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FOREWORD

The Manual of Infrastructure Engineering - Electrical (MIEE) is the primary Defence policy
document when determining electrical engineering requirements for Defence facilities and
infrastructure. Its provisions are mandatory.

This manual can be accessed from the Defence Infrastructure Management System web site on the
Defence Intranet. It is also available to the public on the Internet at
http://www.defence.gov.au/im/.

The MIEE nominates Regulations and Standards as the minimum construction and maintenance
standard for Defence Facilities and Infrastructure, but, recognising the unique nature of some
Defence facilities and equipment housed in those facilities, the manual generally nominates
additional levels of electrical engineering than those required by Regulations and Standards.

All Defence new construction, refurbishment projects and maintenance activities are required to
be certified by the designer, contractor or maintainer as meeting the electrical engineering
requirements detailed in this manual.

JOHN OWENS
Head Infrastructure

Defence Support Group
15™ September 2010
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1 Infrastructure Electrical Engineering

1.1  Introduction

The overall electrical engineering philosophy for Defence facilities and infrastructure is the
provision of electrical systems that are compliant, safe, functional, energy efficient and offer the
best through life performance. Any special Defence capability requirements must be taken into

account when determining the electrical engineering requirements for Defence assets.

The respective Commonwealth, State and Territory legislation, regulations, ordinances, codes of
practice and Australian and international standards (regulations and standards) form the Defence
minimum construction standard. However, in recognition of the additional Defence capability
requirements, this manual generally specifies additional levels of electrical engineering than those
required by the regulations and standards. In this manual are requirements for:

= General Technical Requirements
» Internal Electrical Services
s  Switchboard Labelling and Numbering
= RCD protection
= Power Factor Correction
= Artificial Lighting
= 400 Hertz Systems
= Hazardous and Explosive Area Installations
= Aircraft Earth Reference Points
= Wharf Services
= Emergency Power Systems
= Uninterruptible Power Systems (UPS)
= Local Emergency Generators (LEG)
= Mobile Generator Link Boxes (MGLB)
= Electrical Reticulation and Power Generation Systems
= High and Low Voltage Distribution Systems

= Central Emergency Power Stations (CEPS), Central Power Stations (CPS) and Central
Energy Plant (CEP)

= Power Control and Monitoring Systems (PCMS)
= Operation of Power Generations and HV & LV Distribution Systems

Designers and contractors are responsible for ensuring full compliance with this manual unless a

dispensation is approved in accordance with Paragraph 6.5 — Alternative Methods and Designs.

Defence MIEE
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1.2 Aim

The aim of this manual is to assist those concerned with formulating requirements for electrical
engineering in the construction of new infrastructure and facilities, existing facilities and
infrastructure undergoing refurbishment, leased facilities for use or occupation by Defence and

maintenance of existing installations.

1.3 Application

The requirements of this manual apply to the design, construction and maintenance of electrical
installations. Alterations or additions to an existing installation shall comply with the provisions
contained herein in addition to those required by the regulations and standards.

It is not intended that the requirements of this document be applied retrospectively to existing
installations.

Alterations and additions to an existing installation shall not cause the original installation or the
electrical equipment connected thereto to operate or be used in a manner not in accordance with
current regulations and standards.

When referring to regulations and standards in this manual, this is intended to apply to all
regulatory requirements and recognised standards including Commonwealth, State and Territory
regulations, codes of practice and other subordinate legislation, Australian Standards, Defence
standards and recognised overseas standards.

Where any difference is perceived between the requirements described herein and those defined in
the regulations and standards, the requirements defined in the regulations and standards shall take
precedence and the matter shall be referred to the Director Estate Engineering Policy.

The content of reference regulations and standards, and other publications, have not been repeated
in this publication unless necessary for descriptive purposes. Where necessary an appropriate,
reference is made to the source of the information.

1.4  Electrical Installation Principles

Electrical installations in Defence establishments and in Defence leased premises shall conform to
the requirements of all applicable regulations and standards and guidance publications relevant to
the State or Territory where the installation or facility is located.

Electrical installations must also comply with the requirements of AS/NZS 3000 and applicable
Industry Regulator requirements and the Local Network Service Provider (NSP) requirements such

as the Service and Installation Rules or equivalent.

Furthermore, electrical installations and equipment shall comply with all appropriate and relevant
Australian standards, for the type of installation or equipment to be used, irrespective of their

Defence MIEE
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status. Where Australian standards are not available, recognised international or overseas national
standards shall be used where they are relevant to the type of installation or equipment and to the
installation conditions in Australia.

Designs shall be selected, after comparing all design options available, using the most cost
effective design solution that will meet the requirements of this manual, the user requirements,
those specific requirements to the establishment or facility and the Regulations and Standards.
Designs shall be performance based and shall be engineered to include equipment and materials
complying with the appropriate standards considering current and future use, especially if and

when any major refurbishment or change in use is contemplated.

1.4.1 Conflicts between Regulations and Standards and Defence Requirements
Where a statutory standard conflicts with this manual, the matter must be referred to Director

Estate Engineering Policy (DEEP) for resolution.

Where a statutory standard conflicts with another Defence standard, the matter must be referred to
the relevant Defence Technical Authority through DEEP for resolution.

Statutory requirements or standards that conflict must be referred to the appropriate regulatory
authority for resolution, with an information copy to DEEP. Where compliance with Part 2 of
AS/NZS 3000 cannot be achieved and compliance by specific design and installation under clause
1.9.4 of AS/NZS 3000 is being applied, formal letters of acknowledgement must be signed and
approved by DEEP, refer Paragraph 6.5 — Alternative Methods and Designs.

Conlflicting requirements shall be fully documented by the designer or contractor and shall contain
a proposed course of action suitably argued with compensating factors clearly identified. Formal
written Defence approval of any alternative method and design proposal must be obtained at the
earliest stage possible in accordance with the Alternative Methods and Designs approval process
provided at Para 6.5 — Alternative Methods and Designs. All regulatory advice and approvals
including Defence approval shall be included in the design report, project files by the relevant

Defence Project Officer and the operation and maintenance documentation and manuals.

1.4.2 Emergency Power Principles
Emergency power systems shall be considered on a case by case basis, supported where

appropriate by a risk analysis of the hazards involved for the installation. Emergency power

systems shall only be considered when:

a) statutory requirement, standard or Defence policy requirement dictates the provision of
emergency power (e.g. ATC Tower, Aircraft Navigation Aids, certain hospitals);

b) regular critical operations are undertaken at the facility that would be adversely affected by
interruption of electricity supply (e.g. Operational Command Centres, Communication and
Information System Centres (CISCEN) and critical communications facilities);

Defence MIEE
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¢) an interruption of the electricity supply would result in a severe life safety or environment
incident for critical functions such as emergency response facilities and essential engineering

services;

d) the frequency and duration of operations cannot be supported efficiently and cost effectively
by mobile or hire generators. Any facility that can tolerate an outage of around 48 hours can,

under normal circumstances, be adequately supported by mobile generator;
e) essential functions and services cannot be transferred to, or catered by, unaffected areas;

f) site emergency power supplies such as CEPS cannot meet the emergency power requirement;
and

g) the financial losses due to power interruptions, under normal supply availability conditions,
would exceed the through life costs of an emergency power system (certain tactical training
centres and simulator facilities).

Central Emergency Power Stations shall be suitably justified by the relevant sponsor normally on
operational grounds for the establishment.

Guidance on a case by case basis is available from the DEEP in order to determine whether or not

emergency power should be provided.

1.4.3 Energy Efficiency
Electrical installations shall comply with the Defence Energy Efficiency and Ecological

Sustainable Development policies and principles and the Building Code of Australia (BCA).

1.5 References
Reference is necessary to current issues of the following documentation:

a) Commonwealth, State and Territory legislation, regulations, codes of practice and other

subordinate legislation
b) National Electricity Codes
¢) NSP rules.
d) Australian Standards (AS).
e) International Standards (ISO, IEC).
f) Defence and Military Standards
g) Infrastructure Management System (IM)

Infrastructure Management System (IM)
The Defence Infrastructure Management system (IM) promulgates policy and procedures for the

management of the Defence estate, including the procurement of capital facilities and facilities
operations and maintenance. The IM is the prime reference system and documentation for all
Infrastructure activities and processes. The provisions of the IM are mandatory. The requirements
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relating to ‘as-constructed drawings’ and the Spatial Data Management Plan (SDMP) can be found
on the IM at:

http://www.defence.gov.au/IM/business/spatial/main.htm

National Electricity Code Requirements
Where applicable, installations shall comply with the requirement of the National Electricity Code.

In general this includes, but is not limited to:

a) Installations that have become contestable in the NEM.
b) Installations that have electrical power generation that can be run in parallel with the grid.

The designer shall determine if the installation has any obligations under the NEC and if Defence
has intent to alter the status of the installation with regards to the NEC.

The new installations shall meet the present obligations and those arising from any proposed
change of the NEC status. This shall include, but not be limited to:

a) The provision of compliant metering;
b) Power Factor; and

¢) Harmonics.

1.6 Dispensations
Dispensations from the requirements of this manual and alternative design solutions shall be

approved in accordance with Para 6.5 — Alternative Methods and Designs.

1.7 Responsibilities and Agency Roles

Defence Support Group (DSG) is responsible for the provision of and maintenance of facilities
and infrastructure in support of Defence activities and capability. DSG carries the responsibility for
the construction and maintenance of fixed electrical installations and infrastructure. DSG
responsibilities are summarised as follows:

Assistant Secretary Estate Policy and Environment (ASEPE) is the DSG Technical
Authority (TA) for the development and promulgation of Infrastructure Engineering policy,
DSG Business Rule 11 refers.

Directorate of Estate Engineering Policy (DEEP) is the subject matter expert responsible for
developing technical engineering design policy, and for providing technical engineering
support pertaining to the management and development of Defence estate.

Defence MIEE
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Directorate of Estate Maintenance Policy (DEMP) is the subject matter expert responsible
for developing technical engineering maintenance policy, and for providing technical
engineering support pertaining to the maintenance of Defence estate.

Regional Directors are responsible for the implementation of engineering policies at base
level for regionally delivered projects and operations and maintenance activities. These are
normally delivered through the Comprehensive Maintenance Services (CMS) contract.

Infrastructure Asset Development (IAD) Branch is responsible for the implementation of
engineering policies for Medium and Major New Works projects. The IAD Branch has Project
Directors assigned to major new works. The Project Director may engage a Project
Manager/Contract Administrator as part of the procurement and implementation process.

Public Private Partnerships (PPP) Branch is responsible for the implementation of
engineering policies for PPP Works projects

Directorate of Ordnance Safety (DOS) is the Technical Regulator for Explosive Ordnance (EO)
Storage and Transport and thus responsible for providing high level policy governing EO storage
and maintenance facilities. DOS is the sponsor OPSMAN 3 ’Safety Principles for the Handling of
Explosive Ordnance’ which incorporates construction criteria for electrical installations for EO
areas and facilities.

Directorate of Explosive Ordnance Services (DEOS) is the Defence authority responsible for
licensing, safety monitoring and certification of all ADO facilities except Defence Science
Technology Organisation (DSTO) where EO is stored and maintained. As part of the licensing role
DEOS advises on the applicable standards to be applied to the design and construction of EO
facilities and storage areas. DEOS is the sponsor of DEOP 103 Defence Explosive Ordnance Safety
Manual which details safety requirements for electrical installations and precautions against

electrical hazards.

Navy Platform Systems, Directorate of Power, Propulsion Auxiliary and Control Systems are
the sponsor of the Defence Australian Standard 5000 Volume 5 part 11 Shore Electrical Power
Supply for RAN Ships and Submarines.

