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SECTION 22000 – Domestic Water Booster Pumps
PART 1 -   GENERAL

1.1 SECTION INCLUDES
A. Skid- Mounted Pumping Package

B. Integral Drive Controller (IDC)
C. Variable Frequency Drive (VFD)
D. Sensors/Transmitters

E. Sequence of Operation
1.2 DESIGN CRITERIA
A. The drawings indicate sizes, profiles, connections and dimensional requirements of plumbing pumps and based on the specific manufacturer types and models indicated.

B. Pumps having equal performance characteristics by other manufacturers may be considered, provided that deviations in dimensions and profiles do not change the design intent and performance.

1.3 TESTING & APPROVING AGENCIES

A. Where items of equipment are required to be provided with compliance to U.L., C.S.A., E.T.L., or other testing and approving agencies, the contractor may submit a written certification from any nationally recognized testing agency, adequately equipped and competent to perform such services, that the item of equipment has been tested and conforms to the same method of test as the listed agency would conduct.

1.4 SUBMITTAL DATA

A. Provide manufacturer's literature for all products specified in this Section, which will be installed under this project.

B. Provide performance curves for all pumps. Plot the specified operating point for each pump on its respective curve.

C. Provide complete literature for all components of packaged systems. These include pump performance, data for all accessories and valves and complete wiring diagrams specific to the exact unit to be supplied. The wiring diagram shall indicate all required field and factory wiring.

PART 2 -  PRODUCTS

A. Domestic Water Booster System
Pumps shall be Taco Model VM or approved equal. The pumps shall be vertical inline multi- stage design. The capacities and characteristics shall be as called for in the plans/schedules.
Pump outer casing shall be 316 Stainless Steel with piping connections either Victaulic® or ANSI flanges rated for 300 psi.

Pump shall have type 316 Stainless Steel wetted parts.
1. Each impeller shall be fitted with a Teflon seal ring. 
2. The mechanical seal shall be suitable for the full pressure and temperature range of the pump and shall be fitted with carbon rotating face and silicon carbide stationary face.

3. The thrust bearing must be connected to the adaptor and shaft coupling in such manner as to eliminate pump thrust loads from the motor, allowing standard NEMA “TC” frame design motors to be used.

4. The suction and discharge headers shall be made of 304 stainless steel. 
5. The system shall include mainly the pump & motor assemblies on a common structural steel base, integral control rack, VFD (‘s) and integrated VFD controller (IDC), electrical connection enclosure, suction and discharge piping & headers.

6. The system shall include stainless steel suction & discharge ball valves, and non-slam check valve on the discharge. They shall be plumbed together using a grooved mechanical pipe joining system.
7. The discharge of each pump shall be fitted with a check valve. Each pump and discharge valve assembly shall also be equipped with isolation valves so that the pump can be serviced.

8. One 0-10Vdc single point pressure sensor to be wired by others to properly execute the sequence of operation. 
9. The system shall require only suction and discharge connections and a single point power connection. 
10. Field connection of remote sensor and connection to building automation system (BAS) shall installed by controls contractor as indicated on the plans.
11. All components shall be mounted on a structural steel base suitable for grouting.

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

B. Integrated Drive Controller
1. The pump system controller (IDC) shall be integrated with each variable frequency drive as one unit.

2. The controller shall be microprocessor based capable of access via personal computer  to facilitate software changes and updates. The controller shall have a fully graphic, multilingual display with a large, bright, backlit graphic display to provide complete drive information.

3. The controller shall provide internal galvanic isolation to all digital and analog inputs as well as all fieldbus connections.

4. The controller shall display the following as status readings from a single display on the controller 

(i) Current value of the control parameter.
(ii)
Most recent existing alarm (if any).
(iii)
System status with current operating mode.
(iv)
Status of each pump with current operating mode and rotational speed as a percentage.

5. The controller shall have as a minimum the following hardware inputs and outputs:

(i) 2 Analog Inputs (4-20mA or 0-5Vdc or 0-10Vdc).
(ii) 6 Digital Inputs (Programmable and 2 can be used as outputs).
(iii) 1 Analog Output (Programmable).
(iv) 2 Standard Form C 240V Relay.
(v) Ethernet connection.
(vi) Field Service connection to PC.
6. All analog inputs shall be provided with current limit circuitry to provide short circuit protection and safeguard against incorrect wiring of sensors.

