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PREFACE 
 

© SA WATER 2007 
 

This is an intellectual property of the South Australian Water Corporation. This document is 

copyright and all rights are reserved by SA Water. No part may be reproduced, copied or 

transmitted in any form or by any means without the express written permission of SA Water. 

 

The information contained in these Standards is strictly for the private use of the intended 

recipient in relation to works or projects of SA Water.  

 

These Standards have been prepared for SA Waterôs own internal use and SA Water makes no 

representation as to the quality, accuracy or suitability of the information for any other 

purpose.  

It is the responsibility of the users of these Standards to ensure that the application of 

information is appropriate and that any designs based on these Standards are fit for SA 

Waterôs purposes and comply with all relevant Australian Standards, Acts and regulations. 

Users of these Standards accept sole responsibility for interpretation and use of the 

information contained in these Standards.  

SA Water and its officers accept no liability for any loss or damage caused by reliance on 

these Standards whether caused by error, omission, misdirection, misstatement, 

misinterpretation or negligence of SA Water. 

Users should independently verify the accuracy, fitness for purpose and application of 

information contained in these Standards. 

 

The currency of these Standards should be checked prior to use. 

 
 

NO CHANGES REQUIRED IN THE JANUARY 2007 EDITION 

 

The following lists the major changes to the August 2000 edition of TG 13: 
 

1. Nil  
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1. GENERAL  

 

1.1 COMPLIANCE WITH STANDARDS AND REGULATIONS 

 

The design of electrical installations must comply with the following: 

 

 AS/NZS 3000, other applicable Australian Standards and IEC Standards, 

 service and installation rules, terms and conditions and technical standards of the 

electricity supplier and 

 requirements of Austel, Australian Communications Authority and other statutory 

and regulatory authorities. 

 

Requirements for the supply and installation of low voltage equipment are to be in 

accordance with SA Water Standard TS 79 which should be included in the tender 

documents. 

 

There is currently no SA Water Standard for the supply and installation of high 

voltage equipment. However, Appendix B provides examples of typical requirements 

for high voltage switchgear for incorporation into equipment specifications. In 

addition, relevant clauses in TS 79 may be applied to the LV and ELV components in 

high voltage installations where appropriate. 

 

1.2 DESIGN CRITERIA 

 

1.2.1 General 

 

The design criteria must be ascertained and agreed with SA Water during all stages of 

investigation, concept design and detailed design in order to achieve a value-for-

money installation that is fit for the purpose and with minimum or negligible risks to 

SA Water. The design criteria are to include but not be limited to those outlined in the 

following sub-sections. 

 

1.2.2 Life Cycle Costs 

 

The designs should be innovative and incorporate the appropriate techniques and 

technology, in conjunction with the selection of appropriate equipment, to minimize 

the life cycle costs while satisfying the operation and maintenance requirements. 

 

In particular, the capitalised cost of energy consumption must be considered in 

determining the life cycle costs.  In addition to selecting the appropriate tariff (refer to 

Section 2.4), the installations are to be designed for minimum energy consumption, 

such as with the use of high efficiency motors, variable speed drives, smart controllers 

etc.  
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An example of the use of smart controllers is dynamic pump control which has the 

ability to continuously adjust the start and stop setpoints to minimize pumping during 

peak tariff periods and to achieve the target tank level at the specified time. 

 

1.2.3 Security of Operation 

 

The installations are to be designed such that failure of a single item of equipment or a 

fault in a particular area of an installation is confined to the associated part of the 

installation and does not affect the continuous operation of the remaining parts of the 

installation where possible. 

 

Sufficient redundant electrical equipment and spare parts are to be provided so as not 

to exceed the allowable downtimes for all or part of the installation following the 

failure of a single item of equipment. This may require the provision of dual supply 

feeders, split switchboards, spare circuit breakers, spare supply transformers, spare 

power supply units, standby generators and other essential equipment. 

 

1.2.4 Reliability  

 

The installations are to be designed to minimize the likelihood of a failure, taking into 

consideration the electricity supply characteristics, ambient conditions, load 

characteristics and operation and maintenance requirements.  

 

1.2.5 Upgradability  

 

The installations are to be designed to facilitate future upgrades where applicable. 

 

1.2.6 Interchangeability 

 

The installations are to be designed to maximize the interchangeability of components 

and assemblies as far as practical to improve flexibility and reduce the spare parts 

inventory. For example, using the same circuit breaker frame size (in conjunction with 

the appropriate protection settings) for different motor ratings. 

 

1.2.7 Operation, Maintenance and Fault Finding Facilities 

 

The installations are to be provided with suitable and adequate facilities to allow ease 

of operation, maintenance and fault finding. 

 

1.2.8 Environmental 

 

The installations are to be designed and suitable equipment selected to avoid or 

minimize unacceptable impact on the environment as far as possible. For example, the 

issues of toxic insulating oil or gas in switchgear and transformers, noise, visual 

impact etc will need to be addressed. 
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1.2.9 Occupational Health and Safety 

 

The installations are to be designed with the safety and welfare of operation and 

maintenance personnel in mind and to comply with statutory regulations. Noise, 

hazardous materials, accessibility are examples of issues that need to be considered. 

 

1.2.10 Hazardous Areas   

 

Hazardous areas are to be identified and classified in accordance with AS/NZS 2430. 

The classification and extent of the hazardous areas should be reduced by the 

appropriate measures in accordance with AS/NZS 2430 wherever practical or 

economically feasible. 

 

Wherever possible, electrical equipment and wiring should not be located in classified 

hazardous areas. Where this is unavoidable, the selection and installation of electrical 

equipment in hazardous areas are to be in accordance with AS 2381. 
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2. ELECTRICITY SUPPLIES 

 

2.1 GENERAL 

 

Relevant information regarding the proposed installation must be submitted to the 

electricity supplier as early as possible during the concept design stage to enable 

sufficient time to resolve all issues relating to the electricity supply which may affect 

the overall costs and design of the installation (eg fault levels, voltage regulation, 

power factor correction, motor starting currents, harmonics, earthing and availability 

of supply as required by the construction program). 

 

Where a new supply is required or an existing supply is inadequate, SA Water will be 

required to contribute to the cost of providing or upgrading the electricity supply. In 

most cases, this cost may be offset by the revenue rebate applicable to the installation 

as determined by the electricity supplier. Adequate information should be submitted to 

the electricity supplier to enable the rebate to be determined. 

 

2.2 SOURCES OF SUPPLY 

 

A single source of supply is generally adequate for most installations. Where the mean 

time to repair any single fault (eg switchgear, transformer, feeder) associated with a 

single supply is considered unacceptable, a redundant supply should be provided using 

one of the arrangements shown in Table 2.1 subject to the consideration of costs and 

consequences of loss of electricity supply. 

 

Redundant Supplies 

Source Requirements Typical Installations 

Single supply with 

multiple 

transformers 

Single feeder fed from two or 

more similarly sized 

transformers connected in 

parallel with each 

transformer separately 

switched on both primary and 

secondary sides to allow the 

faulty transformer to be 

isolated and the remaining 

transformers to continue 

supplying the plant, albeit at 

a reduced capacity. 

Major water pumping 

stations and where it is not 

economic or feasible to 

provide dual supplies or a 

standby generator (eg due to 

the location or size of loads). 

Single supply with 

standby generator 

The standby generator should 

be sized to supply all 

essential loads and to permit 

the largest motor to be started 

as the last load with all other 

loads on line. 

Water treatment plants, 

sewage pumping stations, 

hydro-pneumatic pumping 

systems, other systems with 

little or no storage capacity, 

or where downtime cannot be 
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Redundant Supplies 

Source Requirements Typical Installations 

tolerated and it is not 

economic or feasible to 

provide dual supplies. 

Dual supplies from 

single source 

Dual feeders each fed from 

one or more transformers 

with all transformers supplied 

from the same substation. 

Feeders to be installed in 

separate routes to prevent a 

fault in one feeder affecting 

the other. 

Major installations where a 

high level of supply 

availability is required but 

the costs to provide a standby 

generator (due to the size) or 

separate independent supply 

sources cannot be justified. 

The existence of on-site 

power generation needs to be 

considered in the case of 

waste water treatment plants. 

Dual supplies from 

separate independent 

sources 

Dual feeders each fed from 

one or more transformers 

which are supplied from 

separate substations. Feeders 

and associated transformers 

to be installed in separate 

routes and locations to 

prevent a fault in one supply 

system affecting the other. 

Critical sewage pumping 

stations and waste water 

treatment plants where 

continued operation of the 

plant is essential and 

downtime cannot be 

tolerated. The existence of 

on-site power generation 

needs to be considered in the 

case of waste water treatment 

plants. 

 

TABLE 2.1 - REDUNDANT SUPPLY ARRANGEMENTS 

Where dual supplies are provided, the incoming supply arrangements to the main 

switchboards are to be in accordance with Section 5.2. 

 

2.3 SUPPLY VOLTAGES 

 

The preferred supply voltage is 415 V (see note below). Where this is not practical, 11 

kV should be used subject to detailed consideration of the following: 

 

 Electricity supplierôs requirements. 

 Capital cost (electricity supply, transformers, switchgear, motors, spare parts etc). 

 Characteristics of connected loads (load currents, starting currents etc). 

 Net present value of operating costs (transformer losses, motor efficiency, 

maintenance costs etc). 

 Additional costs associated with the operation and maintenance of HV switchgear 

(eg preparation of switching sheets and switching training). 

 Other physical constraints such as available building spaces etc. 
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Where it is determined to be more cost effective to provide 3.3 kV equipment for the 

installation (refer to Section 3.3), the  installation should preferably be supplied from 

11 kV via a local 11/3.3 kV substation taking into consideration the costs of 

construction and maintenance of the substation. 

 

Other supply voltages should not be used unless agreed with SA Water.  

 
Note: Australia has adopted and is in the process of implementing the IEC standard supply voltages in 

accordance with AS 60038. The nominal values of the low voltage supply system will become 230/400 V 

(3 phase 4 wire) and 230/460 V (single phase 3 wire). 

 

2.4 TARIFFS 

 

Currently, most SA Water LV installations are connected to ETSA Utilitiesô 

superseded Industrial Tariff 130 and Industrial Off-Peak Tariff 131 (including 

weekend off-peak option) while special tariffs apply to the HV installations which are 

mostly associated with the major pipelines. 

 

While this arrangement may continue for existing and some new installations, it is 

anticipated that with the introduction of the National Electricity Market, SA Water 

will need to negotiate a new agreement with an appropriate supplier for a suitable 

tariff. Details of any new agreement should be ascertained from SA Water before 

commencing discussions with the electricity supplier (refer to Section 2.1). 

 

2.5 ELECTRICITY SUPPLIERôS METERS 

 

The electricity supplierôs meters should preferably be located such that they are 

accessible to the electricity supplierôs personnel without the need to enter SA Water 

buildings. Lockable meter panels which are approved by the electricity supplier and 

located on exterior walls of buildings are preferred. 

 

2.6 HARMONICS AND VOLTAGE FLUCTUATIONS 

 

The installations are to be designed and suitable equipment provided to ensure the 

limits of harmonics and voltage fluctuations caused by the equipment are in 

accordance with the appropriate Australian Standards, the Distribution Code and the 

electricity supplierôs requirements. 
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2.7 POWER FACTOR 

 

The power factor of the installations is to be in accordance with the Distribution Code 

and the electricity supplierôs requirements. It may be necessary to provide power 

factor correction equipment to achieve the required power factor (refer also to Section 

5.3). 

 

2.8 EARTHING SYSTEMS 

 

The control of dangerous step, touch and transfer voltages must be incorporated in the 

design of earthing systems for HV installations. 

 

Voltage grading control for LV installations is generally not considered necessary 

except in special circumstances including but not limited to the following: 

 

 LV installations in close proximity to supply authority HV substations where 

dangerous step, touch and transfer voltages can arise within or in the vicinity of 

the LV installations. 

 LV installations within an HV installation. 

 High fault level combined with high earth resistivity. 

 Electricity supplierôs requirements. 

 

The steel reinforcement bars of concrete floor slabs where electrical equipment is 

located are to be connected to the earthing systems in accordance with Drawing 

88 419 for all HV installations and for LV installations where voltage grading control 

is required. 

 

Ready access to the earthing system connections should be provided for inspection 

and testing purposes. 

 

2.9 POWER TRANSFORMERS 

 

Pad-mount transformers are preferred.  

 

Where oil-filled transformers are installed in environmentally sensitive areas, a facility 

should be provided to contain any oil leakage (eg transformer mounting pad with 

integral bund wall). 

 

Where practical, a facility should be provided for the connection of a local óworking 

earthô to the high voltage terminals with the use of earthing straps or similar as part of 

the isolation switching procedure (refer to Section 5.6.5). 
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2.10 CONTROL SUPPLIES 

 

Uninterruptible power supply (UPS) units are to be provided for the control and 

monitoring of critical equipment which requires no-break operation in the event of a 

mains supply failure, eg SCADA and telemetry systems. 

 

UPS or battery backed power supply units should also be provided for other 

equipment which requires continuous operation during a mains supply failure, eg 

remote telemetry units, critical instrumentation and control equipment, emergency 

valve closure. 
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3. ELECTRIC MOTORS 

 

3.1 GENERAL 

 

Three phase motors in all power ratings are preferred. Single phase motors are less 

efficient and reliable than three phase motors and the maximum rating that can be 

connected to the electricity supply at present is about 7.5 kW. Single phase motors 

should only be used where a three phase supply cannot be economically provided. 