Sponsors, Users/Occupier is responsible for the recognition and advising the use of facilities,
equipment specifications and also for classification of hazardous and explosives areas in the

workplace. Assistance in the classification can be provided by the designer.

The Defence Electrical Operating Authority. The Department of Defence, as the owner and user
of electrical systems on its establishments, is responsible for their operation. Defence vests the
responsibility for technical control and operational safety for the Base electrical system with the
Electrical Operating Authority engaged normally as part of the CMS. The Electrical Operating
Authority appoints a Network Controller who is the authority responsible for the operation of
Defence reticulation systems.

Defence MIEE
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The Electrical Operating Authority is responsible for the configuration and operation of the Base
electrical system at all times to ensure the safety of personnel, the continuity of supply, adequate
system documentation and the safety of plant and equipment in accordance with CMS requirement
"Operation of Low and High-Voltage Power Generation and Electrical Reticulation Systems at
Defence Establishments available through the Regional Manager, refer also Chapter 29. The
Electrical Operating Authority is also responsible for regulating access to Defence reticulation
systems. The issue of instructions and requirements for the operation of the Base electrical systems
is the responsibility of the Regional Directors.

Regulatory Authorities
Regulatory Authorities are responsible for administering the Acts and Regulations promulgated by
government bodies. Defence electrical installations shall entirely comply with any requirements

administered by, as a minimum, the authorities as listed below:
a) Energy Networks Association (ENA)

b) Australian Energy Regulator (AER);

¢) Australian Energy Market Commission (AEMC);

d) Australian Energy Market Operator (AEMO) and

e) Network Service Provider (NSP).

1.8 Sponsor
This document is sponsored by DEEP on behalf of the Technical Authority ASEPE. Enquiries may
be directed to:

Director Estate Engineering Policy
Brindabella Park (BP-2-B049),
Canberra ACT 2600

Tel: (02) 6266 8178 Fax: (02) 6266 8211 Email: mark.turner2@defence.gov.au
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3 High Voltage System Master Plans and Project
Development Plans

3.1 High Voltage System Master Planning

An electrical master plan is a stand-alone document that provides a framework within which the
future development of electrical supply infrastructure at a Defence establishment can take place. It
is a broad outline addressing the needs of the establishment in the areas of:

a) Electrical supply into the establishment;
b) Electrical distribution within the establishment;
¢) The requirements for standby generation, and

d) The requirements for monitoring and control systems for the electrical systems.

An electrical development plan is similar to an electrical master plan but is generally specific to a
project or development activity. Electrical Master Plan and Development Plan reports must carry
signature approval from DEEP before they may be circulated.

3.1.1 Master Plan Policy Objectives

The objective of this policy is to provide a strategic framework within which electrical

infrastructure works are implemented in a carefully considered way. The purpose of this is to:

a) Ensure adequate infrastructure capacity is available for new and current developments for a
minimum of 15 years;

b) Minimise redundant or abortive works;

c) Provide a framework for the planning of longer-term infrastructure projects.

3.1.2 Master Plan Concepts
The following concepts are used in master planning and development planning as discussed in the

following paragraphs and shown in the typical high voltage system diagram, Figure 3.1 below
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Base Load Centres or Zones
Load centres or zones are groupings of load that have a similar function and geographic location.

Example load centre types may include:

a) Domestic;
b) Airfield;

¢) Technical; and

d) Support load types.

INCOMING
sssssss

They form the most basic level of priority of the electrical system. For this reason, and as far as

practical, the loads associated with a particular load centre are normally connected to the same HV

ring main. In times of electrical supply shortage this allows HV switching to occur to shed loads of

a particular type.

Intake Switching Stations and Intake Substations (ISS)
Intake Switching Stations and Intake Substations (ISS) form the connection point between the

DNSP feeder cables and the Defence reticulations system. ISS are part of the primary distribution

system. At establishments with a separate Distribution Network Service Provider (DNSP) intake

station provided prior to the ISS, these are referred to as Intake Stations (IS)
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Primary Distribution
For the purposes of convenience the electrical distribution is divided into two major components,
the primary distribution and secondary distribution.

The primary distribution is that portion of the electrical network that transfers bulk electricity
around the establishment. It generally consists of a series of primary nodes that are interconnected
by feeder cables, to which no load is connected along their length.

The feeder cables can be either:
a) Incoming feeders from the DNSP, or

b) Interconnections that directly connect the primary nodes.

The primary nodes can be either:

a) Primary Switching Stations — HV switchboards, such as the establishment HV switchboard, at

which no voltage transformations occur; or

b) Primary Substations — Substations at which a transformation occurs from a higher voltage,
such as the DNSP’s sub transmission voltage, to the HV distribution voltage used at the
establishment.

Secondary Distribution
The secondary distribution is that portion of the electrical network associated with conversion of

the electrical supply to the final utilisation voltage (400V). It consists of the distribution substations
and the ring mains that connect these to the primary nodes.

Central Emergency Power Station (CEPS)
The CEPS is a power station that is used to produce standby power for the entire establishment, or
large portions of it, in the event of failure of the mains supply.

In order to distribute this power around the establishment the CEPS is often configured so that it
energises the site HV distribution network. Requirements of CEPS systems are described at
Chapter 27 —Central Emergency Power Station (CEPS), Central Power Station (CPS) and Central
Energy Plant (CEP.

Local Emergency Generator (LEG)
A Local Emergency Generator provides standby power for a specific facility or group of facilities

during a power interruption. LEGs are typically smaller than CEPS and can start and supply critical
loads quicker than CEPS.

Central Energy Plant (CEP)

A CEP is a power station that can run for extended periods to offset the electrical demand of a
Base. CEP installations may also supply energy in other forms, for example waste heat from gas
generators being used to run absorption chillers for reticulated cooling.
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Central Power Station (CPS)
The CPS is a power station that produces continuous power for the entire establishment. A CPS is
typically employed in remote areas where grid connection of the establishment is not feasible.

3.1.3 Master Planning Considerations
The master plan shall be a stand-alone document that is well justified. It shall include detailed

reasoning and the rationales behind each decision, including all relevant supporting documentation,
to allow review by the major stakeholders.

The following is a list of key considerations and planning objectives that should be addressed as
part of any master planning process.

Incoming Supply

Connection Agreements
The electrical master plan should highlight any issues that might have an impact on the connection

agreement for the establishment. This includes such issues as supply tariffs or required increases in
authorised demand.

NEC Issues
On contestable sites or sites that could become contestable, the master plan shall address

compliance with National Electricity Code. Of particular interest at most sites is power factor.

Supply Voltage
The electrical master plan shall consider, in terms of potential cost savings and reliability, the

voltage at which the establishment takes supply. Where supply is or will be available at more than
one voltage, a Nett Present Value (NPV) projection shall be carried out to determine overall cost-
effectiveness of each voltage.

Redundancy and Reliability Issues
The electrical master plan must consider the reliability of the existing and proposed mains supply

with particular emphasis on the frequency and duration of supply interruptions experienced.

A key aspect in the proposed supply arrangement is the degree of redundancy offered in the DNSP

network. This shall be examined in terms of the vulnerability of the supply to:
a) Network events, or

b) External attack.

Supply reliability is a key input to consideration of the need for on-site emergency power
generation, particularly centralised power generation.
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Loads
The master plan shall examine the overall master plan for the establishment and any supporting
documents such as precinct plans in order to establish:

a) What new facilities are being constructed and the timeframe, and

b) What existing facilities are being demolished and the timeframe;

The impact of these works on the overall establishment load over time shall be assessed with
respect to:

a) The magnitude of the load over time;
b) The changing distribution of the load, and in particular the location of the load zones, over
time;

In performing these projections the following methodology shall be adopted:

a) Existing Loads: The electrical demand applicable to an existing facility shall be determined in
either of three (3) ways:

— Actual recorded measurements for the facility from the DESN or other recognised
metering device over a continuous period of twelve (12) months. (Note that data from
other than the previous twelve months should be incremented at 3% p.a.).

— Detailed evaluation of the facility loads utilising Appendix C of AS/NZS 3000; or
—  Careful application of recognised W/m? rules.

b) New Loads: Unless actual design data is available the maximum demand of new facilities can
be estimated by the careful application of W/m? rules.

¢) Load Growth: In projecting electrical demand on high voltage systems an annual load growth
of 3% shall be used unless otherwise approved by DEEP.

The Ultimate Base Load shall include allowance for the above existing load, new load and load
growth categories. Ultimate Base Load must be agreed by DEEP.

Primary and Secondary Distribution

System Configuration
In determining the proposed system configuration the key considerations shall be the reliability and

redundancy provided by the arrangement.

For larger establishments the following shall be features of the arrangement:
a) At least two incoming feeders into the establishment;

b) Incoming feeders connected to separate distribution nodes consisting of HV switchboards to
which the secondary distribution is connected;

¢) Interconnector cables run between the distribution nodes to enable power transfer between
them;
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d)

Distribution substations connected on ring mains that run from one primary node to another
one.

Centralised emergency power generation (if provided) is co-located with one of the
distribution nodes, preferably with the standby feeder.

For all configurations, particularly those involving multiple supplies running in parallel a basic load

flow study shall be required to confirm viability. The load flow study must confirm a full alternate

supply to distribution substations on the failure of any single element of the distribution system.

System Capacities

The System components shall generally be sized as follows:

a)

b)

d)

HV Cables Generally:

—  Sized for a minimum fault level of 250 MV A for one second;

—  Sized for a minimum capacity of 4 MVA when all derating factors are applied, and

—  Constructed using a minimum 120 mm” Cu/XLPE or equivalent aluminium conductor.

Incoming Feeders and Primary Substation Transformers: Sized for the Ultimate Base
Load. The Second feeder can be a lower capacity feeder; however this is subject to an NPV
analysis and will require approval from DEEP. Where incoming supply is by transformers
there shall be a minimum of two transformers arranged to maintain full supply in the event of a
primary transformer failure.

Interconnectors: Sized to accommodate the power transfer that can occur under the worst
case condition, including single contingency failure or worst-case configurations, such as when
the ring main open points are all shifted to one end.

Ring mains: Sized to accommodate the worst-case load and voltage drop that can occur when
the open point is shifted to one end. At establishments with a single interconnector this shall
also include consideration of through load conditions that may exist if the interconnect has
failed. The ring main rating used in the design shall consider the installation method of the
cable. In most instances cable will be direct buried but there could be significant lengths
installed in conduit under paved surfaces. In general the rating should be for installation in
conduit. To allow for uneven loading of the rings and for future loads to be connected, the
master planned loading on ring mains should generally not exceed 60% of cable capacity. Any
development exceeding this limit requires DEEP approval.

Site Selection
Primary substations/switching stations and power stations shall generally be located within the

higher security zones of the establishment.

The detailed site of major plant shall be selected in accordance with the site selection criteria given

in Chapter 26 —High and Low Voltage Distribution System Requirements.
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Emergency Power Generation

Requirement
Certain loads are provided with standby power in the event that the mains supply fails. In addition,

certain operational establishments are provided with a CEPS. The master plan shall consider the
operational requirements for standby power generation for the existing and new loads. This shall
include:

a) The types of operations conducted and the consequence of power supply interruptions;
b) Current practice at the establishment;
¢) Normal Defence practice in providing standby power;

d) The reliability of the electrical supply.

Depending upon the nature of the loads requiring standby power and their geographic distribution

the master plan shall recommend either:
a) Local power generation using LEGs at each facility;
b) Centralised power generation using a CEPS, or

¢) A combination of both, with LEGs powering building essential loads and a CEPS providing
site power.