7. Pump system programming shall include the following protections:

(i) Ground Fault

(ii) Motor stall

(iii) Motor over temperature

(iv) Motor compensation & overload

(v) Pump no-flow 

(vi) Dry Pump
(vii) Fault Tolerant Control

(viii) Pump end of curve

(ix) Short-cycle

8. The controller shall be capable of receiving a remote analog set point (0-5V, and 0-10V).
9. No flow shutdown shall not require any external flow meters or flow switches or pressure switches to determine when a NO FLOW condition exists. 

10. The controller shall be compatible with the following communication protocols via the RS-485 port:

(i) Johnson Controls Metasys (N2)
(ii) Siemens Building technologies system 600 (FLN)
(iii) BACnet, FC Protocol
(iv) Modbus RTU systems

C. Variable Frequency Drive (VFD)

1. The VFD shall convert incoming fixed frequency single – phase or three phase AC power into a variable frequency and voltage for controlling the speed of the three phases AC induction motors. 

2. The VFD shall be a six-pulse input design, and the input voltage rectifier shall employ a full wave diode bridge; VFD’s utilizing controlled SCR rectifiers shall not be acceptable. The output waveform shall closely approximate a sine wave. The VFD shall be of a PWM output design utilizing current IGBT inverter technology and voltage vector control of the output PWM waveform.

3. The VFD shall be in a NEMA 1, 12 & 4X enclosures with mechanical, electrical disconnect.
4. The VFD will be mounted on the control rack utilizing vibration isolating gromets capable of reducing the system vibration transmission to the VFD 

5. The VFD shall provide internal DC link reactors to minimize power line harmonics and to provide near unity power factor. 

6. The VFD shall be able to provide its full rated output current continuously at 110% of rated current for 60 seconds.

7. Automatic motor adaptation (AMA) algorithm shall be utilized. This feature shall allow for automatically optimized drive performance and efficiency leading to additional energy savings.

8. The VFD shall provide full torque to the motor given input voltage fluctuations of up to +10% to 15% of the rated input voltage.

9. The VFD 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 VFD shall be suitable for operation in environments up to 95% non-condensing humidity.
10. The VFD shall be capable of displaying the following information in plain English via a 40- Character alphanumeric display:

(i) Frequency

(ii) Voltage

(iii) Current

(iv) Actual System Set point

(v) Actual System Demand

(vi) Kilowatts per hour

(vii) Fault identification

(viii) Percent torque

(ix) Percent power

(x) RPM

D. Electrical Connection
1. The main electrical connection shall be made through a single NEMA 4 steel enclosure with a hinged gasketed door.

a. The enclosure will contain the terminals to split the incoming power to each drive.

b. The enclosure shall be U.L. labeled, and factory prewired 

E. Sensor/Transmitters
1. Provide field mounted single point pressure sensor transmitter(s) as indicated on the plans. Unit shall transmit an isolated 0-5V or 0-10V DC signal indicative of process variable to the integrated drive controller via standard two wire 24VDC system.
2. Unit shall have stainless steel wetted parts and a ceramic diaphragm with one ¼” male NPT process connection. 

3. A pressure snubber shall be required to protect against any water hammering. Accuracy shall be within 0.25% of full span.

4. A certification of final calibration shall be required for each sensor/transmitter.
F. Sequence of Operation
1. The IDC shall compare the sensor signal to the independent DCC representative determined set point

2. When all the point is satisfied by the process variable, the pump speed shall remain constant at the optimum energy consumption level.

3. The IDC shall continuously scan and compare the process variable to the set point and control to satisfy the set point.

4. If the set point cannot be satisfied by the designated lead pump, the IDC shall initiate a timed sequence of operation to stage a lag pump.

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

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

7. No-Flow Detection:

(i) In addition to staging a pump off when it is running at minimum frequency, the VFD can also monitor the power provided to the motor by the drive. If this power is low for the operating speed, a no-flow condition is indicated. 

(ii) The no-flow power level for each drive/pump combination can be easily determined by using an automated macro during system start-up. If a drive’s output power for its operating speed indicates a no-flow condition and the No-Flow Delay timer expires, the drive will enter a sleep condition and turn off.
8. End-Of-Curve Detection:

(i) End-of-curve detection is meant to detect a situation where a broken pipe causes one or more pumps to run at full speed and create excessive flow without reaching the set point pressure, the LEAD drive will issue a warning to indicate this.
9. Dry Pump Protection:

(i) 
This feature is used to detect if a pump has run dry, such as improper system

fill at start up or when a pump has been out of service and restarted without water. This condition can cause pump damage if not detected and corrected promptly.

10. IDC Duplex operation:

(i) Both VFD’s will be configured to be the LEAD and LAG Pump.

(ii) The first VFD will act as the LEAD drive, using its PID controller to control the pressure based on sensor readings. The word LEAD PUMP will be displayed on the screen.

(iii) The second VFD will act as the LAG drive, it will be instructed when to run by the LEAD drive. The word LAG PUMP will be displayed on the screen.

(iv) The role of LEAD and LAG drive will be alternated between the 2 VFDs based on a predetermined time schedule. The system can also be manually altered by simultaneously pressing the [OK] and [RIGHT] keys on drive 1’s keypad.

(v) In the event that the LEAD pump cannot maintain the load it will bring on the LAG pump and both will run in unison to maintain pressure. Once the VFDs reach a predetermined low speed together the LAG VFD will turn off and the LEAD VFD will maintain the load.

(vi) In the event that either drive should fail the other will automatically take over regardless of the timer.

(vii) The feedback signal will be piggybacked to both VFDs.

(viii) Stall protection will be provided in the event that either of the pumps should experience a stall or locked rotor.

(ix) A personal menu in the drive will be set to allow the operator to easily access the pressure set point, the LEAD-LAG timer settings, and to access the sensor range.

(x) In the event that the pressure sensor should fail the VFD will go to a predetermined speed and remain there until the sensor is repaired. The LAG VFD will display the “Live Zero” alarm while the LEAD VFD will continue to run with a warning “Live zero”.

11. IDC Triplex Operation:

(i) A pressure feedback signal is compared to a pressure set point. The LEAD drive uses IDC’s PID to analyze the error between the pressure feedback and set point and to adjust the speed of the system to correct for any error. An auto-tuning algorithm is provided in the drive to simplify adjustment of the system. The drives my Personal Menu allows for easy access to the pressure set point.

(ii) The three VFD’s will work in unison to control the flow required to maintain building domestic water pressure. The VFDs are set up such that all three can act as the LEAD, LAG1 or LAG2 VFD. The lead drive will be cycled on a rotation that will allow for similar run time for all of the pumps.

(iii) When VFD #1 is the LEAD it will operate standalone until such time that it can no longer maintain pressure. If VFD #1 can no longer maintain pressure it will bring on VFD #2 (First lag pump), and these pumps will operate in unison to control the flow required to maintain building pressure. If VFD #1 and VFD #2 cannot maintain flow then VFD#3 (Second lag pump) will be started and all three VFD’s will operate in unison to control the flow to maintain building pressure. Once the pressure begins to rise above set point with all three VFDs running at minimum speed then the two lag pumps will sequentially be dropped off and the lead pump will control the flow to maintain building pressure.

(iv) On a regular schedule the VFD’s will share the time as the LEAD pump, LAG pump #1 and LAG pump #2. The control of the alternation schedule will be maintained within VFD #1, and in the event of a failure of this pump the VFD#2 will become the lead pump and remain this way until the schedule in pump #1 is re-engaged.

(v) In the event that any of the VFDs should go into a failure or alarm mode then the VFD next in line will pick up the control.

(vi) The sensor that is being used to control the building pressure will be daisy-chained to all three VFDs to give the active lead drive access to the sensor reading. The installing contractor will only be responsible to wire the sensor into the control relay box (CRB); the daisy-chaining will be wired in the factory.
PART 3 -  EXECUTION
3.1
 INSTALLATION

A. Install pumps in accordance with manufacturer’s requirements.

B. Provide drains for bases and stuffing boxes piped to and discharging into floor drains

C. Support piping adjacent to pump such that no weight is carried on pump casings.

D. Support suction guide and discharge elbow from a floor stand with rubber and shear sandwich pad isolators or from above with hangers and spring isolators

E. Check motor and pump lubrication points, fill oil reservoir on in-inline of pumps

F. Provide vibration isolated pipe hangers (resilient support) next to pumps on piping.

G. Pressure sensor to be mounted immediately downstream of main water softener assembly 

H. Field connection to BACnet interface is by controls contractor.

3.2 
FIELD QUALITY CONTROL
I. Test pumps and systems to verify capacity, sequence of operation and flow.

3.3   START-UP AND TRAINING

J. Manufacturer’s representative to review and approve installation.

K. Manufacturer’s representative to participate in start-up of domestic water booster systems.

L. Manufacturer’s representative to provide operator training in the operation, maintenance and adjustment of the domestic water booster systems.

A. PERFORMANCE

B. Refer to pump schedule.
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