However, it should be feasible to use standard three phase motors on a 480 V single 

phase supply with variable speed drives which convert a single phase input to three 

phase output with the inherent benefits of variable speed drives. 

 

3.2 DUTY AND RATING 

 

The motor rating applicable to the particular duty type as defined in AS 1359.101 

should not be less than 110% of the maximum load input power requirement after 

derating for the effects of ambient temperature and other effects such as harmonics. 

For a typical pumping unit, the continuous running duty type S1 should be used. 

 

3.3 VOLTAGES 

 

Single phase motors may be either 240 V or 480 V depending on the available supply 

voltage. 

 

For three phase motors, 415 V should generally be used up to about 630 kW rating. 

For higher power requirements, it may be possible to configure a larger number of 

smaller motors to satisfy the same overall mechanical and hydraulic requirements of 

the plant as a smaller number of larger motors so that 415 V motors can still be used. 

The costs of additional plant units, pipeworks, building spaces etc will need to be 

considered. 

 

11 kV motors are preferred where 415 V motors are not considered feasible for higher 

power requirements. The actual changeover point will depend on detailed assessment 

of the factors indicated in Section 2.3 and whether there are other 11 kV motors being 

supplied from the same switchboard. For example, where an installation consists of a 

combination of large and small motors being supplied from the same switchboard and 

the size of the largest motor determines that 11 kV is required, it may be more cost 

effective to supply some or all of the smaller motors at 11 kV even though the motor 

ratings may be smaller than 630 kW. 

 

However, where soft starters or variable speed drives are required and as it may not be 

feasible or economic to provide these at 11 kV, the use of 3.3 kV motors in 

conjunction with an 11/3.3 kV substation may be the only viable option. 
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3.4 FIXED SPEED 

 

AC squirrel cage induction motors are preferred due to their simplicity, low 

maintenance, low cost, high efficiency and reliability. 

 

DC motors should not be used. 

 

3.5 VARIABLE SPEED 

 

Variable voltage variable frequency (VVVF) drives in conjunction with ac squirrel 

cage motors are preferred where variable speed is required. Refer also to Section 3.1 

regarding the use of variable speed drives on 480 V single phase supplies. 

 

It is important to ensure that power deratings are considered for motors operating at 

low speed which will result in less effective cooling, and where harmonics exist or are 

generated in the electricity supply which can cause increased heating effect. 

 

In some applications, two-speed motors or additional fixed speed motors of differing 

sizes may be considered as a viable and much cheaper alternative to variable speed 

drives. 

 

All variable speed drives must comply with the Standards on Electromagnetic 

Compatibility (AS/NZS 61000.3 series which are identical to the international IEC 

Standards). Suitable harmonics and EMI filters, screened motor and control cables 

and/or other devices are to be provided in accordance with the Standards and 

manufacturerôs requirements (refer also to Section 2.6). 

 

3.6 STARTERS 

 

Direct-on-line starting should be used wherever possible subject to the electricity 

supplierôs agreement. 

 

Where reduced voltage starting is required, closed-transition auto transformer starters 

or soft starters are preferred. Where it is not possible to meet the starting current 

restrictions, even with auto transformer starters or soft starters, consideration should 

be given to the viability of using variable speed drives or a larger number of smaller 

units. This will depend on the application and the cost compared with that of the 

alternative of upgrading the electricity supply system (see also Section 2.1). 
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3.7 ANTI-CONDENSATION HEATERS 

 

Anti-condensation heaters should be provided for all indoor and outdoor motors rated at 

15 kW and above and for smaller outdoor motors where the motors are likely to remain 

idle for a continuous period of one week or longer. 

 

Anti-condensation heaters are not required where: 

 

(1) the motors are fully submersible (ie have a degree of protection of IP68 to AS 

1359.20) or 

 

(2) there is insufficient space in the motor enclosure to accommodate the heaters. 

 

3.8 MOTOR PROTECTION 

 

Control, monitoring and protection of motors are to be provided in accordance with 

Section 7.5. 

 

3.9 MOTOR COOLING 

 

Water-cooled motors are preferred where assisted cooling is required (eg large high 

voltage motors). This should be considered in conjunction with the building 

ventilation. 

 

3.10 HIGH VOLTAGE MOTOR TERMINALS 

 

Where possible, terminals of high voltage motors should be accessible for inspection 

and testing without the need to dismantle the terminations. 

 

3.11 SAFETY ISOLATION 

 

Motor isolating switches, either in the motor supply circuits or control circuits, must 

be lockable in the open or off position. 

 

3.12 OUTDOOR MOTORS 

 

Motors installed outdoors in direct sunlight are subject to considerable heat load from 

the sun. Such motors should be adequately derated to allow for the external heating or 

provided with a sun shield to protect the motor from direct sunshine throughout the 

year. Where sun shields are used, they should not obstruct the motor terminal boxes. 
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4. POWER OUTLETS & LIGHTING 

 

4.1 GENERAL 

 

All single phase and three phase socket outlets are to be protected by residual current 

devices (RCDs) including those supplied from portable generators. 

 

Lighting fittings should be of high efficiency and high power factor and require 

minimum maintenance. 

 

4.2 POWER OUTLETS 

 

(1) Internal to Buildings 

 

 Adequate number of 10 A socket outlets are to be provided at convenient 

locations. 

 Dedicated socket outlets are to be provided where required for maintenance or 

other special purposes (eg supply to RTUs, UPSs). 

 

(2) External to Buildings 

 

 Socket outlets should not be located where accessible to the public. 

 Weatherproof single phase and three phase socket outlets are to be provided 

where required for maintenance purposes. 

 

4.3 LIGHTING 

 

(1) Internal to Buildings 

 

 Lighting fittings should be fluorescent for general illumination, or high 

pressure sodium, mercury vapour or metal halide luminaires where flood 

lighting is required. 

 Two-way switching should be provided for galleries, tunnels etc. 

 Switching should be arranged in two or more banks where practical. One bank 

is to provide a general illumination level adequate for safe access and casual 

inspection of equipment. Additional bank(s) are to provide a higher 

illumination level required to carry out specific tasks (eg detailed inspection, 

maintenance, repairs). 

 Battery backed emergency lighting is to be provided if deemed necessary for 

safe exit and/or to comply with statutory requirements. 

 

 

 

 

(2) External to Buildings 
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 Area lighting is generally not required for unattended automatic installations 

except where it is essential for emergency operations and maintenance of 

critical installations at night (eg sewage pumping stations and waste water 

treatment plants). The  lights should be manually controlled. 

 Security lighting is generally not required. However local lighting should be 

provided for safe entry and exit to buildings and structures if deemed 

necessary to comply with statutory requirements. This should be controlled 

automatically by day light switches with manual overrides. 

 Lighting fittings should be vandal proof and weatherproof. High pressure 

sodium, mercury vapour or metal halide luminaires are preferred. 

Fluorescent luminaires may be used for small areas such as above entrance 

doors.  
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5. SWITCHBOARDS AND CONTROL PANELS 

 

5.1 GENERAL 

 

Switchboards, control panels and other cubicles housing electrical equipment are to be 

located inside a building wherever practical to enable operations and maintenance to be 

carried out under all weather conditions. They should be located such as to minimize the 

likelihood of being affected by flooding, hosing down operations or leaks in pressurized 

systems. Concrete plinths are to be provided for floor mounted cubicles where the floor is 

likely to be damp or subject to ingress of water.   

 

Adequate clearances are to be provided around switchboards and control panels for 

easy and safe access for operation and maintenance particularly for withdrawable 

switchgear. 

 

Buildings housing switchboards and control panels are to be provided with adequate 

ventilation so that the maximum temperature inside switchboards and control panels 

does not exceed the design temperature of the equipment. It is preferable to rate the 

switchboards and control panels for the maximum ambient temperature than to 

provide closed circuit air conditioning (cooling) for the switchroom. This may result 

in larger and more expensive switchboards. However, the additional cost for the 

switchboard should be compared with the capital cost, operation and maintenance 

costs as well as the consequential costs due to failure of the air conditioning 

equipment. 

 

Where a fault in the electrical equipment is likely to create a fire hazard, the 

equipment is to be arranged and located so as to reduce or eliminate the hazard. Where 

this is not possible, fire protection measures are to be incorporated in the building 

design, eg remotely monitored fire detection system via the SCADA/Telemetry 

system, fire rated barriers, doors and windows. 

 

5.2 ARRANGEMENTS FOR DUAL SUPPLIES  

 

5.2.1 High Voltage Dual Supplies 

 

The main HV switchboard is to be split into two separate sections with a physical gap 

or barrier between them. A tie switch is to be provided in each section of the 

switchboard with the two tie switches connected by cables (refer to Figure 5.1). 

 

The normal operation is for both tie switches to be closed with the supply taken from 

the preferred supply. 

 

It is essential that a fault in one section of the switchboard will not affect the continued 

operation of the other section. A fire rated barrier should preferably be provided 

between the two sections. 
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This principle is to be applied to all HV sub-switchboards which are provided with 

dual supplies. 

 

5.2.2 Low Voltage Dual Supplies 

 

The main LV switchboard may be a single unit incorporating a single tie switch in the 

middle of the switchboard (refer to Figure 5.2). 

 

The normal operation is for the tie switch to be closed with the supply taken from the 

preferred supply. 

 

This principle is to be applied to all LV sub-switchboards which are provided with 

dual supplies. 

 

5.2.3 Automatic Changeover 

 

Wherever practical, automatic changeover of supply (to the backup supply on loss of 

the preferred supply after a time delay and to the preferred supply on its return) is to 

be provided for all installations with dual supplies. Where a standby generator or on-

site generator is provided for major plant loads, the generator should automatically 

start and connect to the loads on failure of the mains supply. 

 

5.3 POWER FACTOR CORRECTION 

 

Provision should be made in the main switchboard for installation of the appropriate 

switchgear for the connection of power factor correction capacitors. The switchgear 

and capacitors need not be installed unless specifically required by the electricity 

supplier to comply with the requirements of the National Electricity Code. 

 

5.4 SURGE PROTECTION 

 

The installations are to be protected against damage by lightning surges and transient 

voltages by the provision of surge arrestors in the incoming supply. 

 

5.5 CABLE ENTRIES 

 

Wherever possible, all incoming and outgoing cables should enter the switchboards or 

motor starter cubicles by bottom entry via conduits cast in concrete floors or via 

covered floor ducts. Cable ducts should be provided with suitably rated covers. 
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5.6 HIGH VOLTAGE SWITCHBOARDS 

 

5.6.1 General 

 

Isolation of all individual high voltage circuits is to be provided and facilities are to be 

included for earthing of busbars and all incoming and outgoing cables. Earth switches 

are preferred. 

 

The terminations of consumerôs mains are to be made inside a lockable cubicle with 

key access being restricted to authorised personnel only. 

 

Where switching, isolating or earthing requires the use of auxiliary equipment such as 

earthing trucks, switching sticks etc, adequate access and clearance must be provided 

for safe operation. 

 

5.6.2 Switchgear 

 

All high voltage circuit breakers and contactors are to be of the withdrawable, truck 

mounted type. Vacuum switchgear is to be used unless otherwise agreed with SA 

Water (refer to Appendix B for typical requirements). 

 

Ancillary equipment such as voltage transformers feeding control or protection 

equipment should also be withdrawable where it is considered necessary to minimise 

downtime should service or maintenance be required or in the event of a fault. 

 

5.6.3 Earth Switches 

 

Fault rated earth switches are to be provided in each high voltage switchboard for the 

incoming cables, main busbars and outgoing cables. Earth switches should preferably 

be inbuilt into the stationary part of the associated switchgear units. Where this is not 

practical, separate withdrawable truck mounted earth switches should be provided to 

plug into the switchboard cubicles in place of the associated switchgear units when 

earthing is required. The main contacts of switchgear units should not be used for 

earthing purpose. 

 

Earth switch contacts must be clearly visible in the closed position through an 

inspection window, preferably in the front of the switchboard. Where zoned frame 

earth leakage protection is provided for the switchboard, earth switches should be 

connected to the main earth bar (which is insulated from the switchboard frame) and 

not the frame earth. Refer to Appendix B for typical requirements. 

 

5.6.4 Interlocks 

 

Interlocks are to be provided for all switchgear, earth switches, compartment and 

enclosure doors etc to ensure that personnel are not inadvertently exposed to 

dangerous voltages and to prevent incorrect switching procedures resulting in personal 

injury or property damage.  
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A combination of mechanical and key interlocks should be used. Refer to Figure 5.3 

and Section 2.5 of Appendix B for typical requirements of the interlock systems. Use 

of the key interlock systems is to be incorporated in the high voltage switching 

diagrams and switching sheets (refer to Section5.6.5). 

 

5.6.5 Switching Diagrams and Switching Sheets 

 

Unless otherwise agreed with SA Water, HV switching diagrams and switching sheets 

are required to be provided by the contractor in SA Water standard format prior to 

Practical Completion of the installation. This is an essential requirement which should 

be itemized in the Schedule of Prices. 

 

The switching diagrams and switching sheets should detail the step-by-step procedures 

to be followed for the safe isolation and restoration of high voltage equipment and 

installations and will form part of the High Voltage Switching Manual to be produced 

by SA Water for each HV installation. As a minimum, isolation and restoration 

switching procedures are required for each outgoing circuit, each switchboard and the 

whole installation, to enable work to be carried out safely on individual equipment or 

sections of  the installation without the need to shut down the complete installation. 