CEPS Capacity
Should a CEPS be proposed the master plan shall recommend a capacity taking into account the

availability of load shedding or other load control measures and either:
a) The magnitude of the loads requiring standby power from the Ultimate Base Load
calculations, or

b) A percentage of the total establishment load (e.g.: typically 70% for operational RAAF bases)

based on operational experience.

Site Selection
Centralised power generation should generally be located within the higher security zones of the

establishment.

The detailed site of a CEPS major plant shall be selected in accordance with the site selection
criteria for switching stations given in Chapter 26 —High and Low Voltage Distribution System
Requirements. In any case the CEPS should be located a minimum of 400 metres from the
connection point for the primary incoming feeder from the NSP (typically the ISS).

3.1.4 Master Plan Report
For the requirements for the structure and content of Master Plan Reports, refer to Chapter 4 —

Documentation Standards.
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3.2 High Voltage System Development Plans

3.2.1 Development Plan Considerations

A High Voltage Development Plan is a plan produced either as a precursor to or as part of the
Concept Design Report for a particular project that details the extent of work to be executed under
that project and demonstrates how this is consistent with the master plan. In this it is similar to
detailing the staging of the works under a master plan and so it needs to meet the same

requirements but is tailored to a particular development activity.

Where a master plan report does not exist the Development Plans shall indicate how the proposed
works will fulfil the infrastructure needs of the current project and not limit future development of
the electrical infrastructure needed for possible future developments. In essence it must fulfil the

basic master planning principles described above for master plans.

The key considerations in the formulation of a Development Plan are that the proposed works are:
a) Consistent with the Master Plan;

b) Meet the immediate electrical supply needs of each project while minimising capital
expenditure both for the project and long term;

¢) Minimise redundant work at each stage.

Development plans shall be submitted for DEEP approval prior to their circulation.

3.2.2 Development Plan Format
For formatting requirements for Development Plans, refer to Chapter 4 —Documentation

Standards.
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4 Documentation Standards

4.1 Background
This chapter defines the technical standards for documentation of electrical power generation and
distribution systems at Defence establishments. This policy includes requirements for:

a) Electrical Master Plans and Development Plans;

b) Standard Drawing Arrangements;

¢) System Documentation and Operational Drawings;
d) Design Reports;

e) Design Documents;

f) Shop Drawings and Submissions; and

g) As Installed Documents and Operation and Maintenance Manuals.

Documentation for the following systems is included:
a) Site plans and cabling layout drawings;
b) Equipment layout drawings.
c) High voltage systems including:
e Protection systems, including:
e AC and DC schematics, and
e Protection schemes;
¢ Load Flow and Volt Drop Analysis
d) Power generation systems, including:
e [Engines;
e Fuel systems;
e Cooling systems;
e Starting systems;
e Alternators, and
e Associated control system.
Low voltage primary systems;
a) Control and instrumentation systems;
b) Other auxiliary systems, such as On Load Tap Changers;
¢) Auxiliary power systems; and

d) Earthing systems.

Defence MIEE



This chapter provides guidance and detailed technical material as necessary to define the Defence
documentation requirements and standards to be applied, in addition to the applicable statutory

regulations and standards.

4.2 Referenced Documents

All documentation shall be of the best standard and shall comply with the relevant Australian
Standards, or if such do not exist, with the relevant IEC or International (ISO) Standards.
Irrespective of any requirements shown in this manual the documentation as a whole shall comply
with:

= Australian Standards

AS/NZS 1102 Graphical Symbols for Electrotechnical Documentation (series)
AS/NZS 3000 Wiring Rules.

AS 2067 Substations and high voltage installations exceeding 1 kV a.c.
AS 3702 Item Designation in Electrotechnology.

= Other Standards

The rules and regulations of the relevant NSP.
IEC 61131-3 Programmable Controllers — Programming Languages
The requirements of any other Authority having jurisdiction over the installation.

= Technical References

No Technical References are utilised.

4.3 Documentation Process

4.3.1 Requirements of the Designer and Contractor

The designer and contractor are responsible for complying with the requirements of this chapter,
the additional requirements outlined in the FDB and the requirements of regulations and standards.
This responsibility encompasses documenting the installation and specifying equipment to meet the
required standards and also verifying that the final as installed, and operational and maintenance

documentation, when completed, complies with these requirements.

The Designer and Contractor must also ensure that the documentation is adequately detailed so that
the identified procedures and activities can be undertaken safely and reliably in the facility.

In addition to the requirement for design documentation such as specifications and drawings, the
Designer must provide design reports and other reports as outlined in the IM Design Management
requirement, this manual and any other technical investigations or reports as detailed in the FDB.
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4.3.2 Requirements of the Electrical Operating Authority/Network Controller
The Electrical Operating Authority (EOA)/Network Controller (NC) is responsible for maintaining

up to date operational drawings as described in Para 4.6 — Requirement for System
Documentation and Operational Drawings of this document. This responsibility includes ensuring
that the documentation provided by the designer for any alteration or addition complies with these
requirements and has been appropriately incorporated into the Base/Establishment records.

4.4  Documentation Standards

Defence attaches considerable importance to the provision of proper documentation of the design
(including specification, drawings, datasheets etc) and due regard shall therefore be paid to the
detail and completeness of such documents. Documentation shall be clear, concise and precise.

4.4.1 Specification of EQuipment
Unless special circumstances exist, equipment and materials shall not be specified by make and

model number but shall be selected on the basis of their performance, suitability, availability,
maintainability and cost effectiveness. Any proposal to specify equipment by make and model shall

be formally documented for approval by Defence.

4.4.2 Text Documentation Format

The format of all text documentation, whether this is for the Functional Design Brief (FDB),
Concept Design Report (CDR), design specifications, data sheets, Operation and Maintenance
Manuals or any other Design Reports shall be generally as follows:

a) The page size shall be A4 but may be A3 where drawings are also incorporated.
b) Shall be provided in both Microsoft Word and PDF formats
¢) New sections shall commence on new pages.
d) A revision box shall be included at the beginning of each document with:
— Revision number;
— Author;
—  Checked;
— Approved; and
— Date.

4.4.3 Drawings Format
The drawings shall be clearly legible when printed on A3 size sheets.

All drawings shall be to a professional standard and drawn in accordance with the relevant
Australian, IEC or International (ISO) Standards. Drawings shall be provided in both their native
format (e.g. DGN, DWG) together with the relevant reference files, colour tables and line styles
and also in PDF format.
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Where appropriate, the drawing scale must be shown. The drawing shall also include a graphic

scale to facilitate scaling when a sheet is reproduced at a different size to the original.

All drawings shall have a revision box containing:
a) Revision number and status;

b) Designed;

¢) Drawn;

d) Checked;

e) Approved; and
f) Date.

Non-standard Symbols
Symbols shall comply with Australian Standards.

Where the use of non-standard symbols is unavoidable, reference to the symbol(s) shall be made in
the form of a legend on the drawing, accompanied by explanation and description.

4.5 Requirements for Electrical Master Plans and
Development Plan Reports and Drawings

45.1 Electrical Master Plan

Introduction

The Electrical Master Plan report shall document in detail the factors considered in the master
planning process. These considerations are listed in detail in Chapter 26 — High and Low Voltage
Distribution System requirements.

Electrical Master Plan and Development Plan reports must carry signature acknowledgement from
DEEP before they may be circulated.

Report Format
The Electrical Master Plan shall consist of a written report with drawing attachments as required.
The following is a representative outline of the report. This outline is provided for guidance only

and all sections might not be applicable in all instances.

Existing Installation

Incoming Supply
a) Configuration of the incoming supply including its source and voltage.

b) Any limitation on the capacity of supply as a result of factors in the DNSP’s network;
¢) The condition of the DNSP assets;
d) Factors negatively effecting reliability of the incoming supply;

e) Redundancy issues, including the alternative mains connections.
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Existing Loads

a)
b)
¢)
d)
e)

The types of loads at the establishment;

Magnitude of the load;

Electrical characteristics of the load, such as power factor or load fluctuations;
The distribution of load across the establishment;

The load profile of the load across the day.

Primary Distribution and PSS

a)
b)
c)
d)
e)
f)

Configuration of the primary distribution;

Feeder/Interconnector capacity including their construction and capacity;
HV switchboard arrangement and capacity;

Space limitations;

Condition and age of the assets;

Reliability and Redundancy issues.

Secondary Distribution and Distribution Substations

a)
b)
c)
d)
e)

Configuration of the ring mains;

Ring main capacity including their construction and capacity;
Distribution substation arrangement and capacity;

Condition and age of the assets;

Reliability and Redundancy issues.

Central Emergency Power Station

a)

b)

¢)
d)

Configuration of the station:

— Capacity and connection arrangements of the generators;

—  Physical arrangement of the building and generating halls;

Operation of the control system, including any limitations on automatic operation;
Condition and age of the plant;

Reliability and Redundancy issues.

Control and Monitoring Systems

a)

b)

d)

Configuration of any control and monitoring systems, in particular systems that:
—  Monitor the status or power flows in the electrical distribution system, or

— Provide control of load shedding devices;

Capabilities of the systems;

Interfaces to other systems;

Condition and age of the plant.
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Deficiencies
The main deficiencies of the existing systems in:

a) Meeting the existing loads;
b) Limiting the future expansion;
¢) Limiting long-term supportability;

d) Ensuring acceptable reliability of operation.

Loads and Ultimate Base Load
a) The types of proposed new loads and demolitions;

b) Magnitude of the load,

¢) Electrical characteristics of the load, such as power factor or load fluctuations;
d) The distribution of load across the establishment;

e) The load profile of the load across the day.

Drawings
a) Existing system;

— SLD;
—  Geographic layout.
b) Electrical Master Plan
— Loads and load zoning;
— SLD;
—  Geographic layout.

An Electrical Master Plan is a stand-alone document that provides a framework within which the
future development of electrical supply infrastructure at a Defence establishment can take place. It
is a broad outline addressing the needs of the establishment in the areas of:

a) Electrical supply into the establishment;

b) Electrical distribution within the establishment

¢) The requirements for standby generation, and

d) The requirements for monitoring and control systems for the electrical systems.

Electrical Master Plan and Development Plan reports must carry signature acknowledgement
from DEEP before they may be circulated.

Drawing Requirements
Drawing Requirements are provided at paragraph 4.5.3—Standard Arrangement Drawings.
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4.5.2 Electrical Development Plan

Introduction
An Electrical Development Plan is a plan produced, often as part of the Concept Design Report for

a particular project, which details the extent of work to be executed under that project and how this
is consistent with the master plan. In this it is similar to detailing the staging of the works under a

master plan and so it needs to meet the same requirements.

Report Format
a) A report, usually as part of the CDR for the project, that details;

— The proposed works, including a description of how these conform to the master plan;
— Estimates for each stage.
b) Drawings accompanying the report;
— SLD for each stage;
—  Geographic layout for each stage;

— Loads and load zoning, where differing from master plan.

Where there is no master plan report the Electrical Development Plan will also need to include the
relevant detail as described above for the Electrical Master Plan report.

45.3 Standard Arrangement Drawings

High Voltage Master Plan Zone Plan - Load Zoning Diagrams
Zone diagrams are planning documents that detail the location of the various load types in

the site. The load types are loads with different functions, such as operational loads,
domestic load and support loads. For this purpose it is preferred that the layout occupy a
single sheet, using colour for increased clarity. Each load type shall be identified on the plan
as a hatched area with a different colour. Sample zone plan diagram drawing is provided at
Figure 4.1.

High voltage Single Line Diagrams
Single line diagrams are planning documents that show the broad configuration of the HV

network. For this purpose it is preferred that the SLD occupy a single drawing sheet able to
be reproduced in black and white. The SLD shall detail the HV system down to the
transformers at distribution substations, including the rating of the distribution transformer.
Sample high voltage single line diagrams are provided at Figure 4.2.

High Voltage Geographic Layouts
Geographic layouts are planning documents that detail in broad terms the physical location

of substations and HV cables at a facility. For this purpose it is preferred that the layout
occupy a single sheet, using colour for increased clarity. For large networks it might be
necessary to separately document the primary and secondary distribution networks.
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The high voltage geographic layout shall detail:

a) The location of Intake Stations, primary switching stations, power stations and
distribution substations;

b) The route of the incoming supply;
¢) The route of primary distribution;

d) The route of secondary distribution.
Sample geographic layout drawing is provided at Figure 4.3.
Substation Single Line Diagram is provided at Figure 4.4.
Switching Station Single Line Diagram is provided at Figure 4.5.
Low Voltage Distribution Pillar Schematic is provided at Figure 4.6.

Standard Symbols are provided at Figure 4.7.
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= Figure 4.1: High Voltage Master Plan Zone Plan
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OVERHEAD CONDUCTORS IDENTIFICATION

AAC/19/3.25/180S*

SITE CURRENT RATING (A)
*(S-SUMMER RATING, W-WINTER RATING)

CONDUCTOR AREA WIRE DIA. (mm)
CURRENT TRANSFORMER

INSULATION (P - PAPER) No. OF STRANDS
VOLTAGE TRANSFORMER (X - XLPE)
(WITHDRAWABLE) TYPE OF CONDUCTOR

CONDUCTOR (Cu - COPPER)
(AL - ALUMINIUM)

(Cu - COPPER)
(AAC - ALL ALUMINIUM)

(GZ - GALVANIZED STEEL)

(AC - ALUMINIUM CLAD STEEL)
(ALC - ALL ALUMINIUM ALLOY)

m Figure 4.7: Standard Symbols
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4.6 Requirement for System Documentation and Operational
Drawings

System Documentation and Operational drawings are those documents and drawings that aid in the

operation of the equipment and system. They are used by operators and are also displayed adjacent

to equipment as detailed below:

Operational drawings shall be provided as follows:
a) Within distribution substations:
—  Substation single line diagram (min. A4 size)
b) Within LV distribution pillars:
— Pillar single line diagram (min. A4 size)
¢) Within major substations and switching stations:
— HV switchboard single line diagram (min Al size)
—  Site HV system single line diagram (min A1 size)

— Site HV system geographic layout (min A1 size)
The operational drawings shall be securely fixed to the wall.

A4 size drawings can be laminated. All other drawings shall be mounted in heavy-duty metal

frames with a glass cover.

Sample drawings showing the expected general standard and layout of the drawings are included in

paragraph 4.5.3 —Standard Arrangement Drawings.

High Voltage System Configuration Manual
The High Voltage System Configuration Manual (HVSCM) is an aggregation of system

documentation and operating drawings which detail all aspects of the Base HV network as it
currently operates. The intent for this document is to centralise information that describes the
electrical network so that it is readily available for reference by Defence, the CMS or external
parties. It should act as a reference for any switching operations, field inspections or consultation.

The EOA is responsible for developing and maintaining an appropriate HVSCM. Where HVSCM
is inadequate or incomplete, the Designer is to produce a HVSCM, which shall incorporate the

most recent versions of:
a) HV Single Line Diagram (refer paragraph 4.5.3 —Standard Arrangement Drawings.);
b) HYV geographic layout (refer paragraph 4.5.3 —Standard Arrangement Drawings.);

¢) Substation / Switching Station schematics (refer paragraph 4.5.3 —Standard Arrangement
Drawings.);

d) LV DP schematics (refer paragraph 4.5.3 —Standard Arrangement Drawings.);
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e) HV protection study report, HV earthing study report and Load flow study report (refer
paragraph 4.7.1.1 —Content Requirements for High Voltage Installation Reports); and

f) Appropriate reference to the O&M manuals and shop drawings.

The Electrical Operating Authority is responsible for maintaining the HV System Configuration
Manual and shall hold this document on site. An electronic copy shall be provided to DEEP.

4.7 Requirements for Design Reports

The requirement for documentation varies depending upon which systems are being designed in the
project. In general if a system forms part of the project the following levels of detail in the
documentation shall be provided at each respective stage.

4.7.1 Design Report Requirements

The Designer shall submit design reports as required by the IM Design Management process and in

accordance with the respective project requirements. In summary design reports for electrical

systems will be required, as a minimum, at the following stages for DEEP review:

a) Concept Design Stage (Concept Design Report (CDR));

b) Schematic Design Stage (Schematic Design Report (SDR), and

¢) Depending on the suitability of the above submissions, as further required by DEEP, typically:
— Detailed Design Stage (Detailed Design Report (DDR));

— Final Design Stage (Final Design Report (FDR)).

DEEP will advise after reviewing each design report (e.g. CDR and SDR) the need for further
design report submissions for review.

It is expected that the design report will be continually developed during the design process in a
regular fashion until completion of the design where a Final Design Report (100% design) is
provided for inclusion in the Operation and Maintenance information. All design report revisions
submitted for review shall have changes clearly tracked within the document to assist review.

The design report shall identify all key design objectives and clearly identify the design intent
providing the logic behind design decisions, so that concurrence can be given to such decisions.

The commentary shall fully describe the design intent and parameters that will be provided by the
constructed facility. The Design Report shall include sketch plans or drawings of the installation
layout in accordance with the requirements below.

The content of electrical design reports shall include:

a) MIEE Compliance Report as detailed in Chapter 6 —Certification and Verification and
Appendix A;

b) Suitable discussion addressing the Design Considerations at Appendix A and the additional

requirements provided below;
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¢) Proposed scope of works and detail the system arrangement;

d) All major regulations and standards, Defence policies and guidance publications and detail
their extent and field of application;

e) Where the design deviates from any of the stated requirements, provide fully justified
submissions in accordance with the Alternates Methods and Design process at Chapter 6 —
Certification and Verification for Defence agreement and Technical Authority approval.

f) Detail the proposed point of supply for each facility including the supply
capacity/characteristics/condition assessment demonstrating adequate capacity is available at
the point of supply, the reticulation system and the NSP supply to the establishment;

g) Detail any proposed reticulation system modifications;
h) Facility maximum demand assessment and load characteristics;

1)  Switchboard locations, design fault level, voltage drop allocation, circuiting arrangements,
earthing arrangements and protection arrangement;

j) Basis for sizing of major equipment;
k) Include layout drawings and single line diagrams for the proposed arrangement;
1) Detail the system operation where appropriate; and

m) Certify that the design meets the requirements of the FDB, this manual, the IM and the

requirements of the regulations and standards identified above ;

Additional design report content for key subject areas.

Residual Current Devices Reporting Requirements
a) All socket outlets not RCD protected are detailed in the design report for agreement and shock
risk hazard assessment included with the report

Power Factor Correction Installations Reporting Requirements
a) Feasibility assessment and payback period;

b) Detail the PFC system, location and the basis for sizing/selecting of capacitor steps.

Artificial Lighting Installations Reporting Requirements
a) Proposed lighting system performance including operational considerations and levels of
illumination for each area;

b) Financial assessment and cost benefit studies to justify the chosen lighting system;

¢) Detailed description of the control system type and arrangement including justification of the
arrangement chosen and detail on the control interfaces (e.g. BMS and SMS);

d) Detailed description of the energy management and energy efficiency initiatives;
e) Any specialised maintenance requirements, and

f) Luminaire types and lamp types where appropriate.
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400Hz Design Reporting Requirements
a) Detail the frequency converter and reticulation system arrangement;

b) Detailed description of the control system;
¢) Detail the connection arrangement or socket outlet arrangement;
d) Facility maximum demand assessment and load characteristics;

e) Detail the supply characteristics/conditions, design fault level and assessment showing the
ability to maintain the required supply characteristics for all load conditions;

f) 400Hz Switchboard locations, voltage drop allocation, circuiting arrangements, earthing

arrangements and protection arrangement;
g) Basis for sizing of major equipment such as converters and transformers, and

h) Include layout drawing and single line diagram for the proposed arrangement.

Hazardous Areas and Explosives Areas Installations Reporting Requirements
a) Detail the Hazardous Areas and Explosives area standards being applied;

b) Detail the competencies of the designers;
¢) Detailed classification description including detail of the processes and hazards;

d) Hazard analysis report where required by Chapter 15 —Hazardous Area and Explosive Area
Electrical Installations;

e) Design limitations and management practices for the facility impacting on classification or
safety;

f) Any specialised maintenance requirements; and

g) Include layout drawings, single line diagrams and hazardous area zone plan for the proposed
arrangement.

UPS Reporting Requirements
a) Detail the proposed accommodation for the UPS;

b) Detail the UPS and critical reticulation system arrangement;

¢) Detail the system operation and control system where appropriate;
d) Detail the failure recovery strategy, availability and redundancy;
e) Detail the connection arrangement and impact of NSP rules;

f) Facility maximum demand assessment and load characteristics;

g) Detail the supply characteristics/conditions, design fault level and assessment showing the
ability to maintain the required supply characteristics for all load conditions;

h) Critical switchboard locations, voltage drop allocation, circuiting arrangements, earthing

arrangements and protection arrangement;
i)  Basis for sizing of major equipment such as UPS and critical power system

j)  Battery capacity and hold up period;
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k)
)

Justification for the chosen system; and

Include layout drawing and single line diagram for the proposed arrangement and control panel
layout drawings.

LEG Reporting Requirements

a)
b)
¢)
d)
e)

f)

g
h)

Detail the generator and essential reticulation system arrangement;
Detailed description of the control system,;

Detail the connection arrangement and impact of NSP rules;
Facility maximum demand assessment and load characteristics;

Detail the supply characteristics/conditions, design fault level and assessment showing the
ability to maintain the required supply characteristics for all load conditions;

Essential switchboard locations, voltage drop allocation, circuiting arrangements, earthing

arrangements and protection arrangement;
Basis for sizing of major equipment such as generator and essential power system, and

Include layout drawing and single line diagram for the proposed arrangement and control panel
layout drawings.

Mobile Generator Link Box Reporting Requirements

a)

Include layout drawing and single line diagram for the proposed arrangement and MGLB
switchboard/panel layout drawings.

CEPS Reporting Requirements

a)
b)

¢)

d)

2

CEPS demand assessment

Building layout;

Detail the generation system including:
— Generating sets

— Mechanical systems, including ventilation, fuels system, fuel storage capacity, cooling
system,

— Electrical systems including the earthing arrangements and protection arrangement
—  Control hardware and software

— Communications networks

—  Operating philosophy

— Load shedding philosophy

Passive defence

Detail the connection arrangement and impact of NSP rules;

Basis for sizing of major equipment such as generators; and

Include layout drawings and single line diagram for the proposed arrangement and control
panel layout drawings.
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4.7.1.1 Content Requirements for High Voltage Installation Reports

Design Reports up to and including CDR
The following supporting documents for each system shall accompany the report:

a) Site plans showing cabling layout and the location of the works;

b) Electrical Development Plan if necessary (refer to Chapter 3 — High Voltage System Master
Plans and Project Development Plans, Chapter 26 — High and Low Voltage Distribution
System Requirements and Appendix A);

c) Substation and major plant room layout drawings showing building and all major equipment

locations;

d) Single line diagram of the relevant portions of the establishment HV system putting the works
in the context of the network. These drawings should show the general configuration;

e) Single line diagrams of LV primary systems showing the general configuration of the system;

f) System Documentation and Operational Drawings described at paragraph 4.6 — Requirements

for System Documentation and Operational Drawings;
g) Control topology drawings where this has been developed sufficiently;

h) Basic layout drawings showing building and principal equipment locations. Dimensions are
not required unless these are critical items;

i) Preliminary load analysis; and;

j)  Preliminary protection system analysis.

Design Report Drawing Details
In addition to the requirements above and elsewhere in this Chapter (4) the following applies for

high voltage installations:

Substation and Major Plant Room Layout Drawings
Provide site plan, substation/plant room layout drawing. The substation layout drawings are

required for all indoor substations. They shall be 1:50 scale showing the substation arrangement
including the layout of the equipment and the arrangement of all pits and conduits.

The drawing shall be fully dimensioned and must show HV switchgear, transformer, LV
switchboards, protection panels, batteries and battery chargers, communications panels, SCADA
equipment, fire extinguishers, equipment storage and drawing holders. The plans must also detail

the ventilation arrangement and also the access and egress paths.

The layout drawing shall incorporate a plan view showing the location, sizes and depths of pits and
connecting conduits. This view should indicate the step heights, oil containment arrangement, pit
grading and sumps and approximate position of the earthing system. This plan view shall be

incorporated as separate views where there is too much information to provide on a single drawing.

Design Reports after CDR
The following supporting documents for each system shall accompany the report:
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a) Site plans showing cabling layout and the location of the works;

b) Substation and major plant room layout drawings showing building and all major equipment

locations;

¢) Single line diagram of the relevant portions of the establishment HV system putting the works
in the context of the network;

d) Single line diagrams of each major substation, HV switching station and distribution substation
showing the general configuration, and protection that is proposed;

e) Detailed single line diagrams of each HV switchboard panel type showing the detailed
configuration, protection and control proposed. These drawings should show details of CTs

and VTs, including ratios, classes and burdens;

f) Single line diagrams, cable schedules etc of LV primary systems showing the detailed
configuration of the system, cable sizes, protection ratings etc;

g) Revised System Documentation and Operational Drawings described at 4.6 — Requirements
for System Documentation and Operational Drawings;

h) Control topology / network drawings;

i)  Single line diagrams of all ancillary electrical supplies, such as DC systems;

j)  Details of any On Load Tap Changing arrangements;

k) Details of earthing systems, including layout drawings and schematic drawings;

1) Generating plant auxiliary system schematics, such as those for fuel and compressed air;

m) Results of load flow analysis for the system under normal operating and worst-case single
contingency failure conditions. This must include confirmation of suitable volt regulation/volt
drop analysis; and

n) Results of the protection coordination study and protection system analysis.

Additional Reports Design Reports after CDR

Generally, unless formally agreed by DEEP otherwise, the following reports shall be prepared. The
required timing for the first issue of the reports is concurrent with the issue of the SDR. The final
issue of the reports shall occur shortly after comment by DEEP and in no case later than the issue
of For Constructed documentation.

Earthing Report
An earthing report shall be prepared where the works:

a) Require the construction of new major substations or switching stations, or

b) Result in a significant change in HV fault levels.

This report shall be based on on-site measurements of soil resistance and shall detail:
a) The earth fault levels at each bus;

b) Earth potential rise in the vicinity of the substation under maximum prospective fault levels;
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c) The step and touch potentials within and in the vicinity of the substation, and

d) Measures adopted to minimise transfer potentials as part of the design.

Protection Report
A review of the HV protection settings is required and a protection report shall be prepared where

the works:
a) Require the construction of new major substations or switching stations;

b) Require changes to the distribution system that will result in a need to change the protection
settings, for example:

¢) Changes to Primary Configuration
d) Adding a generator, Interconnector, Ring main, etc; or

e) Resultin a significant change in HV fault levels.

The protection report shall include:

a) A study of the system fault levels to determine the maximum and minimum prospective fault
levels at each bus under various system configurations;

b) A statement of the protection philosophy that has been implemented;
c) A grading study for IDMT protection under all system configurations;
d) Setting information for IDMT protection elements;

e) Setting information for all unit protection schemes, and

f)  Setting information for all other protection elements.

Setting information shall be supported by calculations, that are included as part of the report.
Settings shall be provided in engineering terms only.

The results of the protection study shall be implemented in the design.

Load Flow Report
The purpose of a load flow report is to predict the areas of poor performance or potential overload

at various points in the electrical network under different operating conditions.

A load flow report shall be prepared where the works:

a) Increase, offset, or otherwise alter electrical load magnitudes and their distribution across the
Base; or

b) Require the construction of new major substations or switching stations;

The load flow report shall be based on a model of the electrical network developed in a known
electrical simulation software package suitable for conducting load flow studies. Simulations shall
be carried out for both normal operating conditions and single contingency situations and shall

include:
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a) Summary of load flows in the network, identifying sections that may be overloaded or operate

outside of specification;
b) Information on voltage drop at each bus; and

¢) Information on current flow at each node in the network.

The outcome of the load flow study shall guide the design.

4.8 Requirements for Design Documents

Tender and ‘For Construction’ Documents
Tender and ‘For Construction’ documents consist of specifications, data sheets, drawings, reports

and other documents are required to suit the project.

Specifications
Specifications shall address the following points, as applicable:

a) Define the scope of works;

b) General establishment and service conditions data, taking into account data from the Bureau of
Meteorology and any special site requirements;

¢) General construction standards, methods and materials;
d) Details of the works that have not been included on the drawings or elsewhere;

e) Control philosophies to be implemented.

Data Sheets
Data sheets shall address the following points, as applicable:

a) Description of the equipment;
b) Applicable standards;

¢) Equipment characteristics;

Drawings
As a minimum, drawings shall include the following, as applicable:

a) Site plans showing cabling layout and the location of the works;

b) HV single line diagram of the relevant portions of the establishment HV system putting the
works in the context of the network;

¢) Single line diagrams of each major substation, HV switching station and distribution substation
showing the general configuration, and protection that is proposed;

d) Detailed single line diagrams of each HV switchboard panel type showing the detailed
configuration, protection and control proposed. These drawings should show details of CTs
and VTs, including ratios, classes and burdens;

e) LV single line diagrams, cable schedules etc of LV primary systems showing the detailed
configuration of the system, cable sizes, protection ratings etc;
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f) Control topology / network drawings;

g) Loop drawings if considered necessary to describe the system;

h) Single line diagrams of all ancillary supplies, such as DC systems;

i)  Details of earthing systems, including layout drawings and schematic drawings;
j)  Protection Reports and protection coordination; and

k) Layout drawings showing building and all major equipment locations. Dimensions are not

required unless these are required for coordination purposes.

4.9 Requirements for Shop Drawings

The provision of shop drawings shall be included in the specification covering all aspects of the
works. The Designer shall review the shop drawings and any other technical submissions to ensure
that the proposed works comply with the design intent and that they are fully compliant with the
requirements contained herein and applicable standards.

As a minimum, drawings shall include the following, as applicable:

Cabling
a) Cable schedules, field wiring diagrams and interconnection cabling diagrams, including cable

sizes and constructions.

b) The final locations of cables, pits, cable joints, cable ladders etc;

Electrical Panels and Switchboards Generally
For all electrical switchboards and panels provide the following shop drawings:

a) General Assembly drawings showing the arrangement of the switchboard. This shall include
details of:

—  Materials;

— Construction;

—  The location of equipment both externally and internally;
— Busbar details;

— Painting;

— Labelling;

— Door details;

Include information to be given regarding the ASSEMBLY as detailed in AS/NZS 3439.1.

b) A single line diagram of the entire switchboard,

HV Switchboards
Provide the following additional shop drawings for HV switchboards:
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a) An AC drawing for each panel including a three line diagram showing:
— The primary system configuration of busbars, circuit breakers and earth switches.

—  All metering, control and protection devices, including model numbers and terminal

numbers.

—  The details and arrangement of the CTs and VTs, and the secondary cabling, including

wire numbers.
— Terminals and test link, including terminal numbers.
b) A DC drawing of each panel showing:
—  All metering, control and protection devices, including terminal numbers.
— The arrangement of DC cabling, including wire numbers.

—  Details of terminals, including terminal numbers.

MCCs, Control Panels, DC supplies, etc
Provide the following additional shop drawings of each MCC, Control Panel and any major

component containing control circuitry.
a) Schematic drawings showing:
—  Details of all equipment, including terminal numbers;
— Details of control and communications cabling, including wire numbers;
—  Details of terminals, including terminal numbers.
— Ammeter scales and current transformer ratios;
—  Circuit breaker and fuse current ratings;
— Ratings of capacitors, resistors and any other electrical devices;

— A short name description of each relay, timer or control device to describe its operation;

— A cross-reference system that indicates where each contact for a relay or timer is located.

The system may include sheet and line numbers;

PLC and Instrumentation Systems:
Provide the following additional shop drawings for systems containing PLCs or instrumentation

systems:
b) Control topology / network drawings;
¢) 1/O schedules and drawings;

d) Loop drawings for instrumentation.

Major Plant, such as Transformers
a) Functional description;

b) Integral protective devices (Buchultz, vector group);

¢) Cooling arrangement;
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d) OLTC arrangement;
e) Overall dimensions and mass (including the mass of the heaviest lift for maintenance;
f) Terminal point details;
g) Minimum clearances;
h) Where plant or plant items subject to pressure and temperatures higher than ambient;
—  Design pressures and temperatures;
—  Working pressures and temperatures;
—  Test pressures and temperatures;
1) Insets, where necessary, to ensure every item of the assembly is clearly shown;
j)  All points of support;
k) All points of attachment of the plant to piping, conduits or other items supplied by others;

1) Location of holding-down bolts or other points of support or anchorage.

4.10 Requirements for As-Installed Documentation and
Operations and Maintenance Manuals

4.10.1 As Installed Documentation and Drawings
The provision of as-installed documentation shall be included in the specification covering all

aspects of the works. At the completion of construction, both the ‘For Construction’ design
drawings and Shop Drawings shall be updated to reflect any changes that have occurred during the
construction phase. Notwithstanding the requirement for the contractor to provide accurate and
adequate documentation, the Designer shall verify that the updates and all as-installed
documentation accurately reflect the constructed equipment and installation.

4.10.2 Operation and Maintenance Manuals
Comprehensive Operations and Maintenance (O&M) Manuals shall be provided so as to enable

efficient operation and maintenance of the installation. Perform all necessary amendments to the

operation and maintenance manuals to ensure formal acceptance by the CMS.

Where existing O&M manuals exist that cover the installation these shall be incorporated into the
new manuals, unless the modifications are minor in nature and their amendment is agreed by
Defence. Depending upon the scope of works and the condition of the existing manuals this can be
done in either of two ways:

a) The new manuals shall incorporate the relevant sections of the existing manuals, or

b) The existing manuals shall be updated to reflect the new works.
In any case information on redundant equipment shall not be left in the manuals.

The manuals shall contain short and long form operating instructions and a comprehensive

maintenance schedule.
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The text of the Operating and Maintenance Manuals, together with all drawings, illustrations and

diagrams shall refer specifically to the Equipment being supplied, and shall be specially prepared

where necessary. General instructions referring to a range of typical equipment will not be
acceptable.

Binders
The Operating and Maintenance Manuals shall be assembled and bound in a four ring A4 binder of

the heavy duty, swing hinge, split prong type, of stiff binder board construction designed for rough
usage. The binder shall have the title of the project, equipment description and the Contractor's

name, imprinted on the spine and front cover.

Binders shall not exceed 75 mm in thickness. If required by the quantity of instruction manual
material, multiple volumes shall be supplied, each clearly marked with the volume number. Each
volume shall contain a full index for the entire manual and also a detailed index for its own content.
A sufficient number of volumes shall be provided so that the material contained in each volume
(including drawings, if any) does not use more than 80 percent of the binder capacity.

Content

The instructions shall be fully detailed covering all new equipment supplied. Unless the
modifications are minor in nature and the existing manuals are being amended, the manuals shall
also incorporate details of any existing equipment that has been retained and the existing manual

information can be used for this purpose if suitable. The manuals shall include the following:
a) Table of contents and index tabs;

b) Specifications, test data (including all works and site tests), performance and equipment
characteristic curves;

¢) Description of the equipment and components. This should include an overview with block
diagrams and detail descriptions;

d) Short form and long form operating procedures;

e) Comprehensive control system description including control methodology;

f) Complete and detailed step by step operating instructions, including setting up, start-up,
shutdown, emergency, and abnormal operation, as well as steady-state operation. A section
shall be devoted to isolation and restoration procedures to be followed when maintenance is

required on the various major items of plant;

g) A full description of all construction and operational testing recommended to ensure proper

preparation prior to operation of the equipment;

h) Comprehensive preventative maintenance schedules outlining each operation and the
recommended period at which each item of maintenance should be carried out;

1) Complete installation and maintenance instructions, including details on preventative,
breakdown and trouble-shooting diagnostics for known potential problems. These instructions
shall be accompanied by illustrated equipment diagrams (assembly drawings) for use by
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maintenance personnel for parts selection and assembly instruction. l.e. Services Manuals,
Workshop Manuals and Trouble Shooting Manuals. Instructions recommending the return of

the equipment to the supplier for repair are not acceptable;
j)  Recommendations to prevent deterioration during prolonged shutdown periods;

k) Assembly drawings showing relationship of equipment components (such as sectional views
and exploded views of the equipment);

1) Settings of adjustable parameters, including setpoints of protective devices, such as TOL
devices and protection relays;

m) Comprehensive equipment information, parts list (cross-referenced to assembly drawings). i.e.
Parts Manuals;

n) Where the Equipment manufacturer offers several options for a certain part i.e. the actual part
installed shall be stated in the instructions;

0) Nameplate information, Contact number and Manufacturer's contact address for each item of
equipment and component part thereof;

p) The names and addresses of equipment manufacturers and suppliers together with the type,
model reference, serial number, duty rating and the order number and date. The manufacturer's
data shall include all necessary supplementary descriptions and instructions to ensure clarity.

q) List of all special maintenance tools required and supplied by the Contractor;

r) Listing of any programmable logic or other program including the ability to reinstall
programming after a CPU/PC hard disk or PLC failure;

s) Software maintenance requirements;
t)  Settings files for protection relays;
u) All test and verification results, and

v) As-constructed drawings and information.

The information shall be arranged in such a manner as to permit insertion of amendments and
additional material. The instructions shall be cross-referenced for ease of use in maintenance and
such reference number shall cross-reference to all drawing numbers, item numbers, part numbers

and catalogue references necessary to ensuring identification and understanding of systems.

Before manuals officially enter circulation, the Designer is required to verify their contents and
their suitability for use by Defence staff.

Format
As-constructed drawings shall comply with the Spatial Management Plan (SDMP) available from

the web site at:

http://www.defence.gov.au/IM/business/spatial/main.htm
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Provide metadata files of each drawing, compiled as described in the SDMP. Details of metafiles

are also available from the IM website at:

http://www.defence.gov.au/IM/business/spatial/main.htm#FAQS

Metadata files are necessary for plans to be loaded and catalogued in the National Spatial
Information Management System (NSIMS).

Manuals shall include a Remote Data Module that describes any new or additional structures, plant
or equipment. This is loaded directly into the Defence Estate Management System (DEMS).
RDM’s are available from the Regional Information Manager through the Project Officer.

Provide an update of the existing ‘Master As-Constructed’ site plan of the base that incorporates
the existing services and the new work. This update is to show the geographic detail described in
the As-Constructed requirements including any redundant services left in situ, the location of

capped services and any services that were removed.

The Operation and Maintenance Mmanuals shall be provided in both electronic and paper formats.
The electronic format shall be suitable for inclusion on DEMS-FM; the paper format shall be
suitable for the environment in which the manuals are used with all pages in plastic sleeves or
similar.

The format of the manuals shall be generally as follows:
a) The page size shall be A4.
b) All pages shall have reinforced binding margins.

c) Preferred drawing size is A4. A3 drawing size may be used where clarity of drawing will be
lost with reductions. Existing larger drawings to be bound in clear plastic packets.
d) Pages are to be numbered by section rather than consecutively so that additional pages can be

readily inserted without affecting the existing page numbering.

e) New sections are to commence on new pages separated by tabulator dividers.

There should be provision for noting revisions on each page with amendment list in front of each
manual.

Number of Copies and Submission Timing

The Defence Project Director and Regional Manager Technical Services will advise the number of
copies required, or a minimum of four copies (whichever the greater) of the manuals in each
format, plus one additional copy in electronic format, shall be provided prior to handover of the

installation to Defence.
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6 Certification and Verification

6.1  Certification and Verification of Designs, Construction and
Maintenance

Certification and verification is defined as the authoritative act of documenting and demonstrating

compliance with the requirements of standards and regulations and Defence requirements. It is one

of the key elements within the technical regulatory system, and a fundamental principle of facilities

and infrastructure engineering and maintenance and the allocation of accountability and

responsibility for engineering and maintenance decisions and actions. It assures that facilities and

infrastructure conform to specified engineering standards.

Certification and verification is achieved through formal confirmation that the engineering
processes undertaken in the design, construction and/or maintenance of the system or equipment
are affirmed as having been correctly undertaken and adequately supervised by competent

personnel.

All facilities and infrastructure are to be certified as fit for service, safe and environmentally

compliant prior to their acceptance into service and ongoing use within Defence.

6.2 Conflicts between Regulations and Standards and Defence
Requirements
There are three prime principles for addressing any conflicting requirements as outlined below:

a) Where a statutory standard conflicts with this manual, the matter must be referred to DEEP for
resolution. DEEP will advise the need for a formal Alternate Methods and Design submission
as outlined below.

b) Where a statutory standard conflicts with a Defence standard, the matter must be referred to
the relevant Defence Technical Authority through DEEP for resolution.

c) Statutory requirements or standards that conflict must be referred to the appropriate regulatory

authority for resolution, with an information copy to DEEP.

Conflicting requirements shall be fully documented by the designer or contractor and shall contain
a proposed course of action suitably argued with compensating factors clearly identified. Formal
written Defence approval of any alternative method and design proposal must be obtained at the
earliest stage possible in accordance with the Alternative Methods and Designs approval process
provided at paragraph 6.5 — Alternative Methods and Designs. All regulatory advice and approvals
including Defence approval shall be included in the design report, project files and the operation
and maintenance documentation and manuals.

6.3 Certification
Certification provides formal confirmation that the engineering or maintenance processes
undertaken in the design and/or maintenance are affirmed as being correctly undertaken, and
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adequately supervised by competent and proficient personnel. The elements of certification are
determined, agreed and documented at the earliest stages of a project. Within facilities and
infrastructure, certification is provided to:

a) designs;
b) construction, after commissioning; and

c) after completion of a maintenance or modification activity.

6.3.1 Design and Construction Certification

Design certification is provided by the responsible designer to confirm that specified requirements
have been met by the design agency. The certification must establish the responsibility for the
quality of the design, and provide a warrant to the effect that the design meets the defined
requirements as reflected by the standards and regulations, specification and, as appropriate, the
contract or agreement. All facilities and infrastructure are to be certified as meeting the electrical
engineering requirements detailed in this manual, fit for service, safe and environmentally

compliant prior to their initial and ongoing use within Defence.

The method of certification may vary depending on the size and circumstances of the design effort.
Certification may involve a number of signatories and may be provided in stages to enable the
release of the facilities and infrastructure. Such interim certifications must show full compliance
with the regulations and standards and establish a baseline for the necessary maintenance and user

documentation upon which interim release can be based.

Final certification, or construction certification is provided after the test and evaluation activities
have provided the appropriate level of confidence that the constructed solution derived from the
approved design is verified against the specifications and traceable back to the endorsed user

requirements in the FDB. These include compliance with mandatory standards and regulations.

6.3.1.1 Consultant and Sub-Consultant Design Certificate
Defence contracts require the designer to provide Consultant Design Certificates or Sub-Consultant

Design Certificate, whichever appropriate, to certify that (refer to the contracts for the actual

definitions):

a) The design documentation complies with the requirements of the Contract and all statutory

requirements; and

b) The works comply with the design documentation.

Statutory requirements are defined as:

a) any law applicable to the carrying out of the services, including Acts, ordinances, regulation,
by-laws and other subordinate legislation;

b) Approvals (including any conditions or requirements under them);

¢) Defence Requirements; and
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d) Environmental Requirements

Defence Requirements include all policies, plans, manuals, guidelines, instructions (including
departmental procurement policy instructions) and other Commonwealth or Department of Defence
requirements which are, or may become, available to the Site, the Works or the Services.

6.3.2 Maintenance or Modification Certification
Standards and Regulations require certification of the appropriate completion of maintenance and

modification activity. Maintenance and modification are to be conducted in accordance with
procedures and schedules promulgated in authorised technical instructions and the Standards and
Regulations. At the completion of maintenance or modification actions, the tradesperson
responsible for the task is to certify task completion. Records of certification are subsequently
retained in the maintenance management system.

Maintenance certification may be subject to regular and ongoing technical inspection in accordance
with advised programs, criteria and intervals as required by this manual or the standards and
regulation to maintain technical integrity.

6.3.2.1 Comprehensive Maintenance Services (CMS) Certification

The maintenance agent is required to provide routine (normally monthly) compliance certificates
certifying that all statutory requirements have been undertaken. The CMS contractor must also
provide or attain design certificates in accordance with paragraph 6.3.1.1 Consultant and Sub-
Consultant Design Certificate above when undertaking new construction or refurbishment works.

6.3.3 Certification of Electrical Installations
Without limitation, and as required by the respective electrical regulations, all electrical work shall

be certified by the licensed electrical contractor. This is achieved through the issue of Electrical
Safety Certificates or similar (depending on the State/Territory) as required by the respective
Regulatory Authority.

Where required by the regulations and standards, this shall also include all relevant equipment
certifications.

In addition, the electrical contractor shall certify that the installation has been completed in

accordance with the requirements of project electrical design drawings and specifications.

6.3.3.1 High Voltage Systems
Accredited Auditors Certification for the purposes of this policy is meant to include all certification

or inspections required by regulations, such as the requirement for High Voltage work in
Queensland to be inspected by an accredited auditor registered under the Register of Professional
Engineers Queensland (RPEQ).

Defence MIEE
6-3



Accredited Auditors Certification and verification must be completed before connection to
electricity supply and energising the installation. All certification, compliance and verification
documents must be provided in the Operations and Maintenance manuals and the High Voltage
Compliance Statement provided to DEEP.

6.3.3.2 Hazardous Area and Explosives Area
The designer is to certify all electrical installations in hazardous areas and explosives areas in

accordance with the applicable regulations and standards the Defence Explosive Ordnance

licensing agencies requirements.

Certification involves all statutory obligations as required by the regulations such as the
Notification of Electrical Works/Certificate of Electrical Safety or equivalent and accredited
certifier's certificates where required. Accredited certifiers certification for the purposes of this
publication is meant to include all certification or inspections required by regulations such as the
requirement for hazardous area prescribed work to be inspected by suitable inspector for example
in Victoria and by an accredited auditor for example in Queensland.

Certification must be completed before connection to electricity supply and energising the

installation. All certification documents must be provided in the verification dossier.

6.3.3.2.1 Equipment Certification
All electrical equipment installed in hazardous areas and explosives area must have suitable

AS/NZExX/IECEx classification. All certification should be carried out by the equipment
manufacturers and all items must be properly labelled. Ensure overhaul and repair of electrical
equipment used in hazardous and explosives areas is in accordance with AS/NZS 3800. Any non-
complying equipment in an area being altered or refurbished should be replaced.

6.4  Verification

Verification is the process of adequately documenting and demonstrating compliance. Verification
is in addition to the certification described above and comprises various elements such as
compliance reports, verification reports and design reports in accordance with the IM Design

Management process. These are further described below.

6.4.1 Manual of Infrastructure Engineering Electrical Compliance Report
Manual of Infrastructure Engineering (MIEE) compliance report is provided to supplement design

report submissions. Its purpose is to clearly demonstrate compliance to this manual and to the
Regulations and Standards or any departure from these. The MIEE Compliance Report template is
provided at Appendix A.

The MIEE Compliance Report is to be provided with every Design Report submission, including
the final design report.
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6.4.2 Compliance Statements
At the completion of works involving:

a) high voltage and power generation installations; and/or
b) hazardous area and explosive area installations.

The designer must provide a Compliance Statement in accordance with the requirements outlined
hereafter.

The Compliance Statement is to be in the form of a minute as outlined at Annex A identifying the
particulars of the installation and confirming that the installation has been thoroughly inspected,
tested and verified. The minute must be suitably endorsed by the designer and must identify any
exceptions and the course of corrective action.

The Designer shall verify in the Compliance Statement that the design and construction meets all
statutory requirements, the requirements of the FDB and this manual. The Designer shall also
confirm that the system has been fully commissioned and is functioning correctly, that all required
training is complete and that the required manuals and documentation have been provided and
verified for suitability.

The Compliance Statement must be completed for all new works or any alteration or addition to an
existing installation.

6.4.2.1 HV Compliance Statement
The designer is to provide written confirmation in the form of a Compliance Statement for all high

voltage electrical installations. The report is to certify that the installation has met the requirements
of the applicable regulations and standards and this manual. Requirements for the HV Compliance
Statement are provided at Appendix A.

6.4.2.2 Hazardous Area and Explosives Area Compliance Statement

In addition to any statutory requirements, provide a Defence Hazardous Area/Explosives Area
Electrical Compliance Statement, prepared by the designer (or electrical contractor where minor
and no designer is involved), covering the electrical installation works. The requirements for
Hazardous Area and Explosives Area Compliance Statement are outlined at Appendix A.

6.4.2.2.1 Hazardous Area and Explosives Area Verification Dossier
A Verification Dossier fully describing the installation and the nature and extent of the hazardous

areas must be provided and must make note of any special requirements or limitations in use of the
facility. The verification dossier shall be in accordance with AS 2381.1 and shall be provided in
suitable digital format for inclusion in the operating and maintenance manuals for the facility and
also DEMS-FM. Verification dossier must also be maintained on site with the person in charge of
the facility.
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Where an existing hazardous area electrical installation is modified the designer shall ensure that
the facility meets the above requirements and where necessary develops an up to date verification
dossier in accordance with AS 2381.1.

6.4.3 General Electrical Works Verification
Testing and verification shall include all mandatory and optional tests as identified by

AS/NZS 3000 and other relevant standards such as AS/NZS 2381.1. AS/NZS 3017 provides a
description of the methods of carrying out inspections and testing for general electrical

installations.

The designer must ensure that a copy of all required equipment certificates and safety certificates
(e.g. "Electrical Safety Certificate, Notification of Electrical Works" or similar) are provided and
that these are included in the documentation handed over to the Region for inclusion on DEMS-
FM. To facilitate inclusion on DEMS-FM all documentation should be in a suitable electronic

format.

Any tests and/or verifications stipulated in the applicable Australian Standards as optional shall be

deemed to be mandatory.

6.5 Alternative Methods and Designs

This manual details the minimum requirements for electrical installations and infrastructure. There
are a number of reasons why a project may find it difficult to implement all requirements and under
certain circumstances it may be unnecessary or impractical to comply with the full requirements of
this manual. Any alternative methods and designs that do not comply with the specific policy
requirements of this manual, but give equivalent results to those specified, are not necessarily
prohibited. Requests for Technical Authority approval of alternate methods and design must be
supported by appropriate tests, solutions or other supporting evidence to ensure that the proposal
still affords an equivalent level of safety, functionality and reliability.

The Defence alternative methods and designs approval process does not replace or supersede any
statutory requirements that must also be satisfied. This process is primarily intended to address the
additional Defence engineering and functional requirements specified herein.

6.5.1 AS/NZS 3000 Wiring Rules Alternate Methods and Designs
AS/NZS 3000 specifies at clause 1.9 the means for demonstrating compliance. Where electrical

installations, due to their unusual requirements, cannot meet the relevant requirements of Part 2 of
AS/NZS 3000, compliance by specific design is permitted for Defence electrical installations. The
Assistant Secretary Estate Policy and Environment (ASEPE) is the only authorised Defence
authority to endorse formal letters of acknowledgement as required by the standard, for fixed
electrical installations. Such letters of acknowledgement are to be supported by a suitable
Alternative Methods and Designs Proposals as detailed below.
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6.5.2 Approval of Alternative Methods and Designs Proposals
Areas of a project that would not comply with the requirements of this manual or would seek to

utilise alternatives would normally be identified at the Functional Design Brief (FDB) or initial
design stages of a project.

Formal written Defence approval of the alternative must be obtained as early as possible in the
design stage. The formal process would normally commence with a Defence Project Officer or a
design consultant employed by that officer, identifying an aspect of a proposed project, that, for
reasons identified earlier, form the basis of the alternative proposed to those prescriptive
requirements of this manual.

The Project Director should then forward a formal request for alternative methods and designs to
ASEPE for approval, through the Director of Estate Engineering Policy (DEEP). ASEPE has the
responsibility as Technical Authority and for managing the provision of Electrical Engineering
Policy for Defence. ASEPE would seek a technical assessment and recommendation from DEEP
and either approve or reject the alternative proposal.

The request for alternative methods and designs should take the form of a minute, with provision
for the various levels of review, recommendation and approval. The minute should be staffed
through DEEP to ASEPE and it shall clearly identify:

a) the alternative proposed (with specific reference to the appropriate section of the compliance
document);

b) the reason for the alternative proposal;

¢) technical assessment of the request including suitable argument of the compensating factors
and the deem to satisfy provisions; and

d) cost implications, where relevant, by comparison of the initial and through life costs.

Copies of the design report and any technical opinions or reports sought should be enclosed with
the minute. The design consultant should provide sufficient detail to allow the Project Officer to
complete the request and should include a certification statement to accompany the request.

Copies of finalised requests (approved or disapproved) shall be forwarded to the design consultant
and Project Officer/Project Director. The original request should be held on the Defence project
file.

A sample request for dispensation is provided at Appendix B.
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7 Design Requirements

7.1  Design Process

The most suitable solution for any single project will depend on the particular requirements and use
of the facility. It is not intended that designers would follow any of the example or previous
installations absolutely, but rather that they would use their judgement, experience, knowledge and
local conditions as a guide during design to suit the particular installation requirements.

The design shall be undertaken in accordance with the IM Design Management process and must
provide a compliant system that includes meeting the design requirements as detailed in this
manual, those additional requirements specified in the FDB and any other requirement of
applicable regulations and standards. The design process is depicted at Figure 7.1 below. The
design shall also consider:

a) the economics of the design;
b) the availability of proven technology;
¢) the integration and compatibility with existing equipment, and

d) equipment and installation compliance.

Designs shall be performance based and shall be engineered to include equipment and materials
complying with the appropriate standards. Unless under special circumstances, equipment and
materials shall not be specified by make and model number but shall be selected on the basis of
their performance, suitability, maintainability and cost effectiveness. Any proposal to specify
equipment by make and model shall be formally documented for approval by relevant Defence
Project Director.

Prior to undertaking the design, the designer shall prepare a detailed design plan. During the
design, it shall be regularly updated to reflect any changes. The design plan shall conform to the
requirements of the designers’ Quality Manual but shall also incorporate Defence requirements.
Refer to Appendix A for the minimum required content of the design plan.
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7.2 Requirements of the Designer

The Design Consultant (called designer hereafter) is responsible for complying with the
requirements of this manual, the additional requirements outlined in the FDB and the requirements
of the regulations and standards. This responsibility encompasses designing the installation and

specifying equipment to meet the required standards and also verifying that the installation, when
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completed, complies with the design (refer to Chapter 8 — Construction Requirements and Project

Controls in this manual) for commissioning requirements.

The designer must ensure that the design adequately addresses the user requirements and that the
identified procedures and activities can be undertaken safely and reliably in the facility. The design
of the electrical installation shall achieve the following design objectives:

a) safety and reliability

b) properly designed and appropriately sized to allow the full and proper functioning of all
equipment, plant and fittings

c) facilitates the operational requirements of the specific equipment, materials, processes and
functions in the building or facility

d) sized with adequate capacity for expansion

e) arranged and routed in an organised and systematic manner and be accessible for operations

and maintenance

f) provided with necessary flexibility and versatility to allow isolation, shutdown and removal of

equipment and systems as required for maintenance and extension
g) compatibility with existing services and systems on the establishment and in the facility

h) labelled and colour coded for ease of identification and operation, to suit semi-skilled
operation

i) compatibility with the electricity distribution system both Defence on-Base and Network
Service Provider (NSP) distribution

j)  meet the design and functional requirements of the Defence functional design brief and also in
be in accordance with DSG local and central requirements

k) designed and installed to all relevant legislation, standards, codes and guidance that are
appropriate and relevant to the type of electrical installation or equipment

The designer shall also follow the principles and guidance provided in HB 300 Electrical
Installations Guide to Using the Wiring Rules and HB 301 Electrical Installations Designing to the
Wiring Rules. The electrical installation shall be documented in the format of these handbooks, or
similar suitable format, for future reference or design changes if required.

In addition to the requirement for design documentation such as specifications and drawings, the
designer must provide design reports as outlined in the IM Design Management process and any
other technical investigations or reports as detailed in the FDB. Further guidance on design reports
requirements specific to this manual are provided in paragraph 7.4 — Design Reporting

Requirements below.

7.2.1 Hazardous Area and Explosives Area Installations.
The designer shall follow the principles and guidance provided in HB 13 Electrical Equipment for
Hazardous Areas. The designer must also assist with the correct classification of the hazardous and
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explosives areas and be responsible for ensuring the installation is certified and verified in

accordance with the requirements of this manual.

7.2.2 Feasibility Assessment, Financial Assessment & Technical Investigations
When required by the FDB or by this manual, designers shall be responsible for undertaking cost
benefit studies to determine viability, detailed technical investigations of identified problems and
for making recommendations on solutions to new requirements or particular activities or processes.

The resulting reports shall be included in the Design Report or as a separate report.

7.3  Functional Design Brief (FDB)

The FDB must be developed in accordance with the IM Design Management process. In summary,
the FDB template from the IM is the starting point and is combined with the user requirements,
scoping studies, specific project requirements and the relevant elements from the Electrical
Standard Engineering Inclusions to form the project FDB. Refer to Figure 7.1 above which depicts

the design process.

The following additional requirements shall be included in the FDB:

a) Electrical Standard Engineering Inclusions at Appendix C, tailored to suit the specific project

requirements;

b) General site and service conditions data, taking into account data from the Bureau of
Meteorology and any special site requirements;

¢) Findings and subsequent requirements due to a Threat Assessment Analysis and Post-Disaster

Functionality requirements;
d) The requirements for passive defence measures or investigations;
e) The various options available (or not available) for configuration and/or equipment;
f) Facility functional requirements;
g) Details of any investigations to be carried out as part of the design process;
h) Any specific requirements for the installation including any regional requirements;
1)  Any additional processes which must be followed as part of the design; and

j)  Reference to any relevant studies, Master Planning documentation, or other reference

documentation.

7.3.1 Standard Engineering Inclusions
The Electrical Standard Engineering Inclusions are provided at Appendix C. The Standard

Engineering Inclusions are to be tailored to the specific project and included in the project FDB.
Any modifications to the requirements to the Electrical Standard Engineering Inclusions required
DEEP agreement as part of the FDB review process.
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7.3.2 Justification of Emergency Power Installations
Emergency power installations (i.e. CEPS, LEG and UPS) shall only proceed if their respective

sponsors have successfully argued for their justification. The sponsor shall also detail the loads or
portions of the building to be supported by LEG/UPS, as well as the equipment requirements
and/or other special requirements that shall be incorporated or referenced in the functional design
brief for the project. Guidance on the justification process and the associated risk assessment is
included in the respective policy Chapter; refer to Chapters 20 — Uninterruptible Power Systems
(UPS) and 21 — Local Emergency Generator (LEG) Requirements.

7.4  Design Reporting Requirements

The design report requirements are provided in the IM Design Management process and Chapter 4
— Documentation Standards of this manual. The Design Report shall include commentary on the
design considerations and include a MIEE Compliance Report as detailed in Chapter 6 —
Certification and Verification and Appendix A. An overview of the design report process is
depicted at Figure 7.2 below.
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The designer shall, in the design report, identify all standards and legislation, including Defence
policy, standards and guidance, adopted together with clear indication of the extent and field of
application. The designer shall certify in the design report that the design meets these requirements
and the requirements of the brief. Where the design deviates from any of the above requirements,
the designer shall provide fully justified submissions in the design report for Defence agreement in

accordance with the alternate methods and designs at Chapter 6 — Certification and Verification.
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7.4.1 Design Considerations and Compliance Checklists
Provided at Annex A are Defence design considerations which are a checklist of items that require

consideration during the design phase. The designer shall ensure that, in addition to demonstrating
in the design report that the design has met all applicable requirements, that all elements of the
checklists have been adequately addressed and documented in the design report.

7.4.2 Electrical Reticulation Works
It is important that the designer assess the implications of new works or additional load on the

electrical infrastructure network and document the finding of the assessment in the design report

for agreement.

The power supply assessment must include the NSP feeders to the establishment and the on-base
electrical infrastructure. This also includes any impact on Defence electricity retail contracts or the
NSP connection agreements.

It is important that this be done as early as possible so that DEEP can determine the need for a
project High Voltage Development Plan in accordance with Chapter 3—and provide agreement to
the proposed electrical reticulation system augmentations and avoid project delays. The design

process for high voltage systems is outlined in Figure 7.3 below.
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8 Construction Requirements and Project
Controls

8.1 Construction

The designer shall acquaint himself with the Base or establishment reticulation system procedures
for access and operating requirements and make all necessary allowances in the design. In
particular the designer must ensure that appropriate requirements are included for the following:

a) access permits, vicinity permits, dig permits, etc

b) requirement for the contractor to have all necessary skills and training such as recipient
training

¢) requirement for standard keying arrangements

d) access to the high voltage systems including method of works and constraints in opening the
high voltage system or any configurational changes effecting continuity of supply either

directly or by subsequent fault

e) required commissioning and acceptance procedures for new installations including the
completion of all required tests and proving the system is safe to the requirements of the

operating authority before connection

f) requirement in certain States/Territories for certified inspections prior to connection

8.2 Procurement

8.2.1 High Voltage Equipment
High voltage switchgear is standardised at each Defence establishment. This high voltage

switchgear standardisation must be maintained unless the designer has gained written approval to
introduce a new standard for the Base from DEEP. Where a new standard is to be introduced it will
be by suitable performance specification in accordance with paragraph 4.4.1 — Specification of
Equipment and paragraph 4.8 — Requirements for Design Documents. Otherwise the switchgear
must be specified by make and model to match the existing switchgear at the establishment, noting
that the designer must consider the suitability of maintaining the existing switchgear standards as
part of the design considerations.

8.2.2 Tender Assessment
The designer must undertake detailed technical assessment of electrical tender submissions to

confirm suitability and compliance and provide a detailed Technical Assessment Report where
required by this manual and the FDB or as otherwise required by DEEP. The technical assessment
report is a detail report which confirms compliance or otherwise to the specified requirements and

provides through life assessment of the offered systems.
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8.3 Inspections, Testing and Commissioning

The designer must ensure that all tests and commissioning activities necessary to prove the safety
and correct operation of the system are included in the specification. The designer must also
participate in the testing and commissioning activities to ensure and confirm the design intent has
been met and complete suitable certification, compliance reports and compliance statements for
Defence at the end of the commissioning phase. Guidance on the certification verification
requirements is given in Chapter 6 — Certification and Verification.

Testing will require full functional testing to prove performance. The designer must ensure all
possible safeguards are put in place to protect systems and equipment as part of any such tests. Full

functional tests are required for the following systems as a minimum:

a) Power Factor Correction Systems. Harmonic analysis shall be undertaken as part of
commissioning. The harmonic analysis must be undertaken in all operating modes and

configurations including with other equipment such as UPS and LEG.

b) Aircraft power supply systems and the connection to the aircraft. Precautions shall be put in
place to prevent damage to the aircraft.

¢) Hazardous Area and Explosive Area Installations: Visual inspections should be carried out to
check labelling, stopping plugs, guards, glands, seals, earthing, etc. and to check for equipment
damage and illegal penetrations. A commissioning plan must be prepared by the electrical
contractor and each item checked by the designer. HB13 provides guidance relevant to this
process.

d) Emergency power systems. Initial testing and commissioning shall ensure that the
functionality of the LEG and that of the other emergency systems elements (e.g. UPS, air-
conditioning and building services) are fully tested in all prospective operating and failure
modes as a complete emergency system. Where appropriate, load banks and heat loads for the
air-conditioning shall be used to replicate the actual connected load, to ensure the relevance of
the test carried out and to prove that the LEG is able to supply the expected design load.

e) Power Generation Systems. Full functional tests in all operating modes. Outages required
during testing will need to be coordinated with the Base Services Manager.

Typically, the designer will also be responsible for periodic inspections of work in progress during
the construction phase. In any case, the designer will be responsible for the integrity of the design
and provide additional information and advice as required to assist the contractor in meeting the

specification details.

8.3.1 Testing
Testing shall be conducted in accordance with the relevant Australian, IEC, Defence or other
appropriate standard and to the requirements of DSG.

Perform all necessary testing:

a) At the factory for major items of plant and equipment;

Defence MIEE

8-2



b) Factory Acceptance Testing of the Control System. For CEPS this shall include full functional

simulation not just PLC forcing;
c) Site Acceptance Testing of the emergency power system and CEPS; and

d) At completion of individual systems or groups of systems.

At the minimum, the following testing shall be conducted:
a) All tests required by AS/NZS 3000 and other required standards;
b) Suitable performance measurements of all optical fibre communications cables;

¢) Earth resistance tests for HV & LV Requirements at each earth stake and of the entire

interconnected system.
d) Insulation and continuity testing for HV & LV Requirements.
e) High voltage power frequency withstand for HV & LV Requirements.
f) Correction operation of protection relays and other protective devices.
g) Instrument configuration and calibration.
h) Full functional tests.
1)  Full harmonic analysis for power factor correction installations including:

= Measure & record the harmonic content of the three (3) phases and neutral with the all
mains supplies. Measure at all critical locations including at the PFC with the PFC both
online and off line to confirm suitable performance. This will become a point of
comparison for the future harmonic analysis of the system.

s Measure & record the harmonic content with the PFC equipment on and off line in all

operating modes with the standby Generator and UPS (where applicable).
= Measure & record the harmonic content of the PFC cabling and stepping through each

capacitive stage.

Copies of the test records shall be incorporated in the Operations and Maintenance Manual.

8.3.2 Commissioning

Perform commissioning to place the completed installation into service. The designer will need to
ensure that an appropriate commissioning plan is provided, either by the designer or the Contractor,
to ensure that the system is adequately proven with minimum disruption to the Base or
establishment operations.

Commissioning shall verify the correct operation of the entire installation against the project
requirements. Commissioning shall be undertaken in accordance with the IM Commissioning and
Handover process. The IM Commissioning and Handover policy defines the processes to be
undertaken for commissioning and the level of consultation and communication that must occur.
The Designer will not deviate from this process unless prior Defence approval has been provided.
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Where required by the other Defence Technical Authorities, there shall be adequate tests to confirm
compliance with their nominated standards. Consult with the Technical Authority to arrange as the
appropriate commissioning.

8.3.2.1 Checklist for Commissioning & Verification
Review the following checklist prior to sign-off of works as complete:

a) Correct functioning equipment and systems, fully proven in all operating modes

b) Suitable indication and control

¢) Correct performance of both individual systems and total installation, full functional tests
d) Compliance with this manual, regulation & standards and NSP requirements

e) All tests have been undertaken to prove safety

f) Signage and labelling complete

g) All required training complete

h) Operation & Maintenance Manuals and as constructed information verified as complete

i) MIEE Compliance Statement has been provided where required by the MIEE

8.4 Handover

8.4.1 High Voltage Systems
In addition to the IM handover requirements, the following applies.

Before the Network Controller can accept any new equipment for connection to the high voltage
system the following minimum requirements shall be achieved:

a) All required tests have been undertaken and are provided to the Network Controller such as,
but not limited to earth mat resistance tests, high voltage withstand tests, secondary injection

tests and polarity tests;
b) All necessary compliance certificates are provided,

¢) All switchgear and equipment is correctly labelled and that the new labels for the existing
reticulation are ready for change or changed as required by the Network Controller;

d) All required safety equipment is provided, including all signs and barriers;

e) Operator training has been conducted to the level that the operators are qualified to operate the

installation;
f) All appropriate operating and maintenance information is provided;

g) Revised documentation, acceptable to the Network controller reflecting the new system
arrangement; and

h) Certification has been received that the new installation meets the requirements of all

appropriate legislation and standards and the requirements of the FDB.
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The Network Controller has the right to refuse any connection where in his opinion it could
compromise safety or the above requirements have not been met. Failure to achieve the above may
result in the Network Controller abandoning the commissioning process and not connecting the
new equipment.

The designer must ensure that the specification includes the above requirements and any additional
Network Controller requirements. Any limitation on the contractor’s part is not the responsibility of
the Network Controller. It is imperative that contractors with suitable experience in high voltage
installation works be selected and the designer should ensure that the specifications adequately

address this matter

8.5 Spare Parts
The Designer shall assess the need for key or essential spares to meet the requirements of the

installation based upon:
a) The consequences of failure of the particular item of equipment; and

b) The location of the site with respect to availability of spares and service.

Provide all necessary spare parts as determined above.

8.6  High Voltage System Outages

The staging of the works shall ensure that where the high voltage system is opened, that the
duration of the outage is as short as practical. Under no circumstances shall the reticulation system
be left with an open ring, or unmovable open point, for greater than three days and all such works
require prior approval from the Base Commander and Regional Manager.

The Network Controller has the right to refuse any connection where in his opinion it could
compromise safety. The designer must ensure that the specification includes appropriate
requirements and any additional Network Controller requirements.

8.7 Installation, Operating and Maintenance Manuals

Provide comprehensive Operations and Maintenance Manuals so as to enable efficient operation
and maintenance of the installation in accordance with Chapter 4— