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FOREWORD

The intent of Design Standards is to specify requirements that assure effective design and delivery of fit for purpose Water Corporation infrastructure assets for best whole-of-life value with least risk to Corporation service standards and safety. Design standards are also intended to promote uniformity of approach by asset designers, drafters and constructors to the design, construction, commissioning and delivery of water infrastructure and to the compatibility of new infrastructure with existing like infrastructure.

Design Standards draw on the asset design, management and field operational experience gained and documented by the Corporation and by the water industry generally over time. They are intended for application by Corporation staff, designers, constructors and land developers to the planning, design, construction and commissioning of Corporation infrastructure including water services provided by land developers for takeover by the Corporation.

Nothing in this Design Standard diminishes the responsibility of designers and constructors for applying the requirements of the Western Australia's Work Health and Safety (General) Regulations 2022 to the delivery of Corporation assets. Information on these statutory requirements may be viewed at the following web site location: 
Overview of Western Australia’s Work Health and Safety (General) Regulations 2022 (dmirs.wa.gov.au)
Enquiries relating to the technical content of a Design Standard should be directed to the Principal Engineer, Electrical Section, Infrastructure Design Branch. Future Design Standard changes, if any, will be issued to registered Design Standard users as and when published.

Manager, Infrastructure Design Branch

This document is prepared without the assumption of a duty of care by the Water Corporation.  The document is not intended to be nor should it be relied on as a substitute for professional engineering design expertise or any other professional advice.

Users should use and reference the current version of this document.

© Copyright – Water Corporation: This standard and software is copyright.  With the exception of use permitted by the Copyright Act 1968, no part may be reproduced without the written permission of the Water Corporation.

DISCLAIMER

This Standard is intended solely for application to the acquisition of water infrastructure in Operating Areas in Western Australia where the Water Corporation has been licensed to provide water services subject to the terms and conditions of its Operating License.

This Standard is provided for use only by a suitably qualified professional design engineer who shall apply the skill, knowledge and experience necessary to understand the risks involved and undertake all infrastructure design and installation specification preparation work.

Any interpretation of anything in this Standard that deviates from the requirements specified in the project design drawings and construction specifications shall be resolved by reference to and determination by the design engineer.

The Corporation accepts no liability for any loss or damage that arises from anything in the Standard including loss or damage that may arise due to the errors and omissions of any person.
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1 General

1.1 Scope

This Specification covers the requirements for the design, manufacture assembly,  delivery, factory testing, commissioning and documentation  of  a pump drive system in a pressure booster pump station having individual pump drives rated <37 kW.

Electrical work to be provided by the VSC Contractor shall include:

(a) variable speed controllers,

(b) pump drive master/slave cascade control system (either a single controller or dual controllers as specified in the Annexure). 

This Specification shall be read in conjunction with the accompanying Annexure and any Principal’s drawings listed therein.  

1.2 Definitions

(a) VSC


The term VSC shall be deemed to mean variable speed controller.

(b) VSC Contractor

The term VSC Contractor shall be deemed to mean the contracting entity providing the goods and services specified in clause 1.1 above.
1.3 Contract Arrangement

This Specification may form part of the contract documents for the supply of the works described herein or may form part of the contract documents for the supply of an overall electrical installation, as specified in the Annexure.

1.4 Related Type Specifications   

In addition to the requirements specified in this Specification, the work shall comply with the following Corporation Type Specifications and the associated annexures:

DS26-09 Type Specification for L.V. Switchboards - General Requirements

DS26-19 Type Specification for Small Low Voltage Variable Speed Controllers 

In the event of a conflict between this Specification and the above type specifications, this Specification shall take precedence. 
2 Site 

The location of and access to the site for the installation of the pressure booster pump drive system shall be as shown in the Annexure.
3 Ambient Conditions

The electrical equipment shall be suitable for operation under the ambient conditions specified in the Annexure at the maximum load and in the specified operating mode. 
The pressure booster pump drive system will be located indoors or outdoors, as specified in the Annexure.

Equipment specified to be located outdoors shall be housed in enclosures which have an IP rating of not less than IP55W and shall be suitable for installation in a location which is protected from direct solar radiation.

4 Operating Mode

The pump drive system shall consist of a number of equally sized variable speed drives connected to identical pumps.
The pump drive control system shall vary the number and speed of running pumps continuously so as to maintain the pump station delivery pressure in accordance with predetermined formulae, all as specified hereunder.  
The pump drive system shall be configured to maintain the pump station delivery pressure at the values specified in the Annexure in the most efficient manner while maintaining an adequate differential pressure across the pumps.

5 Electrical Work by Others 

5.1 Electrical Work by the Principal

The following work will be provided by the Principal unless specified otherwise in the Annexure:
(a) provision of  a Low Voltage electrical supply to the site,

(b) supply and installation of the standby generating set for future operation, but not for commissioning purposes,

(c) provision of protection against direct solar radiation  onto equipment, 

(d) any other work specified in the Annexure

5.2 Electrical Work by the Electrical Installation Contractor 

The following work will be provided by the Electrical Installation Contractor unless specified otherwise in the Annexure:
(a) Pump station switchboard including:

i. The SCADA remote terminal unit,

ii. Ethernet switches

iii. Site PLC  which provides, an interface to the pressure booster pump drive systems, and  an interface to the site SCADA  remote terminal unit, 

iv. Operator interface panel,

(b) Supply and installation of a master duty selector switch
(c) Supply and calibration of pressure transmitters and delivery of same to site

(d) Delivery of VSC’s to site
(e) Unpacking of VSC’s at site and inspecting same to ensure that no mechanical damage has occurred during transit
(f) Mechanical installation of VSC’s as per VSC Contractor’s specified requirements, 

(g) Installation and connection of all cabling including connections to and from the VSC’s in accordance with the VSC Contractor’s requirements,

(h) Temporary supply of generating set for site tests,

(i) any other work specified in the Annexure.

5.3 Electrical Work by the Mechanical Contractor

The following work will be provided by the Mechanical Contractor unless specified otherwise in the Annexure:

(a) supply and mechanical installation of the pump drive motors,

(b) mechanical installation of pressure transmitters, 

(c) supply and  mechanical installation of the by-pass solenoid valve (not directly relevant to this contract),

(d) supply and mechanical installation of magnetic flow meter (not directly relevant to this contract),

(e) any other work specified in the Annexure

6 Information to be Provided by the VSC Contractor

The VSC Contractor shall provide the following documentation in respect to the pump drive system equipment within the listed number of days after receipt of the Principal’s order:

(a) Equipment general arrangement drawings

14 days

(b) Complete and detailed electrical connection diagrams including terminal designations 
 14 days

(c) Details of any special earthing connections and requirements
                                          14 days

(d) VSC mounting requirements

14 days

(e) VSC addresses of all data listed clause 18 hereunder

28 days

(f) Technical data sheets

35 days

(g) Inspection and test plan

35 days

(h) Test certificates    
                                                 within 7 days of completion of commissioning

(i) Comprehensive operating 



& maintenance manual
                                      within 14 days of completion of commissioning

7 Drawings

All drawings relating to electrical equipment provided by the VSC Contractor shall be in accordance with the latest issue of the relevant Australian Standards and shall be available in electronic format.
Adequate contrast shall be maintained between drawing and background, and the clarity and quality of the drawings shall enable the Principal to microfilm the prints and to reproduce, by photographic processes, clear and legible A3 copies for records purposes.

The drawings shall provide, in the title block, the number and title of the Contract, as well as details to identify the drawing, its contents, revision status, and date of issue.

8 Standards

The workmanship, equipment and materials provided in accordance with this Specification shall comply in design, construction, rating, and performance with the relevant Australian Standards and codes. In their absence, relevant International Standards, together with the requirements of competent Authorities having jurisdiction over all or part of the manufacture, installation and operation of the equipment shall be adhered to. Compliance with Statutory requirements shall include any amendments made after the date of tender.  

Specific reference is made within this Specification to the following Australian Standard: 

AS 60529 Degrees of Protection by Enclosures (IP code)

9 Quality Assurance

Electrical equipment and software shall be designed, manufactured, tested and installed under a Quality System certified by an Accredited Authority to be in accordance with AS/NZS ISO 9001 or an approved equivalent.

All software to be installed in equipment being provided under the scope of this Specification shall be developed by the equipment manufacturer and shall have been tested successfully in the manufacturer’s works before delivery in accordance with clause 20.  

10 Electrical Work

All electrical work shall be performed by appropriately qualified and experienced personnel each of whom shall have a current electrical work’s license to perform such work.

11 Pump Drive System 
11.1 General

(a) The pump drive system shall consist of up to six (6) slave variable speed pump drives as specified in the annexure.

(b) If the pump drive system is specified in the Annexure to be equipped with a single cascade controller, one of the variable speed controllers shall be equipped with a cascade controller.  This variable speed drive shall be designated Units 1.
(c) If the pump drive system is specified in the Annexure to be equipped with dual cascade controllers, two of the variable speed controllers shall be equipped with cascade controllers.  These variable speed drives shall be designated Unit 1 and Unit 2 respectively.
(d) The pump drive system shall be under the supervisory control of a site programmable logic controller (PLC) which will be provided by others.
(e) The number of pressure booster pumps and drives to be installed initially (ie as part of this contract) shall be specified in the Annexure and the motors shall be identical in respect to rating and characteristics. 

(f) For the purposes of this Specification, the pump station output pressure feedback signal to the control system shall be the differential pressure across the pumps, ie the control target pressure shall be set in terms of pump delivery main to suction main differential pressure.
(g) All VSC’s shall be supplied with a normally closed contact input, which when opened will stop the VSC, but will return to VSC to normal operation when reclosed.

The circuits connected to these inputs will be monitored by the PLC.

The PLC will consider that a particular VSC is unavailable if any of the following conditions exist:


(i) 
unit fault,
(ii) 
unit not on auto,

(iii) 
unit stop input contact circuit open
(iv)  unit mains fail

11.2 Operation with Dual Cascade Controllers

(a) In pump drive systems having dual cascade controllers, either Unit 1 VSC or Unit 2 VSC shall act, at any one time, as the “master VSC” and the other of these shall revert to operation as a “slave VSC”.



The duty master controller shall control the speed of its associated VSC and the other VSC’s so as to maintain the pump station output pressure within required limits as specified hereunder.

(b) Which master unit is to operate as the duty master unit and which master unit is to operate as the alternate master unit shall be controlled by the PLC.



The PLC shall first transmit a “master call” data bit to the unit to be selected as master followed, after a short delay, by a “master enable” data bit.



The unit selected to run as master shall not run in master mode unless it has both “master call” and the “master enable” data bits present. 



The PLC shall stop the whole system by deleting both “master call’ and both “master enable” data bits from the signals to Units 1 and 2.

(c) The PLC will be interlocked to prevent Units 1 and 2 being called to run as master concurrently and to prevent a change in duty master selection in the event of a failure of the Ethernet link to either Unit 1 or Unit 2. 

(d) The PLC will select either Unit 1 VSC or Unit 2 VSC to be the master VSC based operator preference and unit availability.



Operator preference will be signalled to the PLC by a duty select switch.



Unit availability will be determined by the PLC on the basis of data signalled from Unit 1 VSC and from Unit 2 VSC in accordance with clause 18.2.

(e) The master unit selected as the alternative master unit shall operate as a slave unit under the control of the duty master unit. . 

(f) Unit 1 VSC and Unit 2 VSC shall be configured such that each VSC unit fault indication is initiated by faults in both the VSC proper and its associated cascade controller.

12 Communications

(a) Communications between each variable speed controller (VSC) and the PLC shall be via Ethernet links which will be provided by others.  Should communications over the Ethernet link be lost, each VSC shall retain the last valid message and continue to act accordingly.  
(b) All command signals from the duty master unit to the slave units shall be direct wired and shall be independent of the PLC and the Ethernet links.  Similarly all command signals between dual cascade controllers (if fitted) shall be direct wired and shall be independent of the PLC and Ethernet links.
(c) The above direct wired communication links will be hard wired in accordance with the VCS Contractor’s standard design.  Such wiring will be executed in 7 strand 0.5mm2 copper conductor, PVC sheathed, overall screened, PVC sheathed cable (with steel wire armouring if liable to mechanical damage).

          The use of common return conductors will not be permitted.

The VSC’s will be installed such that the length of these communications cables will not exceed 30  metres.
13 VSC Specification

13.1 General

Except as modified by this Specification, the variable speed controllers shall be in accordance with Water Corporation Type Specification DS26.19 and the project specific DS26.19 Annexure attached to this Type Specification.

13.2 Motor Thermal Overload Protection

The VSC’s shall provide motor over temperature protection by the use of internal digital thermal models of the motors when supplied by the current waveform generated by the associated VSC.

13.3 Under Load Protection

The VSC’s shall be equipped with under load protection sometimes termed “dry pump protection”. The under load protection shall trip the associated  VSC on fault if the motor input power is continuously less than 90% of the normal power requirement for 30 seconds.  

14 Local Control Selector Interface

Each variable speed controller (VSC) shall be provided with a control panel and screen which shall include facilities to allow the VSC control mode to be selected by the operator to be “auto” or “off” or “manual”.

If the proprietary equipment standard nomenclature is “auto on” or “off’’ or “hand on”, a label shall be provided indicating “hand control = manual control” 

15 Digital Control and Alarm Interfaces
15.1 General
Each VSC shall be fitted with an Ethernet interface which shall be connected to the site PLC via an Ethernet switch located adjacent to the PLC.
15.2 Alarms and Operating Condition Information

Alarm and operating conditions information as specified clause 18 shall be transmitted from each VSC to the site PLC via the above Ethernet links.

15.3 Control Auxiliary Power Supply

Each VSC shall be fitted with an auxiliary power supply option card which shall enable the connection of an external 24 VDC power source to keep the control board and options active in the event of a mains power failure. 
15.4 Commands

Fault reset commands as specified clause 18 shall be transmitted from the site PLC to each VSC via the above Ethernet links.

15.5 Definitions of Control Terms


The following definitions shall apply:


Pshs = set point, maximum allowable suction pressure for pump operation


Psls = set point, minimum allowable suction pressure for pump operation 


P1s = set point, differential output pressure with one pump running at minimum flow rate


Pts = set point, differential required output pressure with all pumps running at full speed, (default value = 110% of P1s)


Psa = actual value, suction pressure


Fts = set point, system design maximum flow rate


Fa = approximate actual flow rate (as calculated from the number of pumps in operation) 
15.6 Control Set Points  

15.6.1 Transmitted Set Points

Set points Pshs, 0.95 Pshs, Psls, 1.1 Psls, Pts, P1s and Fts shall be signalled to each master/slave cascade controller via the associated Ethernet link.

However each master/slave cascade controller shall be configured so that if these signals are lost, the last received values are remembered and the system continues to operate on the basis of these stored set points. 

These values shall be remembered unless both the 415 VAC power supply and the 24 VDC control auxiliary power supply fail.

15.6.2 Initial Control Set Point Values

Prior to commissioning all of the above set points shall be set at the values shown in the Annexure 

16  Basic Output Pressure Control 

16.1 Analogue Control Signals

The analogue signals from a separate pair of 4/20 mA differential pressure and suction pressure transmitters shall be connected to each master/slave cascade controller. 

If one of these control signals falls below 2 mA, the associated cascade controller shall be locked out on fault. 
All analogue signals from the pressure transmitters shall be passed through low pass filters within each controller before being used within the controller for control and indication purposes.

Such low pass filters shall have a time constant of 5 seconds.
16.2 Control Target Pressure

For various reasons it is important that the pumps do not run when the suction pressure rises above a specified maximum (Pshs) or falls below a specified minimum (Psls).

Hence logic shall be included in the cascade controllers so that if Psa rises to >Pshs and remains above that value for more than 30 seconds, the variable speed drives are switched to sleep mode and remain so until Psa falls to < 0.95*Pshs for more than 30 seconds.

Similarly logic shall be included in the cascade controllers so that if Psa falls to <Psls and remains below that value for more than 30 seconds, the variable speed drives are switched to sleep mode and remain so until Psa rises to >1.1*Psls for more than 30 seconds.
When energised and not in sleep mode, the cascade controllers shall control the selection and speed of pumps so as to maintain the output pressure at:

P1s + (Pts-P1s)*(Fa/Fts)^2


16.3  Use with Diaphragm Tank

16.3.1 Pump Station No Flow Detection

If the pressure booster pump station has been specified in the Annexure to operate into a diaphragm tank the pressure booster pump drive system shall include facilities to detect a pump station no flow condition. 

The pump station no flow condition shall be determined by system output power calculation at minimum speed and no flow functions as detailed hereunder shall be implemented after the no flow condition has persisted for 20 seconds. 

16.3.2 Action on Pump Station No Flow Detection

In the event of a master controller detecting a persistent no flow condition as described in para. 16.3.1 above, the control system shall put the selected master unit into sleep mode.

16.3.3 Duty Master Awakening 

(a)
Once put into sleep mode by a persistent no flow condition as described para. 16.3.1 above, the duty master unit shall not be restarted for the period specified in the Annexure.

(b)
After the above time has elapsed, the duty master shall start up once the differential pressure has fallen below the pressure specified in the Annexure
17 Cascade Controller Functions

17.1 Motor Data

Facilities shall be provided to allow the following motor data shown in the Annexure to be entered for use in control algorithm calculations:

(a) motor rated power,

(b) motor rated voltage,

(c) motor rated frequency,

(d) motor rated current.

(e) motor rated speed,

(f) allowable motor minimum frequency,

(g) allowable motor maximum frequency,

17.2 Staging Control Data

17.2.1 General

Facilities shall be provided to allow the following control data to be entered for use in control algorithms:
(a) number of pumps to be controlled,  

(b) current limit

(c) ramp up time,

(d) ramp down time,

(e) de-staging delay,

(f) staging delay,
(g) de-staging frequencies

(h) staging frequencies  
 

17.2.2 Number of Pumps

The cascade controllers shall be capable of controlling a total of either 6 pumps or 8 pumps as specified in the Annexure. However at commissioning the number of pumps entered into the cascade controller shall be the number of pumps installed at the time and the cascade controller shall operate satisfactorily provided at least 2 pumps are connected to the system. 
17.2.3 Current Limit

The current limit shall be the motor current limit during acceleration and deceleration periods. 
The current limit shall be adjustable between 100% and 130% of motor full load current unless specified otherwise in the Annexure. 
17.2.4 Ramp Up Time

The ramp up time shall be the time required to accelerate one of the drives from standstill to motor rated frequency without exceeding the output current limit. 

The settable range of ramp up time shall be from 1 second to >1000 seconds and the value to be set at commissioning shall be determined by the VSC Contractor. 
17.2.5 Ramp Down Time 

The ramp down time shall be the deceleration time from rated motor frequency to standstill without causing undue over voltages in the VSC’s or unacceptable torque pulses in the controlled system. 

The ramp down setting shall be determined by the VSC Contractor. 

17.2.6 De-staging Delay

A de-staging delay shall be provided in the cascade controller algorithm so as to prevent fast cycling off of slave pumps. 
The settable range of the de-staging delay shall be 1 second to > 1000 seconds. 
The de-staging delay setting shall be determined by the VSC Contractor. 

The staging delay setting shall be determined by the VSC Contractor.
17.2.7 Staging Delay

A staging delay shall be provided in the cascade controller algorithm so as to prevent fast cycling on of slave pumps. 
The settable range of the staging delay shall be 1 second to > 1000 seconds.  
17.2.8 De-staging Frequency

The de-staging frequency shall be defined as the VSC output frequency at which the cascade controller shuts down one slave pump. 
The de-staging frequencies shall be set initially as detailed in the Annexure.

An automatic tuning function shall be provided within the cascade control algorithm which shall optimize de-staging frequencies so as to minimize pumping energy usage.

17.2.9 Staging Frequency

The staging frequency shall be defined as the VSC output frequency at which the cascade controller starts up an extra slave pump. 
The staging frequencies shall be set as detailed in the Annexure.

17.3 Control Set Points 

Control set points shall be signaled to the cascade controllers from the site PLC. (Para. 15.6 above refers.)
17.4 Slave Unit Selection 

17.4.1 Pump Cycling

The cascade controllers shall include algorithms which cycle the slave pumps so as to distribute running hours over all pumps.

Facilities shall be provided to enable and disable this facility. 

Unless specified otherwise in the Annexure, the system shall be commissioned with the pump cycling facility enabled.

17.4.2 Selection of Unavailable Unit 

If a unit which is unavailable as per clause 11 is selected as a slave unit, the duty master controller shall detect that the particular unit is not responding and after a minimum delay shall try all other slave VSC’s in turn in the normal manner.
17.4.3 PID Algorithm

The cascade controllers shall each include a proportional integral differential (PID) pressure control algorithm tuned to this particular application.

18 Ethernet Data

18.1 Data from VSC’s

The following alarm and operational conditions shall be transmitted to the PLC over the Ethernet link from each variable speed controller as per para. 15.2:

(a) Digital indications


(i)
 “unit low suction pressure” 
from each master unit – to be indicated only if the  unit suction pressure transmitter is healthy

(ii)
“unit pressure Tx  fail”  
from each master unit


(iii)
“unit motor running” 
from each unit including master unit(s)

(iv) 
“unit fault” (summary) 
from each unit including master unit(s)

(v)  
“unit auto”
from each unit including master unit(s)

(vi)   
“unit manual” 
          from each unit  including master unit(s)

(vii)
 “unit comms. link healthy” 
          from each unit including master unit(s)
(b) Analogue values


(i)
“unit control pressure”
from each master unit

(ii)
“unit suction pressure”
from each master unit


(iii)
“motor frequency %”
from each unit  including master unit(s)

(iv)
“motor power”
from each unit  including master unit(s)

(v) 
“motor current” 
from each unit including master unit(s)

(vi) 
“motor running hours” 
from each unit including master unit(s)


(vii) 
“unit control mode” 
from each master unit



(binary 3 = unit on master)
(c) Word outputs


(i) VSC warnings 
from each unit including master unit(s)

(ii) VSC trip alarms 
from each unit including master unit(s)
18.2  Data to VSC’s

The following command data shall be transmitted from the PLC over the Ethernet link to the variable speed controllers:
(a) Digital commands

(i). “unit 1 master call”

to “unit 1”

(ii). “unit 1 master enable”

to “unit 1”

(iii). “unit 2 master call”

to “unit 2”

(iv). “unit 2 master enable”

to “unit 2”

(v). “unit” fault reset


to each unit including master units

(b) Analogue values

(i). Pshs set point



to master unit(s)
(ii). Pshs 95% set point


to master unit(s)
(iii). Ps1s  set point 



to master unit(s)
(iv). Ps1s  110% set point 


to master unit(s)
(v). P1s  pressure set point 


to master unit(s)
(vi). Pts  pressure set point 


to master unit(s)
(vii). Fts  system max. flow 


to master unit(s)
Rate set point
19 Local Alarm and Operating Condition Data

The following alarm and operating condition data shall be able to be displayed at each variable speed controller:
(a) Digital signals


(i) “unit fault” (summary)
at all units including master unit(s)


(ii) “unit faults by type of fault”
at all units including master unit(s)


(iii)“unit suction pressure out of limits” 
         at master unit(s) only


(iv) “unit running ”  
at all units including master unit(s)

(v) “unit auto”
at all units including master unit(s)

(vi) “unit called”
at all units including master unit(s)

(vii) “unit off”
at all units including master unit(s)

(viii) “unit manual”
at all units including master unit(s)

(ix) “ unit comms. healthy” 
at all units including master unit(s)

(x) “unit pressure Tx  fail” 
                     at master unit(s) only

(b) Analogue values

(i) “motor frequency %” 
at all units including master unit(s)
(ii) “motor power” 
at all units including master unit(s)
(iii) “motor current”  
at all units including master unit(s)
(iv) “motor thermal %” 
at all units including master unit(s) 
(v) “VSC current %”  
at all units including master unit(s)

(vi) “VSC control card temperature
at all units including master unit(s)
(vii) “unit delivery pressure”  
                     at master unit(s) only

(viii) “unit suction pressure”  
                     at master unit(s) only

(c) Word outputs



(i)VSC warnings
at all units including master unit(s)


(ii)VSC trip alarms
at all units including master unit(s)

(d) Nomenclature

Local alarm and operating condition data shall be displayed using the Contractor’s standard nomenclature. 

Where the Contractor’s standard nomenclature differs from the nomenclature used in this Specification, the manual being supplied as per clause 24 shall include an explanation cross referencing the Contractor’s standard nomenclature to the nomenclature indicated in this Specification.
20 Delivery and Mechanical Installation

The VSC Contractor shall deliver the pressure booster pump drive system equipment to the Electrical Installation Contractor’s works and shall unpack and assemble it as necessary ready for factory acceptance testing.

The VSC Contractor shall inspect the unpacked equipment and shall ensure that no equipment is damaged. 

The VSC Contractor shall give the Principal 7 days notice of when the equipment will be ready for delivery to the Electrical Contractor’s works. 
21 Factory Acceptance Testing

Factory testing of the system consisting of the SCADA remote terminal unit, the pump drive system and the switchboard, including the PLC, Ethernet switches and the operator interface panel, shall be carried out at the Electrical Installation Contractor’s works in the presence of, and to the satisfaction of, the Principal’s representative. 

Firstly the VSC Contractor shall demonstrate conformance with Specification and the correct operation of the variable drive system proper in isolation from the PLC and in accordance with the inspection and test plan provided in accordance with clause 6.

Once these tests have been completed satisfactorily, the Electrical   Installation Contractor shall connect the variable drive system proper to the PLC and thence to the complete electrical system, and shall carry out further testing in conjunction with the VSC Contractor so as to demonstrate the correct operation of the whole electrical system.

Once factory acceptance testing is complete, the VSC Contractor shall repack the pump drive system equipment ready for delivery to site by the Electrical Installation Contractor. 

22  Commissioning

The Principal shall give the VSC Contractor 7 days notice of when the installation of mechanical plant and all electrical equipment including connecting cables will be complete.

The VSC Contractor shall verify that the equipment supplied under the Contract has been installed and connected in accordance with the Contractor’s instructions.

The VSC Contractor shall commission the pressure booster pump drive system in conjunction with the Electrical Installation Contractor and in accordance with the approved inspection and test plan. 

The VSC Contractor shall record all commissioning tests carried out and shall present the Principal with a formal signed test certificate. 
23 As Constructed Information

The VSC Contractor shall provide as constructed information on all VSC Contractor’s drawings. As constructed drawings shall conform to the requirements of clause 7.
As constructed drawing information shall include details of the hardware and software configurations applied to the particular project.

24 Manuals

The Contractor shall supply 3 copies of comprehensive instruction manuals, written in English, pertaining specifically to the works provided under the Contract, and covering the complete operation and maintenance of all equipment supplied.

The manuals shall be printed on high grade A4 sized paper and each shall be bound in a high grade A4 size loose leave binder.



Information included in the manuals shall include:

(a) detailed descriptions of functions performed 

(b) operating instructions

(c) safety instructions and warnings

(d) maintenance instructions and warnings

(e) recommended spare parts and special tools list,

(f) as constructed connection diagrams

(g) detailed performance specifications, and 
(h) test reports and test certificates
25 Spare Parts

The VSC Contractor shall guarantee to hold in Perth Western Australia one set of complete electronics spare parts for the cascade controllers and variable speed controllers.
26  Technical Support

The VSC Contractor shall maintain a comprehensive and timely level of technical support in Perth Western Australia for all equipment supplied under the Contract.

27  Training

The VSC Contractor shall supply, as part of the Contract, training for the number of Water Corporation electrical technicians specified in the Annexure. Such training shall cover commissioning as well a first line fault finding and first line servicing of the cascade controllers and the variable speed controllers. 

Annexure to Specification
for

Pressure Booster Pump Drive Systems

Contract Arrangement:

(i.e. stand alone contract or subcontract; if subcontract specify main contract details)
Site: 



Type of access to site: 

Pump Drive System Location (outdoors or indoors): 


Electrical Work by the Principal (Clause 5.1 refers) 

Electrical Work by the Electrical Installation Contractor (Clause 5.2 refers)

Electrical Work by the Mechanical Contractor (Clause 5.3 refers)

Equipment Operating Environment
(a) Height above sea level
metres
(b) Maximum ambient air temperature 
oC
(c) Minimum ambient air temperature 
oC
(d) Maximum ambient air relative humidity
%

(e) Ambient air borne contaminants


Annexure to Specification
for

Pressure Booster Pump Drive Systems

Number of Cascade Controllers (single or dual) 

Required values at commissioning:

(a) Pshs = max. allowable suction pressure for pump operation, metres H2O = 


(b) Psls = max. allowable suction pressure for pump operation, metres H2O = 


(c) P1s = set point, output pressure with one pump running at minimum flow, metres H2O = 
O
(d) Pts = set point, required output pressure with all pumps running at full speed, (default value = 110% pf Pls),  

metres H2O = 
O

(e) Fts = flow rate with all pumps running at full speed, m3/hr. =


(f) Initial Staging and de-staging frequency settings:

Staging                          De-staging

(i)
1st slave called 
Hz

Hz

(ii)
2nd slave called 
Hz

Hz

(iii)
3rd slave called 
Hz

Hz

(iv)
4th slave called 
Hz

Hz

(v)
5th slave called
Hz

Hz

Pressure Transmitter Range Settings

(a) Suction pressure Tx. 20 mA upper range limit, metres H2O = 


(b) Control pressure Tx. 20 mA upper range limit, metres H2O = 


Motor Data 

(a) Type of motor - designed specifically for converter supply, yes or no
 

If yes, no dV/dt filter necessary and DS26.16 clause 21.6 does not apply.
(b) Motor rated power, kW= 

(c) Motor rated voltage, volts = 


(d) Motor rated frequency, Hz =
 
(e) Motor rated current, amps = 


(f) Motor rated speed, rpm = 


(g) Allowable motor minimum frequency, Hz = 


(h) Allowable motor maximum frequency, Hz = 


(i) Current Limit, % of motor full load current = 


(j) Maximum Length of Cable Run from VSC to motor, metres =

  

No Flow Functions
System for use with diaphragm tank, yes or no 


If yes:

(i)
 Differential pressure to wake up master VSC, metres < 


(ii)
Minimum sleep time, secs. 


(default value = 

Pump Cycling Facility
(To be activated or not activated during commissioning) 


Training 
To be provided for
Water Corporation technicians.

 VSC Type Specification DS26.19 Specific Data

Input Power Supply Characteristics

(a) Frequency tolerance =
+/- 
%

(b) Phase to phase voltage =  volts


(c) Mains input power supply fault level =  
kVA 

(d) Standby generator rating = 
kVA

(e) Max. allowable L.V. input power supply voltage THD = 
 %

Enclosure
Protection class as per AS 60529  =  IP  


Cable connection (i.e. top or bottom entry): 


Front access only required or not required: 


Mounting 

(i.e. separately wall mounted  or separately floor mounted): 


VSC  415 VAC Power Supply Input Filters
Required or not required 


Type required (i.e. line reactors or harmonic filters):

On master VSC’s  


Rating of above % = 


On slave  


Rating of above % = 
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