 

Guidelines for the preparation of HV switching diagrams and switching sheets are 

provided in Appendix A. 
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FIGURE 5.1 - ARRANGEMENT OF DUAL INCOMING SUPPLIES FOR A HIGH VOLTAGE SWITCHBOARD 
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FIGURE 5.2 - ARRANGEMENT OF DUAL INCOMING SUPPLIES FOR A LOW VOLTAGE SWITCHBOARD 
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FIGURE 5.3 - TYPICAL INTERLOCK SYSTEMS FOR HV SWITCHBOARDS
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6. CONTROL SYSTEM PHILOSOPHY 

 

6.1 GENERAL 

 

Plants should generally be designed for unattended, fully automatic operation. Wherever 

practical, the plants should restart automatically following a power failure without any 

manual intervention (refer to Section 6.4). Where applicable, changeover to the 

backup power supply (Section 5.2) and to the standby units (Section 6.5) should also 

be fully automatic. 

 

Both automatic and manual controls are to be provided. Local automatic control is the 

normal mode of operation. Local manual control is generally used for testing, 

maintenance and during failure of the automatic control system. Some minor plant 

items need not be provided with automatic control where they are considered 

inappropriate or unnecessary (eg sump pumps, sampling pumps). 

 

6.2 CONTROL HIERARCHY 

 

6.2.1 General 

 

The plant control system is to provide up to four independent levels of control depending 

on the type of installation as indicated in Table 6.1. 

 

The control system should be configured such that failure of a higher level control will 

not affect the lower level control and will allow the plant to continue operation under 

the lower level control (refer to Section 6.3). For example, failure of the central 

SCADA system in a water treatment plant should not affect the local automatic 

control systems which should continue to control the associated areas of the plant 

irrespective of the status of the SCADA system. Similarly, failure of the local 

automatic control system should not prevent the affected plant items from being 

controlled manually. 
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Level Description 

Typical Installations 

Minor Plant Items 

(eg sampling Pumps) 

Pumping Stations 

HOCVs & HOSVs 

Water Treatment Plants 

Waste Water Treatment Plants 

1 Local manual control and 

monitoring of each drive 
V V V 

2 Local automatic control  V V 

3 Central control and monitoring   V 

4 Remote (off-site) control and 

monitoring 
 

As determined by operation 

requirements 
V 

 

 

TABLE 6.1 - CONTROL HIERARCHY LEVELS 

 



 

 

 
PLANNING & INFRASTRUCTURE 

TG13 - UpdatedGeneral Principles for Electrical 
Design.docx 
Issued by: Manager Engineering 

10 January 2007 
Uncontrolled on printing 

Page 
29 of 94 

 

 
 

 

6.2.2 Level 1 - Local Manual Controls and Indications 

 

Manual controls for each drive are to be provided at the local control panel and should 

be independent of any automatic control, central control or remote control other than 

emergency stop. With the exception of safety interlocks as defined in Section 6.5, any 

control inhibits or interlocks which are necessary for automatic, central or remote 

operation should not apply to local manual controls. 

 

Individual status indications (eg running, stopped, open, closed, available) and fault 

indications (eg overload, winding overtemperature, no flow, low suction pressure) for 

each drive are to be provided on the front of the local control panel. A single common 

fault indication is not considered adequate for fault finding. Indications and displays 

which are not visible from the outside of control panels without opening doors or covers 

are not acceptable as operators do not have access to the interior of control panels for 

occupational health and safety reasons. 

 

Status and fault indications should be derived from positive feedback signals in 

accordance with Section 7.9. 

 

6.2.3 Level 2 - Local Automatic Controls 

 

Local automatic control systems should be self-contained and not be affected by a 

failure of the central or remote control system. Signals for local automatic controls 

should be taken directly from field contacts or transducers wherever possible. Where 

the signal source is at a remote location, the signal should be transmitted via a 

dedicated telemetry link independent of the plant SCADA or telemetry system. 

 

6.2.4 Level 3 - Central Control and Monitoring  

 

Central control and monitoring is generally required for installations consisting of a 

number of processes located in different areas of the plant, eg water and waste water 

treatment plants. The system must be suitable for interfacing with the SA Water 

Statewide SCADA/Telemetry Network (see Section 9). 

 

6.2.5 Level 4 - Remote Control and Monitoring 

 

Remote (off-site) control and monitoring is to be provided where required for 

interfacing with the SA Water Statewide SCADA/Telemetry Network (see Section 9). 

 

6.3 CONFIGURATIONS 

 

6.3.1 General 

 

The control hierarchy should be configured in one of three basic forms depending on 

the complexity of the installation. 
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6.3.2 Pumping Stations and Similar Installations 

 

Refer to Figure 6.1 and Figure 6.2. 

 

Level 1 

 

Local manual controls and indications may be implemented with either relays or a 

dedicated PLC for each drive in accordance with Section 6.2.2. 

 

Level 2 

 

Local automatic control of the plant should preferably be implemented with a PLC. 

 

Where remote control and monitoring is required, the PLC is to interface with a 

remote telemetry unit (RTU) via hardwired discrete I/Os (refer to Figure 6.1). The 

RTU will be provided by others to interface with the Statewide SCADA/Telemetry 

Network. This method provides the simplest contractual interface between the plant 

control system and the Statewide SCADA/Telemetry Network although it may not be 

the most cost-effective option. 

 

Alternatively, a combined PLC/RTU (ósmart RTUô) may be used to interface directly 

with the Statewide SCADA/Telemetry Network (refer to Figure 6.2). In this case the 

PLC/RTU should preferably be implemented by a SCADA system integrator to be 

nominated by SA Water (refer to Section 9.1). 

 

Level 3 

 

Central control and monitoring is generally not required for single pumping stations 

and similar installations in a water distribution network. 

 

Level 4 

 

Refer to Level 2 for interface requirements with the Statewide SCADA/Telemetry 

Network where remote control and monitoring is required. 
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FIGURE 6.1 - CONTROL HIERARCHY FOR PUMPING STATIONS AND SIMILAR INSTALLATIONS 

(ALTERNATIVE A)  
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FIGURE 6.2 - CONTROL HIERARCHY FOR PUMPING STATIONS AND SIMILAR INSTALLATIONS 

(ALTERNATIVE B)  
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6.3.3 Basic Treatment Plants 

 

Refer to Figure 6.3. 

 

Level 1 

 

Local manual controls and indications may be implemented with either relays or a 

dedicated PLC for each drive in accordance with Section 6.2.2. 

 

Level 2 

 

A single PLC may be used to provide automatic control of the whole plant where a 

PLC failure will not cause a total plant shut down (ie it is possible to maintain 

operation of the plant under manual control) and the time required to fix the PLC fault 

is acceptable. The PLC should be provided with a backup CPU configured as hot 

standby and preferably with distributed I/Os. 

 

The PLC should also provide the interface between the plant SCADA system and field 

equipment. Communication with the plant SCADA system should be via an industry 

standard local area network (preferably Fast Ethernet) and TCP/IP protocol. A dual 

redundant communication network should be provided. 

 

Level 3 

 

A SCADA system is to be provided to interface with the PLC to provide central 

control and monitoring of the plant and to interface with the Statewide 

SCADA/Telemetry Network to provide remote control and monitoring of the plant. 

 

The SCADA system should preferably be implemented by a system integrator to be 

nominated by SA Water (refer to Section 9.1). 

 

Level 4 

 

Refer to Level 3 for interface requirements with the Statewide SCADA/Telemetry 

Network. 
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FIGURE 6.3 - CONTROL HIERARCHY FOR A BASIC TREATMENT PLANT  
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6.3.4 Major Treatment Plants  

 

Refer to Figure 6.3.4. 

 

Level 1 

 

Local manual controls and indications may be implemented with either relays or a 

dedicated PLC for each drive in accordance with Section 6.2.2. 

 

Level 2 

 

Each area of the plant should be automatically controlled with a separate PLC so that a 

PLC failure in one area will not affect the continued operation of the other areas. A 

single PLC may be used to control two or more areas only if these areas are 

interdependent such that a failure in one area will affect the operation of the other 

areas due to the nature of the process involved. 

 

The PLCs should also provide the interface between the plant SCADA system and 

field equipment in different areas of the plant. Communication between the PLCs and 

plant SCADA system should be via an industry standard local area network 

(preferably Fast Ethernet) and TCP/IP protocol. PLC to PLC communications should 

be via an industrial standard protocol (eg Modbus). A dual redundant communication 

network should be provided. 

 

It is not necessary to provide hot standby CPUs for the PLCs except for critical areas 

where no downtime can be tolerated. The provision of adequate spare CPUs and other 

appropriate modules is generally considered more cost effective. 

 

Level 3 

 

A SCADA system is to be provided to interface with the PLCs to provide central 

control and monitoring of the plant and to interface with the Statewide 

SCADA/Telemetry System to provide remote control and monitoring of the plant. 

 

The SCADA system should preferably be implemented by a system integrator to be 

nominated by SA Water (refer to Section 9.1). 

 

Level 4 

 

Refer to Level 3 for interface requirements with the Statewide SCADA/Telemetry 

Network. 
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FIGURE 6.4 - CONTROL HIERARCHY FOR A MAJOR TREATMENT PLANT 
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After the power supply has been re-established for a set period following a failure, the 

plant items should be restarted in a staged sequence to prevent simultaneous starting 

which may result in excessive starting currents or hydraulic surges.  

 

The following minimum time delays are generally required: 

 

 10 minutes after restoration of power and before starting any plant item. 

 5 minutes between successive starting of individual items. 

 

In the case of complex installations with many different drives (eg treatment plants), 

the time delays between successive starts of individual items will generally be 

determined by the process startup requirements. To reduce the total restart time in 

these installations, the time delay between successive starts of minor items may be 

reduced or a group of minor items may be started together where permitted by the 

process, provided that the resulting starting currents and hydraulic surges are within 

the acceptable limits. 

 

6.4 AUTOMATIC CHANGEOVER TO STANDBY UNITS 

 

For pumping stations and similar installations, changeover to the standby unit is to be 

automatic on failure of a duty unit without any manual intervention where unattended 

automatic operation is required (refer to Appendix C). Where practical, this principle 

should also be applied to separate systems within a treatment plant and other similar 

complex installations (eg raw water pumps in a water treatment plant).  

 

6.5 SAFETY INTERLOCKS 

 

The following definitions shall apply: 

 

(1) Personnel Safety Interlock 

 

A protective device which shall immediately shut down a drive to prevent 

injury to personnel or damage to the drive. For example: Emergency Stop 

pushbutton. 

 

(2) Critical Plant Safety Interlock 

 

A protective device which shall immediately shut down a drive to prevent 

possible damage to a drive. For example: motor overload, motor winding 

overtemperature, under voltage, phase imbalance, discharge failure, low 

suction pressure, high bearing temperature, cooling water high temperature. 
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(3) Non Critical Plant Controls or Interlocks 

 

Process related signals such as discharge tank high, suction tank low. 

 

Personnel safety interlocks and critical plant safety interlocks as defined in (1) and (2) 

above are to be hardwired directly in the individual motor contactor circuits and not to 

be wired through any PLC (local or higher level) or SCADA systems. These interlocks 

are to operate in all control modes (ie manual, automatic, remote). 

 

Alarms for personnel safety interlocks and critical plant safety interlocks are to be 

individually displayed on the front of the local control panel for each drive (refer to 

Section 7.6). 

 

Non critical plant controls or interlocks as defined in (3) above need not be hardwired 

in the individual motor contactor circuits and may be input to the PLC (local or higher 

level) or plant SCADA system. 
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7. DESIGN OF CONTROL CIRCUITS 

 

7.1 GENERAL 

 

Design of control circuits is to be based on the philosophy outlined in Section 6, the 

example shown on Drawing 98-0010-01 and the following sub-sections. The control 

circuits may be implemented with PLCs, relays, other dedicated programmable devices 

or their combinations, to provide the same facilities and functions. 

 

Appendices C and D provide further examples of control system requirements for a  

typical water pumping station and a typical HOCV/HOSV installation which may be 

used as guides for similar installations. 

 

7.2 CONTROL CIRCUIT VOLTAGES 

 

(1) Either LV (240 V ac) or ELV (preferably 24 V ac or dc) may be used. Where 

240 V ac is used,  the supply is to be protected by a combined miniature circuit 

breaker/residual current device. 

 

(2) Contactor coils should operate at 240 V ac. 

 

(3) Interposing relays used for interfacing ELV control wiring with LV control 

circuits (see 4(b) and (c) below) are to be approved mixed voltage type, eg 240 V 

coil with 24 V contacts or 24 V coil with 240 V contacts.  

 

(4) The following are to operate at ELV (preferably 24 V ac or dc): 

 

(a) Incandescent indicator lights. 

(b) Control wiring external to the switchboard or control panel, including wiring 

to other switchboards or control panels, wherever practical. This needs not 

apply to wiring to local start/stop stations which are an integral part of a LV 

control circuit. 

(c) Interlocking control wiring between assemblies or systems which are fed 

from different sources of control supply. 

 

7.3 ALARM CIRCUITS 

 

Alarm relays are to be energized in the non alarm condition wherever practical. 

 

Fail-safe operation is to be provided wherever possible, eg wiring open circuit or 

equipment failure will cause the drive to stop and provide the appropriate alarm 

indication. 
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All alarms except supply failure are to be latched and manually reset. Supply failure is to 

be provided with automatic reset on restoration of supply. Alarm indications should be 

extinguished only when the associated alarms have been rectified and reset. 

