall efficiency of a hot water recirculation system. The AQ aquastat shall thermostatically turn ON and OFF a recirculator automatically.   The aquastat shall switch the recirculator OFF at 120(F and ON at 100(F.  This limits the run time of the recirculator to those times when it is required during a day.  The AQ-1/2 senses temperature on ½” copper pipe and the AQ-3/4 senses temperature on ¾” copper pipe

C.
Permanently Lubricated Inline Pump: 

1. The pumps shall be of the horizontal permanently lubricated type, specifically designed and guaranteed for quiet operation. Suitable for 225(F operation at 150 PSIG working pressure.  

2. The pumps shall have a solid high-strength alloy steel shaft supported by XL11 permanently lubricated sealed precision bearings.  Bearings are to be permanently oil lubricated.  Pump shaft shall connect to a non-metallic Noryl impeller. 

3. Pump shall have integral stainless steel face plate and double sided stainless steel neck rings for increased life and seasonal start-up capabilities.

4. Pump volute shall be of cast bronze for domestic water systems.  The connection style on bronze pumps shall be flanged.

5. The motor shall be isolated from circulating fluid through use of a carbon/silicone seal attached on a stainless steel shaft sleeve. 

6. Motors shall be of an Open Drip-Proof design and shall be non-overloading at any point on the pump curve.  Motors shall be UL and CSA listed.

7. Pump shall be of a maintenance free design.

8. Pump manufacturer shall be ISO-9001 certified.

D.
3-Piece Inline Circulating Pump: 

1. The pumps shall be of the horizontal, oil-lubricated type, specifically designed and guaranteed for quiet operation. Suitable for 225(F operation at 125 PSIG working pressure.  

2. The pumps shall be composed of three separable components a motor, bearing assembly, and pump end (wet end).  The motor shaft shall be connected to the pump shaft via a replaceable flexible coupler.

3. The pumps shall have a solid precision ground and polished “oversized” stainless steel shaft supported within a separable bearing assembly.  

4. A cast iron constructed bearing assembly shall support the shaft via two horizontal bronze sleeve bearings designed to circulate in oil.  

5. Pump shall be equipped with an internally flushed mechanical seal.  Seal shall be of a carbon ceramic design with the carbon face rotating against a stationary ceramic face. 

6. Pump shaft shall connect to either a non-metallic or bronze impeller. 

7. A flexible type coupling, capable of absorbing torsional vibration, shall be employed between the pump and motor.  Coupler shall be constructed of a cast iron and flexible spring design for optimum noise dampening. 

8. Pump volute shall be of cast bronze for domestic water systems.  The connection style on bronze pumps shall be flanged.

9. To ensure alignment the motor shall be mounted to the bearing assembly via a bolted motor cradle and a rubber motor mount shall be used to assist in aligning the motor shaft with the pump shaft.

10. Motors shall be of an Open Drip-Proof design with internal sleeve bearings for quiet operation.  Motors shall be non-overloading at any point on the pump curve and be UL and CSA listed.

11. Pump shall be of a maintainable design and for ease of maintenance should use machine fit parts and not press fit components.

12. Pump manufacturer shall be ISO-9001 certified.

2.04
Domestic Water Balancing Valves
A.
Manufacturer:

1.
Contractor shall furnish and install manual flow control valves on the hot water recirculation system as indicated on the drawings. Circuit setters shall be as manufactured by Bell & Gossett under base bid.  Equivalent units as manufactured by Taco or Armstrong may be submitted as deduct alternates.  Circuit setters shall meet sizes and characteristics as specified in the following and as scheduled.  

B.
Domestic Water Balancing Valves: 

1. Balance valves through 2” shall be of a sweat connection style, model CB-S.  Valves to be of bronze body and brass ball construction with glass and carbon filled TFE seat rings.   Valves shall be rated for 200 PSIG at 250(F working temperatures.  

2. Balance valves that are installed on systems where less than 1.5 GPM of flow is present shall be of a sweat connection style; model RF.  Valves to be of bronze body and brass ball construction with glass and carbon filled TFE seat rings.   Valves shall be rated for 200 PSIG at 250(F working temperatures.  

3. All valve sizes and models shall be sized for proper GPM flow, shall be rated for bubble tight shutoff at full rated working pressure to ensure positive shut-off service, shall operate as presettable balance type devices, and shall operate as variable orifice flow measuring devices.  Valve readout port shall be fitted with internal EPT inserts and check valves. Valve bodies to have 1/4” NPT tapped drain/purge port. Valves to have memory feature calibrated nameplates to assure specific valve settings, and where noted molded insulation blocks shall be provided to cover the units.  Provide differential meter, Bell & Gossett type RO, for measuring pressure drops across valves and all necessary conversion charts and tables.  Valve capacities shall be readable as low as 0.2 GPM for 1/2” and 0.35 GPM for 3/4” models with 2’ readable pressure drop.  Permanent pressure drop created by the valve shall be 1’ maximum.

4. Circuit setters are proportional balancing devices and should be field balanced as such.  The balancing contractor should correctly perform a proportional balancing sequence to guarantee system balance.  Proper sequence includes, but is not limited to, field balancing all valves in a branch to all other valves in that branch based on their specified design proportions, repeat this step on all other branches, then field balancing all branch valves to each other based on their specified design proportions, finally (if needed) adjust the pump triple duty valve to balance the system to its specified flow or perform a pump impeller trim in lieu of adjusting the triple duty valve.  When balancing is complete, a balancing report shall be prepared and presented to the Owner including all tagging information, valve locations, valve settings, charts, tables, and other applicable information.  

2.05
Domestic Water Vents
A.
Manufacturer:

1.
Contractor shall furnish and install model 78 domestic water vents on the hot water recirculation system as indicated on the drawings. Domestic water vents shall be as manufactured by Bell & Gossett or Hoffman under base bid.  Equivalent units as manufactured by Taco or Armstrong may be submitted as deduct alternates.  Domestic water vents shall meet sizes and characteristics as specified in the following and as shown on drawings.  

B.
Domestic Water Vents: 

1. Automatic air vents shall be installed on all risers and where indicated on drawings.  

2. Vents shall be of a float operated automatic design.  Valves shall be constructed of a cast brass body with 3/4” male straight shank, a stainless steel internal float, and a stainless steel  internal check valve.  

3. Vent shall be rated for a maximum operating pressure of 150 PSIG.

4. Vent shall be top tapped for safety drain connection. 

5. Safety drain shall be piped to a flow drain

3.00
PART 3 - EXECUTION
3.01
INSTALLATION;

A. All components shall be installed in accordance with manufacturer’s installation instructions.

B. Lubricate oil-lubricated pumps before start-up.

C. Proper access space around a device should be left for servicing the component.  No less than the minimum recommended by the manufacturer.

D. Provide an adequate number of isolation valves for service and maintenance of the system and its components.  

E. Provide temperature and pressure gauges where and as detailed or directed.

F. Provide an adequate number of isolation valves for service and maintenance of the system and its components.

G. Circulating pump shall have sufficient capacity to circulate the scheduled GPM against the scheduled external head (feet) with the horsepower and speed as scheduled and/or as denoted on the drawings. Motors shall be of electrical characteristics as scheduled, denoted and/or as indicated on the electrical plans and specifications. Pump characteristics shall be such that the head of the pump under varying conditions shall not exceed the rated horsepower of the drive motor.

H. All piping shall be brought to equipment and pump connections in such a manner so as to prevent the possibility of any loads or stresses being applied to the connections or piping. All piping shall be fitted to the pumps even though piping adjustments may be required after the pipe is installed.

I. On components that require draining, contractor must provide piping to and discharging into appropriate drains.

J. Power wiring, as required, shall be the responsibility of the electrical contractor.  All wiring shall be performed per manufacturers instruction and applicable state, federal, and local codes.

K. Control wiring for remote mounted switches and sensor / transmitters shall be the responsibility of the controls contractor.  All wiring shall be performed per manufacturers instructions and applicable state, federal, and local codes.

3.02
DEMONSTRATION;

A. The system manufacturer or factory-trained representative shall provide start-up of the any packaged pumping system.  This start-up shall include verification of proper installation, system initiation, adjustment and fine-tuning.  Start-up shall not be considered complete until the sequence of operation, including alarms, has been sufficiently demonstrated to the owner or the owner’s designated representative.  This jobsite visit shall occur only after all hook-ups, tie-ins, and terminations have been completed.  A start-up reports outlining factory provided start-up and equipment performance shall be provided to the Architect/Engineer after it completion.  

B. Manufacturer's trained representative shall provide on-site training for any packaged systems for the owner’s designated personnel.  The training shall fully cover maintenance and operation of all system components. 

C. Four (4) copies of the maintenance and operation manuals for all plumbing system components shall be submitted to the Architect/Engineer.

END OF SECTION 15450