 

Alarm circuits for discharge failure, low suction pressure or other similar protections 

should be provided with adjustable time delays to allow the flow or pressure to establish 

on start up before initiating an alarm. 

 

7.4 MAIN SWITCHBOARD CONTROLS AND INDICATIONS 

 

Controls and indications are to be provided on the front of the main switchboard in 

accordance with Table 7.1. 

 

Controls/Indications Comment 

Voltmeter (3 phase, selector switch without Off 

position)  

For each supply (eg main, backup 

or generator where applicable). 

Undervoltage and phase imbalance relay For each supply (eg main, backup 

or generator where applicable). 

Overcurrent and earth fault protection relay For each supply as appropriate (eg 

main, backup or generator where 

applicable). May be integral with 

the main switch. 

Frame earth leakage relay For each earth leakage zone in high 

voltage installations where 

applicable. 

SUPPLY AVAILABLE indicator  For each supply (eg main, backup 

or generator where applicable). 

OPEN/CLOSE pushbuttons For main circuit breakers and, 

where applicable, tie circuit 

breakers. 

OPEN/CLOSED/TRIPPED indicators  For main circuit breakers and, 

where applicable, tie circuit 

breakers. 

 

Circuit breakers tripped as a result 

of a fault are to be capable of being 

reset manually at the respective 

circuit breakers only. 

LAMP TEST pushbutton One button for all indicator lights 

and displays associated with all 

incoming and outgoing distribution 

feeders (one button to be provided 

for each section of a split 

switchboard where applicable). 

 

TABLE 7.1 ï MAIN SWITCHBOARD CONTROLS AND INDICATIONS 
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7.5 MOTOR PROTECTION AND MONITORING 

 

Control, monitoring and protection equipment is to be provided for each motor 

depending on the motor nameplate rating in accordance with Table 7.2. 

 

Equipment/Facility  Motor Rating  

Control supply from a separate distribution board 

(See Note 1) 

>= 100 kW 

Control test facility (See Note 1) >= 100 kW 

Thermal overload < 15 kW 

Electronic motor protection relay > = 15 kW 

Thermistor control unit (motor winding 

protection) 

>= 15 kW 

if not included in electronic motor 

protection relay. 

Thermistor control unit (auto transformer 

winding protection) 

Where auto transformer starters are 

used. 

Closed transition auto transformer starter or soft 

starter 

If required by the electricity 

supplier. 

Metering test sockets or kW meters (See Note 2) >= 100 kW and where required for 

performance testing. 

Ammeter (See Note 3): 1 phase (white) 

 

   3 phase (selector with off)    

< 50 kW except for minor and non-

process related plant items. 

>= 50 kW 

Kilowatt hours meter (See Note 3) >= 100 kW and where required for 

energy monitoring. 

Hours Run meter (See Notes 3 & 4) >= 10 kW 

Undervoltage & phase imbalance relay (refer 

Drawing 98-0010-01) 

>=100 kW 

if not included in electronic motor 

protection relay. 

Anti-condensation heater circuit Refer to Section 3.7. 

 

TABLE 7.2 ï MOTOR PROTECTION AND MONITORING 

Notes: 

 

1. This arrangement allows full control tests to be carried out with the motor supply to the drive 

isolated to facilitate fault finding. 

 

2. Metering test sockets in conjunction with Class 1M or better metering CTs are to be provided 

for accurate power measurement of the drive with an external test instrument where required 

for performance testing purposes. 

 

Metering test sockets are not required where the drive kW can be measured and displayed at 

an accuracy of 1% or better, either with a dedicated kW meter or an integral display unit (see 

Note 3) installed on the front of the local control panel. The kW meter should preferably be 

provided with a linear 4-20 mA output. 

 

 Where MPG test sockets are used, they are to be wired in accordance with Drawing 00-0215-

01. 
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3. It is recognized that purpose built integrated metering systems and some electronic control 

and protective devices (eg soft starters, variable speed drives, electronic motor protection 

relays) are able to display the voltage, current, power, energy and other parameters of the 

drive with an integral display unit. In this case, separate ammeter, kilowatt meter, kilowatt 

hour meter and hours run meter are not necessary provided that: 

 the integral display unit can be viewed from the front of the control panel without the need 

to open any cubicle doors, 

 the control and protection parameters (eg setpoints) of the devices are protected against 

inadvertent changes by the operators when displaying the measurements, 

 the displays are of the required accuracies and 

 the kilowatt hours and hours run readings are retained during a power failure. 

 

4. Hours run metering may be performed by the plant SCADA system where applicable. 

 

7.6 CONTROLS AND INDICATIONS 

 

Pushbuttons, selector switches and indicator lights are to be provided for each drive on 

the front of the local control panel in accordance with Table 7.3 where applicable. 

 

Controls/Indications Comment 

DUTY selector Common for a group of drives. 

LOCAL/REMOTE control selector Where remote and/or central 

control is required. May be 

combined with 

AUTO/OFF/MANUAL control 

selector. 

AUTO/OFF/MANUAL control selector  Where both automatic and manual 

controls are required. Lockable in 

OFF position (refer to Section 

3.11) 

ON/OFF or similar control selector  Where manual control only is 

required. Lockable in the OFF 

position (refer to Section 3.11). 

START/STOP pushbuttons Local start/stop stations may be 

required adjacent to the drive in 

addition to the start/stop 

pushbuttons on the local control 

panel depending on operations and 

maintenance requirements. 

OPEN/STOP/CLOSE pushbuttons Where motorized valves are used. 

LAMP TEST pushbutton One button for all indicator lights 

and displays associated with the 

drive. 

RESET pushbutton One button for all alarms 

associated with the drive. 

EMERGENCY STOP pushbutton Where there is a delay before the 

motor turns off (eg valve closes 

first or VSD ramping down speed 
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Controls/Indications Comment 

before stopping). 

 

An Emergency Stop pushbutton 

should also be provided adjacent to 

moving machinery (eg sludge 

bridges, scrapers) where it is 

remote from the local control 

panel. This may be incorporated 

into the local Start/Stop station 

where applicable. 

SUPPLY AVAILABLE indicator Where a separate undervoltage and 

phase imbalance relay is required 

(refer Section 7.5) 

DRIVE AVAILABLE indicator This generally indicates the drive 

being available for remote control 

as there are no faults associated 

with the drive, power is available 

and the control selector is in the 

Remote position. 

RUNNING/STOPPED indicators STOPPED indicators are optional. 

OPEN/ CLOSED indicators To indicate the fully open and fully 

closed positions where motorized 

valves are used. 

PLC FAULT indicator For each PLC where applicable.   

MOTOR FAULT alarm indicator  Overload, winding over-

temperature, single phasing and 

asymmetry alarms to be 

individually indicated on the 

electronic motor protection relay if 

provided and viewable from the 

front of the control panel without 

opening doors. Otherwise separate 

alarm indicators to be provided. 

MOTOR WINDING OVERTEMPERATURE 

alarm indicator 

If not provided on the electronic 

motor protection relay or not 

viewable from the front of the 

control panel without opening 

doors. 

VARIABLE SPEED DRIVE FAULT alarm 

indicator 

This may be combined with 

MOTOR FAULT if motor 

protection is incorporated in the 

variable speed drive which also 

displays the individual faults. 

DISCHARGE FAILURE alarm indicator Provided with adjustable 0~60 s 

delay. 

LOW SUCTION PRESSURE alarm indicator Provided with adjustable 0~60 s 

delay. 
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Controls/Indications Comment 

AUTO TRANSFORMER WINDING 

OVERTEMPERATURE alarm indicator 

Where auto transformer starters are 

used. 

INCOMPLETE START alarm indicator To assist fault finding where auto 

transformer starters are used. May 

be incorporated with MOTOR 

FAULT if adequate protection for 

the motor is provided by other 

means in the event of a fault in the 

auto transformer starter. 

EMERGENCY STOP alarm indicator Where Emergency Stop p/b is 

required. 

Others (eg Bearing High Temperature, High Air 

Pressure, Low Coolant Level) 

As determined by the type of drive 

and plant equipment being driven. 

 

TABLE 7.3 ï CONTROLS AND INDICATIONS FOR INDIVIDUAL DRIVES 

 

7.7 DISPLAYS OF ANALOGUE PARAMETERS 

 

The following analogue parameters, which must be independent of the plant SCADA 

or Statewide SCADA/Telemetry system, are to be individually displayed on the front 

of the local control panel: 

 

 Feedback parameters (refer to Section7.9). 

 Where the parameters are considered critical for the continued operation of the 

plant in case of failure of the automatic control or SCADA/Telemetry system (eg 

flows and tank levels). 

 

7.8 PROGRAMMABLE LOGIC CONTROLLERS (PLCs) 

 

The application of PLCs in control system design is to be in accordance with the 

philosophy outlined in Section 6.3. 

 

7.9 FEEDBACK SIGNALS 

 

Equipment operated by electric or pneumatic power is to be provided with positive 

feedback of operation status or parameters. It is not sufficient to assume the status of 

plant or value of a parameter as a result of a control action. 

 

The feedback signals are to be derived directly from field contacts and transducers. 

The signals should be displayed on the local control panels and used in control logic 

sequencing wherever practical. 
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An alarm is to be raised if the positive feedback from a control action is not received 

within a suitable time period. 

 

Table 7.4 lists some examples of positive feedback signals. 

 

 

Status/Parameters Feedback Signal Source 

Drive Running Auxiliary contact on motor contactor 

Valve or gate Open/Closed Limit switches 

Switchgear Open/Closed Auxiliary contacts on switchgear 

High/Low alarms Alarm relays 

Extra High/Extra Low Level 

alarms 

Float switches 

Extra High/Extra Low 

Pressure  alarms 

Pressure switches 

Valve or gate position Position transducer 

Flow Flowmeter 

Level Level transducer 

Pressure Pressure transducer 

Process parameters Appropriate transducers/analyzers 

 

TABLE 7.4 ï EXAMPLES OF POSITIVE FEEDBACK SIGNALS 
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8. INSTRUMENTATION EQUIPMENT 

 

8.1 GENERAL 

 

Instrumentation loops are to comply with the following: 

 

(1) Signals shall be linear with respect to the measured variables. 

 

(2) Signals shall be 4-20 mA outside cubicles and may be 1-5 V inside cubicles. 

 

(3) Provided with a diode test point and a test injection point for each isolated section 

of the loop. Each individual plant item that paces a 4-20 mA signal shall also 

have a test injection point for plant testing or maintenance purposes. 

 

The test injection point shall be provided with a NORMAL-TEST switch. In the 

NORMAL position the loop shall be connected to the associated transmitter or 

loop source. In the TEST position the transmitter or loop source shall be shorted 

and the loop shall be connected to a pair of test terminals for connection of an 

external 4-20 mA generator. 

 

Test points shall preferably be located inside the cubicles (ie accessible to 

maintenance personnel only). 

 

(4) Equipment which is of the plug-in type shall be capable of being unplugged 

without open circuiting the instrumentation loop. 

 

(5) Where a primary loop is required to drive a number of secondary loops, a signal 

isolator shall be provided for each secondary loop to maintain the integrity of 

the primary loop so that a fault in a secondary loop does not affect the primary 

loop and the other secondary loops. 

 

(6) Where it is required to interface with other systems (eg telemetry, SCADA, 

VSDs) the loop shall be electrically isolated from the signal loop, power supply 

and earth and be capable of driving the total load impedance. 

 

(7) Provided with lightning protection at each end of the cable where the equipment 

at each end is installed in separate buildings or structures, or the field transducer 

is located outdoors at a distance of 50 metres or greater from the secondary 

instruments.  

 

8.2 LEVEL TRANSDUCERS 

 

(1) Water 

 

The following should preferably be used for water level measurement: 
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(a) Where permanent access to the top of the tank is available, a submersible 

4-20 mA pressure transducer in a stilling tube attached to the inside wall 

of the tank or an ultrasonic transducer mounted on top of the tank. 

 

(b) Where permanent access to the top of the tank is not available, a 4-20 mA 

differential pressure transducer mounted on a tapping point on the outside 

wall of the tank at ground level. A vandal-proof enclosure is to be 

provided for the transducer and associated equipment where the 

installation is located outdoors and not secured against unauthorized 

access. 

 

(c) Tank high/low level alarms should be provided by separate float switches 

provided that the float switches are accessible. Where  it is not practical to 

provide access to float switches, the high/low level alarms should be 

derived from a separate level transducer which should be installed in 

accordance with (a) or (b) above. 

 

(2) Sewage 

 

The following should preferably be used for sewage sump level measurement: 

 

(a) Air or water purged DP cell or transit-time type ultrasonic transducer. 

 

(b) Sump high level alarms should be provided by separate float switches. 

 

(3) Others 

 

The type of transducer should be chosen to suit the medium being measured, 

location and accuracy required (eg ultrasonic transducers, DP cells, probes). 

 

8.3 FLOW METERS 

 

Flowmeters should generally be electromagnetic type for sizes up to about 600 mm. 

For larger sizes, electromagnetic type is preferred, but transit-time type ultrasonic 

flowmeters may be used depending on the cost and accuracy required. 

 

8.4 ANALYSERS/TRANSDUCERS 

 

Instruments for the measurement of analytical parameters (eg chlorine, turbidity, pH, 

dissolved oxygen, suspended solids) should be proven industry standard equipment. 
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9. PLANT SCADA/TELEMETRY SYSTEMS 

 

9.1 GENERAL 

 

SA Water is in the process of standardizing the software package for all SCADA and 

telemetry systems which form part of the SA Water Statewide SCADA/Telemetry 

Network. All SCADA and telemetry systems should preferably be implemented by the 

system integrators to be nominated by SA Water. 

 

Any SCADA or telemetry system to be provided as part of the plant control system 

must be compatible with the Statewide SCADA/Telemetry Network. Further details 

will be provided following implementation of the standard software package. 

 

Remote dial-in access and alarm paging facilities are to be provided for all SCADA 

systems. 

 

9.2 INPUTS AND OUTPUTS TO RTU 

 

Where interface with the Statewide SCADA/Telemetry Network is via hardwired 

discrete I/Os to a remote telemetry unit (refer to Figure 6.1), the type and number of 

I/Os required should be determined in consultation with SA Water for each project. 

 

Inputs and outputs should generally be in accordance with the following: 

 

Digital Inputs 

 

Digital inputs to the RTU shall consist of individual voltage free contacts (2 wires per 

signal) rated at not less than 24 V dc 1A. The contact shall close for status indication 

(Running, Available etc) and open on fault (Motor Overload, Power Failure etc). 

 

Fault contact inputs other than Power Failure shall be inhibited on power failure or 

when the control supply is isolated to prevent multiple false alarms being generated 

(eg due to alarm relays being de-energized). In addition, momentary operation of fault 

contacts shall be inhibited when the control supply is first turned on. 

 

Digital Outputs 

 

The control system shall be capable of accepting digital outputs from the RTU which 

will generally be voltage free contacts rated at not less than 24 V dc 1A. The contacts 

may consist of separate individual contacts with two terminals available for each 

contact or they may consist of groups of up to 8 contacts with one terminal per contact 

and a common terminal. 

 

 

 

 

Analogue Inputs 
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Analogue inputs to the RTU shall be: 

 

 Linear 4-20 mA dc signals. 

 Capable of driving an impedance of 300 ohms or higher. 

 Electrically isolated from other loops, power supply and earth. 

 Two wire, shielded with shield earthed at the source end. 

 

Analogue Outputs 

 

The control system shall be capable of accepting analogue outputs from the RTU 

which will generally be: 

 

 Linear 4-20 mA dc signals. 

 Capable of driving an impedance of 300 ohms. 

 Electrically isolated from other loops, power supply and earth. 

 Two wire, shielded with shield earthed at the source end. 
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10. LIGHTNING AND TRANSIENT OVERVOLTAGE PROTECTION 

 
A risk assessment should be carried out in accordance with AS 1768 to determine if 

lightning protection of persons and buildings is required for the installation. If 

required, a lightning protection system must be provided in accordance with AS 1768. 

 

Irrespective of the requirements of lightning protection of persons and/or buildings, all 

voltage sensitive equipment including instrumentation, control, radio (including 

aerials), data communications and other solid state equipment are to be protected 

against damage by transient overvoltages and lightning surges in accordance with AS 

1768. 
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11. DOCUMENTATION 

 

11.1 GENERAL 

 

Tender specifications and drawings should contain adequate details to define clearly 

all the requirements for the installation and, particularly, to reflect the principles and 

philosophies outlined in this document. 

 

It is not the purpose of this document to provide guidance on the preparation of tender 

specifications and drawings. However, the following are considered essential and 

should be included in the tender documents as they provide a common basis for 

tendering and facilitate the evaluation of tenders. 

 

11.2 SCHEDULE OF TECHNICAL DATA 

 

A Schedule of Technical Data is to be included in the tender documents to enable  

tenderers to provide the necessary details for evaluation. The level of details required 

depend on the type of equipment as shown in the example in Appendix E. 

 

11.3 DRAWINGS 

 

A single line diagram is to be provided for the electrical installation with the following 

details included as a minimum where applicable (refer to the example drawing EL55-

89 in Appendix F): 

 

 Current rating and fault rating of main busbars 

 Current ratings of all major incoming and outgoing switchgear (circuit breakers, 

fuses, isolating switches etc) 

 Type and sizes of all major incoming and outgoing cables 

 Voltmeters, ammeters, kW meters, kWh meters 

 Current transformer ratios 

 Protection relays 

 Motor starters 

 Others as appropriate to the installation (eg voltage transformers, auxiliary supply 

transformers, earth switches, interlocks etc). 

 

If necessary, the following additional drawings should also be provided to define the 

requirements more clearly where applicable: 

 

 Control system block diagrams 

 Typical control schematics 

 Process and instrumentation diagrams 

 Earthing system 

 General arrangements. 



 

 

 
PLANNING & INFRASTRUCTURE 

TG13 - UpdatedGeneral Principles for Electrical 
Design.docx 
Issued by: Manager Engineering 

10 January 2007 
Uncontrolled on printing 

Page 
52 of 94 

 

 
 

APPENDIX A 
 

GUIDELINES FOR THE PREPARATION OF HIGH VOLTAGE 
SWITCHING DIAGRAMS AND HIGH VOLTAGE SWITCHING SHEETS 
 

 

1. INTRODUCTION 
 

This appendix details the procedures to be followed where high voltage switching 

diagrams and switching sheets are required to be provided by contractors. 

 

2. HV SWITCHING DIAGRAMS 
 

A single line switching diagram is required for each switching operation and is to be 

prepared in accordance with the following: 

 

(1) Switching diagrams are to be drawn to a standard format in A4 size (refer to the 

example attached). They may be drawn larger than A4 on a standard drawing 

sheet to facilitate filing, but are to be reduced to A4 for inclusion in the HV 

Switching Manual. 

 

(2) Each switching diagram is to be issued with a unique identification drawing 

number from the SA Water Drawing Index System. 

 

(3) The standard drawing symbols included at the beginning of the example are to 

be used on the switching diagrams. 

 

(4) Each switching diagram is to identify all high voltage equipment referred to by 

the associated switching sheets, but at the same time is to contain only 

information relevant to high voltage switching. 

 

(5) All titles used on switching diagrams are to exactly match the actual switchboard 

or unit labels. 

 

(6) All items included in a particular location (eg switchboard) are to be drawn in a 

box(es) which are to be titled to exactly match the switchboard label(s). 

 

(7) Transformers are to be identified with primary voltage/secondary voltage in that 

order as well as the kVA rating. 

 

(8) Motor identification is to include the kW rating. 

 

(9) Current ratings of all switchgear and fuses are to be indicated. 

 

3. HV SWITCHING SHEETS 
 

 Switching sheets are required for each switching operation and are to be prepared in 

accordance with the following: 
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(1) Draft switching sheets are to be prepared by a qualified person who is trained in 

high voltage switching and checked by another trained person who was not 

involved in preparing it. 

 

(2) All switching sheets are to be prepared and issued in the standard SA Water 

High Voltage Switching Program format (refer to the example attached). A 

template in Microsoft Word format is available for use by the contractors. 

 

(3) The title headings on each switching sheet is to be completed giving the 

information required for : 

 

ID No: Individual unique identification number issued by 

the HVWC for each different switching program. 

  

Region: Name of the region in which the high voltage 

installation is located. 

  

Area: Name of the area within the region in which the 

high voltage installation is located. 

  

Authorized By:  

(HVWC Delegate)  

To be signed by a HVWC delegate after the 

switching sheet has been verified by SA Water. 

  

Authorized By: 

(Area Manager) 

To be signed by the appropriate Area Manager (or 

delegate) once the switching sheet has been 

endorsed by a HVWC delegate. 

  

Location: Name of the installation. 

  

Drawing Reference: SA Water drawing number to be obtained for 

each different switching diagram by the 

Chairperson HVWC. 

  

Work to be Carried Out: Description of work to be carried out or the 

reason for the switching operation. 

  

Limits of Isolation: A concise description of the limits of isolation 

resulting after the switching operations are carried 

out. The full names of the switching devices (ie 

isolators, circuit breakers etc) should be utilized in 

this description. Normally the limits of isolation 

would be from one switching device to another or 

from a switching device to a motor or 

transformer. 

  

Day and Date: To be filled in when using the sheet for the actual 

switching operations. 

  

Switching Operator: As above. 
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Switching Checker: As above. 

  

Sheet No. Include the total number of sheets for the 

particular switching  program. 

 

(4) A switching program comprises of one or more switching sheets as required to 

adequately describe the work to be carried out. If a switching operation requires 

more than one sheet, the switching program is to continue on a further sheet 

using the standard format. The title headings of any further sheets are to be 

completed giving identical information as for sheet 1 of that switching program.   

 

(5) The remaining details are to be completed under the óDETAILS OF 

SWITCHINGô heading as follows: 

 

Location 
 

The identification name or location (eg pumping station, switchboard, 

transformer, motor) at which the switching operations are to take place - in 

BLOCK LETTERS and underlined. 

 

Switching Instructions 

 

These are to describe the switching actions to take place and should generally 

follow the guidelines below: 

 

(a) All actions such as ADVISE, SWITCH, OPEN, CLOSE, LOCK, CHECK, 

ERECT, ATTACH etc are to begin each instruction on a new line, and must 

be in BLOCK LETTERS. 

 

(b) Each switching instruction or procedure is to be numbered in sequential 

order. 

 

(c) Each numbered instruction may include more than one step, provided that 

the actions are related solely to one item of switchgear.   

 

Each step shall start on a new line and begin with an action in BLOCK 

LETTERS. 

 

For example: 

 

9. OPEN Levee Bank LT Power Distribution Board Main Switch. 

LOCK using Castell lock No óAô. 

RETAIN key.  

 

(d) The title or nomenclature of each item of switchgear is to be identical to that 

on the actual switchboard labels. The title is to be in lower case lettering but 

with the first letter of each word within the title being upper case, eg óHigh 

Voltage Circuit Breakerô, óLevee Bank Transformer Feeder Isolatorô. 
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Installations using names to wholly describe switchgear and installations 

using a number scheme to identify switchgear are to continue to use these 

forms of identification for the switching sheets. 

 

All installations within a Region or Area should use the same nomenclature 

throughout. 

 

(e) If a switching instruction includes the name of a switchboard that name is to 

be in BLOCK LETTERS. 

 

(f) If a switching operation requires more than one sheet, the switching program 

is to continue on another sheet using the standard format with the óLocationô 

details included prior to adding any instructions. 

 

4. VERIFICATION 
 

Prior to Practical Completion of the HV installation, the draft single line switching 

diagrams and switching sheets are to be submitted by the contractor for review and 

approval by SA Water High Voltage Working Committee (HVWC). Amendments are 

to be made to the draft as required following the review and the revised draft re-

submitted. This process may be repeated until the HVWC is satisfied with the draft. 

 

Trial switching will then be carried out by qualified and trained SA Water personnel  

to verify the procedures contained in the switching sheets under actual site conditions. 

The contractor may elect to be present during the trial switching at his own discretion 

and expense. Further amendments to the switching diagrams and switching sheets may 

be required as a result of the trial switching. This process may be repeated until the 

switching diagrams and switching sheets are considered acceptable and approved by 

the HVWC. 

 

Following approval by the HVWC, two hard copies of the set of switching sheets and 

switching diagrams are to be provided and arranged as follows: 

 

(1) An index sheet identifying all the switching sheets by their ID Numbers and 

description of Work to be Carried Out (see Section 3 Item (3)). 

 

(2) A copy of the relevant single line switching diagram facing each and every 

switching sheet. 

 

In addition, CAD files of the final switching diagrams and electronic files of the final 

switching sheets in Microsoft Word (Windows) format are to be provided, preferably on 

a CDROM disk. 
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Examples of High Voltage  
 

Switching Diagrams and Switching Sheets 
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SA Water 091/99 

HIGH VOLTAGE SWITCHING PROGRAM  

 

REGION : MURRAY MALLEE  

AREA : MURRAY BRIDGE 

 

AUTHORISED BY  : ééééééééééééé.. HVWC Delegate Date:éééééé... 

AUTHORISED BY  : ééééééééééééé.. Area Manager Date:éééééé... 

 

LOCATION  : MANNUM -ADELAIDE No.1 PUMPING STATION 

DRAWING REFERENCE  : 92 287 

WORK TO BE CARRIED OUT  : ISOLATION ONLY OF PUMP No.2A - MECHANICAL WORK ONLY. 

LIMITS OF ISOLATION  : PUMP No.2A. MOTOR STARTER A.C.B TO PUMP No.2A. 

 

DAY AND DATE  : ééééééééééééé.. 

SWITCHING OPERATOR  : ééééééééééééé.. 

SWITCHING CHECKER  : ééééééééééééé.. SHEET 1 OF 1 

OP 

TIME  
DETAILS OF SWITCHING  

  

 PRELIMINARY  

 

        BRIEF the working party of proposed switching. 

 

        LOCATION: HIGH VOLTAGE SWITCH ROOM  

 

1. INSTRUCT Control Desk Operator to ADVISE IDMS Operator of proposed switching and 

 ENSURE IDMS Operator has stopped Mannum-Adelaide No.1 Pump No.2A and to  

        ADVISE IDMS Operator that Pump No.2A is not available for pumping.  

 

2. ROPE-OFF designated access-ways with warning signs  

        (DANGER - HIGH VOLTAGE SWITCHING IN PROGRESS). 

 

 LOCATION: CONTROL PANEL  

 

3. SWITCH Pump No.2A Pump Selector Switch to ñOFFò. 

        ATTACH warning sign (DANGER - DO NOT OPERATE) on Pump No.2A Pump Selector 

        Switch. 

 

 LOCATION: HIGH VOLTAGE SWITCHBOARD  

 

4.  OPEN Pump No.2A  A.C.B. cubicle door.  

        CHECK Pump No.2A  A.C.B. opened (indicator to green ñOPENò). 

 

5. INSERT handle into Pump No.2A  A.C.B. 

        RACK OUT Pump No.2A  A.C.B. and withdraw completely from cubicle. 

 

6. REMOVE handle from Pump No.2A  A.C.B. 

        CLOSE Pump No.2A  A.C.B. cubicle door. 

        ATTACH warning sign (DANGER - DO NOT OPERATE) on Pump No.2A  A.C.B. cubicle door. 

 

        LOCATION: HIGH VOLTAGE SWITCH ROOM   
 

7.  REMOVE ropes with warning signs (DANGER - HIGH VOLTAGE SWITCHING IN PROGRESS) from  

        designated access-ways. 

 

8.  ADVISE Control Desk Operator of switching completed. 
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SA Water 092/99 

HIGH VOLTAGE SWITCHING PROGRA M 

 

REGION : MURRAY MALLEE  

AREA : MURRAY BRIDGE 

 

AUTHORISED BY  : ééééééééééééé.. HVWC Delegate Date: éééééé.. 

AUTHORISED BY  : ééééééééééééé.. Area Manager Date: éééééé.. 

 

LOCATION  : MANNUM -ADELAIDE No.1 PUMPING STATION 

DRAWING REFERENCE  : 92 287 

WORK TO BE CARRIED OUT  : RESTORATION OF POWER TO PUMP No.2A - AFTER MECHANICAL WORK 

ONLY. 

 

LIMITS OF ISOLATION  : PUMP No.2A MOTOR STARTER A.C.B. TO PUMP No.2A. 

 

DAY AND DATE  : ééééééééééééé.. 

SWITCHING OPERATOR  : ééééééééééééé.. 

SWITCHING CHECKER  : ééééééééééééé.. SHEET 1 OF 2 

 

OP 

TIME  
DETAILS OF SWITCHING  

   

 PRELIMINARY  

 

        BRIEF the working party of proposed switching. 

 

 LOCATION: HIGH VOLTAGE SWITCH ROOM  

 

9. INSTRUCT Control Desk Operator to ADVISE IDMS Operator of proposed switching.  

  

10.  ROPE-OFF designated access-ways with warning signs  

(DANGER - HIGH VOLTAGE SWITCHING IN PROGRESS). 

 

 LOCATION: CONTROL PANEL  

 

11. CHECK Pump No.2A Pump Selector Switch is switched to ñOFFò and tagged  

       (DANGER - DO NOT OPERATE). 

 

 LOCATION: HIGH VOLTAGE SWITCHBOARD  

 

12.   REMOVE warning sign (DANGER - DO NOT OPERATE) from Pump No.2A  A.C.B. cubicle door. 

 OPEN Pump No.2A  A.C.B. cubicle door. 

 

13.   CHECK Pump No.2A  A.C.B. opened (indicator to green ñOPENò). 

 

14. INSERT handle into Pump No.2A  A.C.B. 

        RACK IN Pump No.2A  A.C.B. 

 

15. CHECK Pump No.2A  A.C.B. racked in fully to the ñSERVICEò position and locking pin ENGAGED. 

 REMOVE handle from Pump No.2A  A.C.B. 

        CLOSE Pump No.2A  A.C.B. cubicle door. 

 

 LOCATION: CONTROL PANEL  

 

16.  REMOVE warning sign (DANGER - DO NOT OPERATE) from Pump No.2A Pump Selector Switch. 

        SWITCH Pump No.2A  Pump Selector Switch to ñREMOTEò. 

 

SA Water 092/99 
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HIGH VOLTAGE SWITCHING PROGRAM  

 

REGION : MURRAY MALLEE  

AREA : MURRAY BRIDGE 

 

AUTHORISED BY  : ééééééééééééé.. HVWC Delegate Date: éééééé.. 

AUTHORISED BY  : ééééééééééééé.. Area Manager Date: éééééé.. 

 

LOCATION  : MANNUM -ADELAIDE No.1 PUMPING STATION 

DRAWING REFERENCE  : 92 287 

WORK TO BE CARRIED OUT  : RESTORATION OF POWER TO PUMP No.2A - AFTER MECHANICAL WORK 

ONLY. 

 

LIMITS OF I SOLATION  : PUMP No.2A MOTOR STARTER A.C.B. TO PUMP No.2A. 

 

DAY AND DATE  : ééééééééééééé.. 

SWITCHING OPERATOR  : ééééééééééééé.. 

SWITCHING CHECKER  : ééééééééééééé.. SHEET 2 OF 2 

 
OP 

TIME  
DETAILS OF SWITCHING  

  

 LOCATION: HIGH VOLTAGE SWITCH ROOM  

 

17.   REMOVE ropes with warning signs (DANGER - HIGH VOLTAGE SWITCHING IN PROGRESS) from 

designated access-ways.  

 

18.  INSTRUCT Control Desk Operator to ADVISE IDMS Operator that switching is complete and  

        Mannum-Adelaide No.1 Pump No.2A is available for pumping. 
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APPENDIX B 
 

TYPICAL REQUIREMENTS FOR HIGH VOLTAGE  EQUIPMENT 
 

 

1. INTRODUCTION 
 

This appendix provides typical requirements for high voltage switchboards and 

switchgear which should be incorporated into the equipment specification. Reference 

should also be made to the relevant clauses in TS 79 for other general requirements such 

as labelling, painting, installation and requirements for the associated LV or ELV 

equipment such as metering, CTs, switchgear and controlgear. 

 

Any Standards referred to in this appendix should be checked to ensure that they are 

current and appropriate. 

 

2. HIGH VOLTAGE SWITCHBOARDS 
 

2.1. GENERAL 

 

 High voltage switchboards shall be of type tested, free standing, enclosed metal clad, 

cellular air insulated type constructed in accordance with AS 2650, AS 2067 and AS 

2086. 

 

 The switchboards shall consist of an assembly of cubicles housing withdrawable 

switchgear preferably with separate hinged front doors to the switchgear. If rear access is 

required, the rear panels shall be interlocked with the associated earth switches if the 

earth switches are operated from the front of the switchboards (refer to Section 2.5 (b) 

(i)). 

 

 The cubicles shall be provided with viewing windows to facilitate the use of 

thermographic imaging equipment. 

 

 The switchboards shall be suitable for direct mounting on a concrete plinth. 

 

 If the voltage transformer and busbar earth switch are not readily accessible from the 

front for operation and inspection then a separate cubicle shall be used to accommodate 

them. 

 

Cable zones shall be adequately sized for installing cables (including allowance for 

bending) and easy access to terminations. 

 

A suitable voltage indicator shall be provided for each phase of the incoming supply and 

shall be visible from the front of the switchboard  (eg capacitively coupled neon lamps). 

 

2.2 DEGREE OF PROTECTION 
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 Switchboards shall be provided with a degree of protection not inferior to IP 4X in 

accordance with AS 1939 for both the enclosure and each compartment. 

 

 Switchboard enclosures shall not have uncovered openings or mesh on the top surface 

which would allow dust to settle vertically into the switchboard enclosure. 

 

 In addition, a degree of protection of not inferior to IP2X shall be provided against 

contact with parts carrying high or low voltage during withdrawal or insertion of 

switchgear. 

 

 Switchboards shall be designed to minimize the probability and the effects of the 

occurrence of internal arc faults. 

 

2.3 VERMIN PROOFING 

 

 Switchboards shall be vermin proofed to exclude vermin larger than 2 mm across their 

smallest body dimension. Vermin proofing screens shall be provided for cable entry 

zones in switchboards after the installation of cables. 

 

2.4 BUSBARS 

 

 Busbars shall be air insulated and marked in accordance with Clauses 5.1.9 and 5.1.10 of 

AS 2067 and in the phase colours red, white and blue. Busbar marking shall consist of a 

painted strip or other approved material of width equal to the busbar width and 

continuous around the busbar. 

 

 Busbars shall be marked with phase colours such that busbars can easily be identified 

wherever access can be obtained to busbars by the opening of doors, withdrawal of 

equipment or the removal of bolted covers while standing outside the switchboard. 

 

 The main earth bar (which shall be insulated from the switchboard frame if frame earth 

leakage protection is provided) shall be marked with a green/yellow combination in 

accordance with Clause 6.4.2 of AS 2067. 

 

 Where frame earth leakage protection is provided, a separate earth bar shall be provided 

and connected to the switchboard frame. The frame earth bar shall be left bare and 

identified in each cubicle by means of a label. 
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2.5 INTERLOCKS 

 

Interlocks shall be provided as follows: 

 

(a) Main Circuits 

 

The following interlocks shall be provided in addition to the mandatory 

requirements specified in Clause 5.106 of AS 2086: 

 

(i) Where a separate hinged front door is provided for withdrawable 

switchgear incorporating handle operated crank and racking 

mechanism, it shall not be possible to open the front door of the 

compartment housing the switchgear unless the switchgear is racked 

out to the TEST position. Also, it shall not be possible to rack the 

switchgear in past the TEST position unless the front door of the 

compartment is closed. 

 

(ii)  The main switch shall be provided with a locking mechanism to secure 

it in the open position. The locking mechanism shall be capable of 

accepting an ETSA Utilitiesô padlock fitted with a 10 mm shackle or 

other devices approved by ETSA Utilities. 

 

(b) Earth Switches 

 

(i) Earth switches associated with incoming and outgoing circuits shall 

only be operable when either the associated switchgear is removed 

from the switchboard enclosure or the switchgear is racked out to the 

TEST position. In addition, the switchgear shall not be able to be  

inserted past the TEST position unless the earth switch is open. 

 

Where rear access is required and the earth switch of the associated 

switchgear is operated from the front of the switchboard, the rear panel 

shall be interlocked with the earth switch such that the rear panel 

cannot be opened unless the earth switch is in the closed position and 

the earth switch cannot be opened unless the rear panel is closed. 

 

(ii)  The incoming supply earth switch shall be provided with a separate 

locking mechanism to secure the earth switch in both the open and 

closed positions. The locking mechanism shall be capable of accepting 

an ETSA Utilitiesô padlock fitted with a 10 mm shackle or other 

devices approved by ETSA Utilities. 

 

(iii)  The busbar earth switch shall not be able to be closed unless the main 

switch has been removed or racked out to the TEST position. Also, it 

shall not be able to insert the main switch past the TEST position 

unless the busbar earth switch is open. 

 

In addition, a key interlock system (eg Castell) shall be provided 

between the busbar earth switch and lockable covers to the busbar 

compartments such that the key is trapped when the earth switch is in 
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the open position and the key is released to be used to unlock the 

busbar compartment doors when the earth switch is in the closed 

position. The key shall remain trapped in the busbar compartment door 

lock until the door is closed and locked. 

 

 (iv) Where the outgoing circuit supplies another HV switchboard, a key 

interlock system shall be provided between the outgoing circuit earth 

switch and  the incoming compartment door of the downstream 

switchboard. 

 

Similarly, where the outgoing circuit supplies HV equipment (eg 

transformer) which, for safety reasons, is located in a separate 

enclosure or room with access through a lockable door or cover, a key 

interlocking system shall be provided between the outgoing circuit 

earth switch and the access door or cover to the equipment. 

 

The key interlock system shall operate such that the key is trapped 

when the earth switch is in the open position and the key is released to 

be used to gain access to downstream equipment when the earth switch 

is in the closed position. The key shall remain trapped in the access 

door or cover of downstream equipment until the door or cover is 

closed and locked. 

 

(v)  The principles outlined in (iii) and (iv) shall be applied to each busbar 

section and tie switches of a split switchboard which is provided with 

dual supplies or a generator supply. 

 

3. HIGH VOLTAGE CIRCUIT BREAKERS 
 

3.1 GENERAL 

 

 High voltage circuit breakers shall be in accordance with AS 2006, AS 2067, AS 2086 

and AS 2650 and shall have the following features: 

 

 (1) Vacuum insulation medium. 

 

 (2) Capable of making and breaking the prospective fault current. 

 

(3) Mounted on a withdrawable, wheel mounted truck which shall be operated by 

means of a handle operated crank and racking mechanism preferably with a 

separate hinged front door to the compartment forming the switchboard 

enclosure. 

 

 The truck shall be provided with SERVICE, TEST and ISOLATED positions 

and associated mechanical indications. It shall be possible to rack the switchgear 

into the TEST position with the switchboard front door closed. 

 

 With the switchgear withdrawn from the SERVICE position, it shall be possible 

to maintain all control and indication connections to allow testing of the circuit 

breaker functions. 
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(4) A suitable lifting trolley shall be provided if the switchgear is not withdrawable 

directly onto the floor or platform. The trolley shall be provided with 4 swivel 

wheels to facilitate alignment of the switchgear. 

 

(5) Withdrawable switchgear of the same type and rating shall be directly 

interchangeable. 

 

(6) Mechanical OPEN and CLOSE pushbuttons. 

 

(7) Mechanical flag type OPEN and CLOSE indicators visible from the front of the 

switchboard. 

 

(8) Spring operating mechanism capable of both hand charging and motor operation 

with mechanical indication of the state of charge of the spring. 

 

(9) Anti-pumping circuitry. 

 

(10) Trip free operation. 

 

(11) Automatic operating shutters to completely cover both cable and busbar fixed 

connections when the switchgear is withdrawn. Shutters shall be padlockable in 

the closed position. 

 

(12) Mechanical interlocks in accordance with Clause 2.5. 

 

(13) Shunt releases for electric opening and closing where required for remote or 

automatic operation. 

 

(14) Controls and indications in accordance with Clause 3.2. 

 

(15) Separate fuses for controls, indications, charging motor and remote signals. 

 

3.2 CONTROLS AND INDICATIONS 

 

 The following front panel controls and indications shall be provided for each circuit 

breaker truck: 

 

(1) Mechanical OPEN pushbutton (red) 

 

(2) Electrical OPEN pushbutton (red) 

 

(3) Electrical CLOSE pushbutton (green) 

 

(4) CLOSED indicator light (red) 

 

(5) OPEN indicator light (green) 

 

(6) TRIPPED indicator light (yellow). This shall be extinguished by manually 

resetting the associated protection relay. 
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(7) LAMP TEST pushbutton (black) 

 

(8) Unit in TEST POSITION indicator light (blue) and unit in SERVICE POSITION 

indicator light (blue). 

 

 The SERVICE POSITION indicator light shall only come on when the circuit 

breaker is able to be closed electrically. 

 

(9) Remote controls and indications where required. 

 

4. HIGH VOLTAGE VACUUM CONTACTORS 
 

4.1 GENERAL 

 

High voltage vacuum contactors shall be in accordance with AS 2232.1 and shall have 

the following features: 

 

(1) Complete with HRC fuses and mounted on a withdrawable, wheel mounted 

truck which shall be operated by means of a handle operated crank and racking 

mechanism preferably with a separate hinged front door to the compartment 

forming the switchboard enclosure. 

 

 The truck shall be provided with SERVICE, TEST and ISOLATED positions 

and associated mechanical indications. It shall be possible to rack the switchgear 

into the TEST position with the switchboard front door closed. 

 

 With the switchgear withdrawn from the SERVICE position, it shall be possible 

to maintain all control and indication connections to allow testing of the contactor 

functions. 

 

(2) A suitable lifting trolley shall be provided if the switchgear is not withdrawable 

directly onto the floor or platform. The trolley shall be provided with 4 swivel 

wheels to facilitate alignment of the switchgear. 

 

(3) Withdrawable switchgear of the same type and rating shall be directly 

interchangeable 

 

(4) Mechanical OPEN and CLOSE indicators visible from the front of the 

switchboard. 

 

(5) Normally excited type (ie non-latching). 

 

(6) Anti-pumping circuitry. 

 

(7) Trip free operation. 

 

(8) Automatic operating shutters to completely cover both cable and busbar fixed 

connections when the switchgear is withdrawn. Shutters shall be padlockable in 

the closed position. 
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(9) Mechanical interlocks in accordance with Clause 2.5. 

 

(10) HRC fuses shall be in accordance with AS 1033.2 and shall be fitted with a 

striker pin to give a fuse blown indication from a micro switch. 

 

(11) Controls and indications in accordance with Clause 5. 

 

5. CONTROLS AND INDICATIONS 
 

The following front panel controls and indications shall be provided for each contactor 

truck: 

 

(1) CLOSED indicator light (red) 

 

(2) OPEN indicator light (green) 

 

(3) FUSE BLOWN indicator light (red) 

 

(4) LAMP TEST pushbutton (black) 

 

(5) Unit in TEST POSITION indicator light (blue) and unit in SERVICE POSITION 

indicator light (blue). 

 

 The SERVICE POSITION indicator light shall only come on when the contactor 

is able to be closed electrically. 

 

(6) Remote controls and indications where required. 
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6. EARTH SWITCHES 
 

Earth switches shall be in accordance with AS 1306 and the following: 

 

(1) Fixed (ie non-withdrawable) and forming an integral part of the associated 

switchgear. 

 

(2) Air insulated three pole switching and rated for fault making. 

 

(3) Manual operation padlockable in both the IN-SERVICE and EARTHED 

positions. 

 

(4) Mechanical switch position indicator operated by the position of the switch 

blades and not the operating handle. If the linkage is broken the IN SERVICE 

indication shall appear. 

 

(5) It shall be possible to clearly view the switch blades in the EARTHED position 

by means of an inspection window in the front of the switchboard without the 

need to gain access to compartments containing high voltage circuits. 

 

(6) Lockable cover to allow voltages to be checked and for routine maintenance 

testing. The cover shall allow easy access for a Modiwark tester. 

 

(7) Interlock facility in accordance with Clause 2.5. 

 

(8) Connected to the insulated main earth bar and NOT the frame earth where frame 

earth leakage protection is provided. 
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APPENDIX C 
 

CONTROL SYSTEM REQUIREMENTS FOR A TYPICAL WATER 
PUMPING STATION IN WATER DISTRIBUTION NETWORKS 

 

 

1. INTRODUCTION 
 

A typical water pumping station consists of a number of pumping units delivering water 

from a suction tank or trunk mains into a discharge tank . The pumping station is usually 

located adjacent to the suction tank or trunk mains with the discharge tank some distance 

away. 

 

The pumping units normally operate in duty/standby arrangement. Each pump normally 

starts and stops against a closed valve, either a reflux valve or an electrically actuated 

butterfly valve, to control surges in the pipeline. Surge control valves are generally not 

required where variable speed drives are used. 

 

A flowmeter is normally required to monitor the station output. 

 

2. CONTROL SYSTEM OPERATION 
 

2.1 GENERAL 

 

The pumps shall be provided with both manual and automatic controls (refer to Section 

6.3.2 of the main document). Automatic control of the pumping system shall be provided 

by a programmable logic controller (PLC). The PLC shall be supplied fully programmed 

with all parameters preset to the nominated values. Pump power and control circuits shall 

generally be in accordance with typical drawing 98-0010-01, suitably modified as 

required to incorporate specific requirements of the particular installation. 

  

2.2 PUMPING OPERATION 

  

Pumps shall be started and stopped depending on the water level in the discharge tank.  A 

start level and a stop level shall be set for each duty (including standby where applicable 

ï see Item (2) below) such that the corresponding duty pump starts when the water level 

is below the start level and stops when the water level is above the stop level. All pumps 

shall stop when the discharge tank reaches a preset high level or, where applicable, when 

the suction tank reaches a preset low level (refer to Section 4.4). 

 

Depending on the water distribution system requirements, the standby pump shall operate 

automatically in one of two ways as follows: 

 

(1) Immediately following a start/stop inhibit (refer to Section 2.4) when a duty 

pump fails and the corresponding duty set point requires the pump to continue 

operation. 
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(2) When the water level drops below the preset start level for the standby pump due 

to a failure of the duty pump. The standby pump shall stop when the water level 

is above the preset stop level for the standby pump. 

 

2.3 START/STOP SEQUENCES  

 

 The operation of electrically actuated discharge valves shall be incorporated in the pump 

starting and stopping sequences. 

 

During the starting sequence, the discharge valve shall close first (if not already closed as 

would be the case following a power failure) before the associated pump starts. Similarly, 

during the stopping sequence, the discharge valve shall close first before the associated 

pump stops. An alarm shall be provided and stop the pumps if the valve fails to close 

within a preset time during both starting and stopping (refer to Section 4.4). 

 

In addition, an EMERGENCY STOP pushbutton shall be provided for each pump to stop 

the pump immediately, bypassing the valve operation (refer to Section 4.2). 

 

2.4 START/STOP INHIBITS 

 

 A start/stop inhibit shall be provided to prevent any pump from starting or stopping 

within 5 minutes of another pump starting or stopping.  A restart inhibit shall be provided 

to prevent any pump from starting within 10 minutes of all pumps having stopped or 

within 10 minutes of restoration of power after a power failure. These inhibits are 

required to minimize the effect of pipeline surges.  One of the PLC inputs shall be used 

as a test input with a switch.  When the test input is óonô, the start/stop inhibit time shall 

be reduced to 5 seconds and the restart inhibit time shall be reduced to 10 seconds. The 

switch shall be accessible from inside the control panel only (ie accessible to the 

maintenance personnel only). 

 

3. TANK LEVEL CONTROL LINKS 
 

 A dedicated control link shall be provided to transmit the discharge tank water level and 

high/low level alarm signals to the pumping station. 

 

Where permanent access to the top of the tank is available, a submersible pressure 

transducer in a stilling tube attached to the inside wall of the tank or an ultrasonic 

transducer mounted on top of the tank shall be provided to measure the tank water level. 

 

Where permanent access to the top of the tank is not available, a pressure sensor mounted 

on a tapping point on the outside wall of the tank at ground level shall be provided. A 

vandal-proof enclosure shall be provided for the transducer and associated equipment. 

 

The transducer shall have a linear 4-20 mA output where 4 mA represents 0% and 20 

mA represents 100% (generally 300 mm below overflow level). The zero and span 

shall be adjustable. 

 

In addition, two float switches shall be provided in the tank, one for high level alarm 

(generally 100 mm below overflow level) and the other for low level alarm (generally 

1000 mm above tank floor level). 



 

 

 
PLANNING & INFRASTRUCTURE 

TG13 - UpdatedGeneral Principles for Electrical 
Design.docx 
Issued by: Manager Engineering 

10 January 2007 
Uncontrolled on printing 

Page 
72 of 94 

 

 
 

 

Where applicable, a level transducer with a linear 4-20 mA output and a low level 

alarm float switch shall also be provided for the suction tank. A separate dedicated 

control link shall be provided to transmit the suction tank level signal and low level 

alarm signal to the pumping station.  

 

The 4-20 mA tank level signals and high/low level alarm signals shall be used for pump 

controls, indications and interfacing with the telemetry system (see Sections 4 and 5). 

 

 Where the tanks are close to the pumping station, the tank level and high/low level 

alarm signals may be hardwired directly to the control system via underground cables. 

Where the tanks are remote from the pumping station, the signals shall be transmitted 

to the pumping station using an UHF radio telemetry link. Telstra lines may be used if 

radio is not feasible. All necessary approvals for the communications equipment shall 

be obtained from the Australian Communications Authority or Telstra as appropriate. 

 

4. CONTROLS, INDICATIONS AND ALARMS 
4.1 GENERAL 

 

 Controls, indications and alarms shall be provided at the main switchboard and control 

panel in accordance with the following subsections. 

 

4.2 CONTROLS 

 

 The following control facilities shall be provided on the front of the common control 

cubicle: 

 

(1) DUTY selector switch for selection of duty and standby pumps in accordance 

with the following example for a pumping system with 2 duty pumps and 1 

standby pump: 

Switch 

Position 

Duty 1 Duty 2 Standby 

1 Pump 1 Pump 2 Pump 3 

2 Pump 2 Pump 3 Pump 1 

3 Pump 3 Pump 1 Pump 2 

The number of switch position shall be adjusted to suit the number of pumps in 

the installation. 

 

(2) DISPLAY SELECTOR for selection of items displayed where a common display 

unit is used, eg discharge tank water level and each of the pump start and stop 

preset levels (refer to Clause 4.3). 

 

(3) SETPOINTS adjustment and display with a key-switch or similar device to 

prevent unauthorized access. 

 

(4) PEAK TARIFF PUMPING ENABLE-DISABLE selector switch to enable or 

disable pumping under automatic control during ETSA peak tariff periods, ie 

when ETSA tariff contact is open. 
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(5) LAMP TEST pushbutton (black) for all indicator lights and displays associated 

with the common controls. 

 

 The following control facilities shall be provided on the front of each individual motor 

control cubicle: 

 

(1) AUTO-OFF-MANUAL selector switch. 

 

(2) START (green) and STOP (red) pushbuttons. 

 

(3) OPEN (black) and CLOSE (black) pushbuttons (where an electrically actuated 

discharge valve is used) 

 

(4) RESET pushbutton (black). 

 

(5) LAMP TEST pushbutton (black) for all indicator lights and displays associated 

with the pump. 

 

(6) EMERGENCY STOP pushbutton (mushroom head, red) to immediately stop the 

associated pump set (where an electrically actuated discharge valve or a variable 

speed drive is used). 

 

4.3 DISPLAYS AND INDICATIONS 

 

 The following displays and indications shall be provided on the front of the common 

control cubicle: 

 

(1) Discharge tank water level (0 ~ 100%). 

 

(2) Suction tank water level (0 ~ 100%) where applicable. 

 

(3) Pump start and stop preset levels for each duty (0 ~ 100%). 

 

(4) Flow (L/s). 

 

These may be provided by individual display units, a common display unit or a touch 

screen device. 

 

 The following indications shall be provided on the front of each individual motor control 

cubicle: 

 

(1) PUMP RUNNING indicator light (white) 

 

(2) PUMP STOPPED indicator light (blue) 

 

(3) AVAILABLE indicator light (white) 

 

(4) Ammeter and selector switch 

 

(5) Kilowatt-hour meter (if required for energy monitoring) 
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(6) Metering test sockets or kW meter in conjunction with Class 1M or better CTs (if 

required for performance testing purposes). 

 

 Where electrically actuated discharge valves are required, the following additional 

indications shall be provided on the front of each individual motor control cubicle:  

 

(7) VALVE OPEN indicator light (white) operated from a valve limit switch on the 

valve actuator to indicate valve fully open. 

 

(8) VALVE CLOSED indicator light (blue) operated from a valve limit switch on 

the valve actuator to indicate valve fully closed. 

 

4.4 ALARMS 

 

 The following alarm indications and protection shall be provided at the common control 

cubicle: 

 

(1) Common control PLC FAULT alarm light (red). All pumps with AUTO selected 

shall be stopped. 

 

(2) TANK LEVEL CONTROL LINK FAULT alarm light (red) for each of the 

discharge and suction tanks where applicable. All pumps with AUTO selected 

shall be stopped. 

 

(3) DISCHARGE TANK HIGH LEVEL alarm light (red). All pumps with AUTO 

selected shall be stopped. 

 

(4) DISCHARGE TANK LOW LEVEL alarm light (red). An alarm contact shall be 

provided for interface with the telemetry system (see Section 5). 

 

(5) SUCTION TANK LOW LEVEL alarm light (red) where applicable. All pumps 

with AUTO selected shall be stopped. 

 

(6) WATER ON FLOOR  alarm light (red) operated from probes located at a low 

point, eg cable duct or just above floor level if there are no ducts or sumps in the 

floor. All pumps shall be stopped. 

 

 The following alarm indications and protection shall be provided at each individual 

motor control cubicle: 

 

(1) MOTOR FAULT alarm light (red) including motor overload and motor 

overtemperature alarms. The corresponding motor shall stop. A separate 

MOTOR WINDING OVERTEMPERATURE alarm light shall be provided if 

the motor is not provided with an electronic motor protection relay or if this 

protection is not incorporated in the relay. 

 

(2) VSD FAULT or SOFT STARTER FAULT alarm light (red) where applicable. 

This fault may be incorporated in the MOTOR FAULT if the VSD or soft starter 

provides the necessary motor protection. 
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(3) AUTO TRANSFORMER OVERTEMPERATURE alarm light (red) derived 

from the winding thermistors where auto transformers are provided. The 

corresponding motor shall stop. 

 

(4) DISCHARGE FAILURE alarm light (red) derived from a microswitch operated 

by the discharge valve spindle. The corresponding motor shall stop.  The alarm 

shall be inhibited for a period of 1 minute (adjustable) after initial starting of the 

pumpset. 

 

(5) LOW SUCTION PRESSURE alarm light (red) derived from a vacuum switch on 

the suction pipework for each pump. The corresponding motor shall stop. The 

alarm shall be inhibited for a period of 1 minute (adjustable) after initial starting 

of the pumpset. 

 

 Where electrically actuated discharge valves are required, additional alarms and 

protection shall be provided as follows:  

 

(6) EMERGENCY STOPPED alarm light (red) if the motor emergency stop button 

has been operated. 

 

(7) VALVE FAIL TO CLOSE alarm light (red). Time out fault if the valve fails to 

close within a preset time just greater than the travel time for the valve. The 

corresponding motor shall stop. 

  

In addition, POWER AVAILABLE alarm indications and protection shall be provided 

by one of the following methods: 

 

(1) A single white indicator light on the front of the common control panel operated 

from the undervoltage and phase imbalance relay in the main switchboard where 

a common relay is required. All pumps shall stop when an undervoltage or phase 

imbalance condition occurs in the incoming supply. 

 

(2) A white indicator light on the front of each motor control panel operated from the 

associated undervoltage and phase imbalance relay where a separate relay is 

required for each pump (refer to TABLE 7.2). The associated pump shall stop 

when an undervoltage or phase imbalance condition occurs in the motor feeder 

supply. 

 

5. INTERFACE TO SCADA/TELEMETRY SYSTEM 
 

5.2 GENERAL 

 

A remote telemetry unit (RTU) will be supplied and installed by others to transmit the 

required signals to the SCADA/Telemetry system. A wall space of not less than 900H x 

600W x 200D shall be provided inside the pumping station for the RTU cubicle. The top 

of the wall space shall not exceed 2000 mm above floor level and adequate space shall be 

allowed for the hinged front door of the RTU cubicle to be opened to at least 90 degrees. 
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All digital and analogue signals shall be grouped in a logical and orderly manner and 

terminated in an enclosure with a degree of protection of not less than IP52. Terminals 

shall be of the hinged link type with a minimum of 25% spare terminals for each group 

of signals. The terminal enclosure shall be located approximately 100 mm below the 

space allowed for the RTU. 

 

A special socket outlet (eg one with a round earth pin) shall be provided for the RTU 

adjacent to the terminal enclosure . 

 

5.3 DIGITAL INPUTS 

 

The following voltage free contact signals (rated at not less than 24 V dc 1 A, 2 wires per 

signal) shall be provided for input to the RTU (refer to Section 9.2 of the main document 

for further requirements on alarm signals): 

 

(1) POWER SUPPLY FAULT (open for fault; from undervoltage and phase 

imbalance relay) 

 

(2) PUMP RUNNING (for each pump; closed for running) 

 

(3) MOTOR FAULT (for each pump; open for fault) 

 

(4) VSD FAULT or SOFT STARTER FAULT (for each pump, may be incorporated 

in the MOTOR FAULT where applicable; open for fault) 

 

(5) VALVE OPEN (for each valve where applicable; closed for valve open) 

 

(6) VALVE CLOSED (for each valve where applicable; closed for valve closed) 

 

(7) VALVE FAIL TO CLOSE (for each pump discharge valve; open if valve fails to 

close within preset time) 

 

(8) EMERGENCY STOPPED (for each pump; open if pump emergency stop button 

has been operated) 

 

(9) AUTO TRANSFORMER OVERTEMPERATURE (for each auto transformer if 

provided; open for fault) 

 

(10) DISCHARGE FAILURE (for each pump; open for fault) 

 

(11) LOW SUCTION PRESSURE (for each pump; open for fault) 

 

(12) WATER ON FLOOR (open for water on floor condition) 

 

(13) DISCHARGE TANK HIGH LEVEL (open for high level) 

 

(14) DISCHARGE TANK LOW LEVEL (open for low level) 

 

(15) SUCTION TANK LOW LEVEL (open for low level) (where applicable) 
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(16) TANK LEVEL CONTROL LINK FAULT (for each of the discharge and suction 

tanks where applicable; open for fault) 

 

(17) PLC FAULT (open for fault). 

 

5.4 DIGITAL OUTPUTS 

 

The control system shall be capable for accepting the following voltage free output 

contacts from the RTU which will be rated at not less than 24 Vdc 1 A: 

 

(1) RUN (for each pump; closed to start and run pump, open to stop pump). 

  

The contacts may consist of separate individual contacts with two terminals available 

for each contact or they may consist of groups of up to 8 contacts with one terminal 

per contact and a common terminal. 

 

5.5 ANALOGUE INPUTS 

 

 The following 4-20 mA signals shall be provided for input to the RTU: 

 

(1) Discharge tank level. 

 

(2) Suction tank level (where applicable). 

 

 

 

(3) Flow. 

 

The 4-20 mA signals shall be in accordance with the following: 

 

 Linear with respect to the measured variable. 

 Capable of driving a load of 300 ohms. 

 Electrically isolated from other loops, power supply and earth. 

 Two wire, shielded with shield earthed at the equipment end. 

 

5.6 ANALOGUE OUTPUTS 

 

The control system shall be capable of accepting the following analogue outputs from 

the RTU: 

 

(1) Pump start and stop tank level setpoints for each duty (0 ~ 100%) 

 

The analogue outputs will be: 

 

 Linear 4-20 mA dc signals. 

 Capable of driving an impedance of 300 ohms. 

 Electrically isolated from other loops, power supply and earth. 

 Two wire, shielded with shield earthed at the source end. 
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5.7 PULSE INPUT 

 

 The following pulse signal shall be provided for input to the RTU: 

 

 (1) Integrated flow pulse (24 V dc not less than 50 ms in width). 



 

 

 
PLANNING & INFRASTRUCTURE 

TG13 - UpdatedGeneral Principles for Electrical 
Design.docx 
Issued by: Manager Engineering 

10 January 2007 
Uncontrolled on printing 

Page 
79 of 94 

 

 
 

APPENDIX D 
 

CONTROL SYSTEM REQUIREMENTS FOR A TYPICAL HOCV OR 
HOSV INSTALLATION IN WATER DISTRIBUTION NETWORKS 

 

 

1. INTRODUCTION 
 

Hydraulically Operated Control Valves (HOCVs) and Hydraulically Operated Sleeve 

Valves (HOSVs) are used to regulate flow into storage tanks and reservoirs in water 

distribution systems and to reduce excessive pressure in pipelines at the same time. 

Both types of valves are operated by water pressure from the pipelines and are 

controlled by solenoid valves in response to the tank levels. 

 

The valves produce a high noise level and are therefore normally housed inside a 

masonry building adjacent to the tanks or reservoirs. Two or more valves are generally 

employed in lead/lag arrangement. 

 

2. CONTROL SYSTEM OPERATION 
 

Each valve shall be provided with both manual and automatic controls. In the 

automatic mode, the valves shall open and close according to the preset tank levels 

and rotate their duty as described in (3) below. A start level and a stop level shall be set 

for each duty such that the corresponding duty valve opens when the water level is below 

the open level and closes when the water level is above the close level. All valves shall 

close when the tank reaches a preset high level. 

 

The control system shall generally be in accordance with typical drawings 95-0492-01 

and 95-0492-02 which depict a two-valve PLC based system. The control system shall 

be modified to accommodate the actual number of valves and other specific 

requirements for the particular installation. A non-PLC based system (eg relays and 

dedicated set-point controllers) may be used to provide the same functions and 

facilities including the following: 

 

(1) Independently adjustable Open and Close level set-points for each valve. 

 

(2) Digital displays (minimum 3 digits) of Open and Close level set-points for 

each valve and the tank level. A common display with selectors to show the 

various levels may be used. 

 

(3) Automatic rotation of valve duty following each operation cycle when all 

valves are closed, ie duty 1 valve becomes last duty valve, duty 2 valve 

becomes duty 1 valve, duty 3 valve becomes duty 2 valve etc as indicated in 

the following example for a 3-valve system. This shall operate only when two 

or more valves are selected for automatic operation. 

 

Operation 

Cycle 

Duty 1 Duty 2 Duty 3 

1 Valve 1 Valve 2 Valve 3 
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2 Valve 2 Valve 3 Valve 1 

3 Valve 3 Valve 1 Valve 2 

4 Valve 1 Valve 2 Valve 3 

etc    

 

The control system shall be provided with a battery backed power supply unit for a 

minimum of 8 hour continuous operation in the event of  a power failure.  

 

3. TANK LEVEL INSTRUMENTATION 
 

Where permanent access to the top of the tank is available, a submersible pressure 

transducer in a stilling tube attached to the inside wall of the tank or an ultrasonic 

transducer mounted on top of the tank shall be provided to measure the tank water level. 

 

Where permanent access to the top of the tank is not available, a pressure sensor mounted 

on a tapping point on the outside wall of the tank at ground level shall be provided. A 

vandal-proof enclosure shall be provided for the transducer and associated equipment. 

 

The transducer shall have a linear 4-20 mA output where 4 mA represents 0% and 20 

mA represents 100% (generally 300 mm below overflow level). The zero and span 

shall be adjustable. 

 

In addition, two float switches shall be provided in the tank, one for high level alarm 

(generally 100 mm below overflow level) and the other for low level alarm (generally 

1000 mm above tank floor level). 

 

The tank level and alarm signals shall be used for automatic control of the valves and 

for interfacing with the telemetry system (see Section 5). 

 

4. CONTROLS, DISPLAYS, INDICATIONS AND ALARMS  
 

The following controls, displays, indications and alarms shall be provided on the front 

of the control panel: 

 

(1) DISPLAY SELECTOR for selection of items displayed where a common display 

unit is used, eg discharge tank water level and each of the valve open and close 

preset levels. 

 

(2) SETPOINTS adjustment and display with a key-switch or similar device to 

prevent unauthorized access. 
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(3) AUTO/CLOSE/OPEN selector switch for each valve. In the AUTO position, the 

valve shall be controlled automatically by the PLC according to the tank levels. 

In the CLOSE and OPEN positions, the valve shall close and open respectively 

independent of the PLC and tank levels. 

 

(4) LAMP TEST pushbutton (black) for all indicator lights and displays. 

  

(5) POWER AVAILABLE indicator light (white). 

 

(6) BATTERY LOW VOLTAGE alarm light (red). 

 

(7) EXTRA HIGH WATER LEVEL alarm light (red). All valves shall close in 

both manual and automatic modes. 

 

(8) LOW WATER LEVEL alarm light (red). 

 

(9) PLC FAULT alarm light (red). All valves in automatic mode shall close (for  

PLC based system). 

 

(10) VALVE OPEN indicator light (white) for each valve. 

 

(11) Tank level (0~100%). 

 

(12) Valve open and close preset levels (0~100%) for each valve. 

 

The tank level and valve control set points may be displayed individually or on a 

common display unit with a selector switch. 

 

5. INTERFACE TO SCADA/TELEMETRY SYSTEM 
 

5.1 GENERAL 

 

A remote telemetry unit (RTU) will be supplied and installed by others to transmit the 

required signals to the SCADA/Telemetry system. A wall space of not less than 900H x 

600W x 200D shall be provided inside the building for the RTU cubicle. The top of the 

wall space shall not exceed 2000 mm above floor level and adequate space shall be 

allowed for the hinged front door of the RTU cubicle to be opened to at least 90 degrees. 

 

All digital and analogue signals shall be grouped in a logical and orderly manner and 

terminated in an enclosure with a degree of protection of not less than IP52. Terminals 

shall be of the hinged link type with a minimum of 25% spare terminals for each group 

of signals. The terminal enclosure shall be located approximately 100 mm below the 

space allowed for the RTU. 

 

A special socket outlet (eg one with a round earth pin) shall be provided for the RTU 

adjacent to the terminal enclosure . 

 

5.2 DIGITAL INPUTS 

 




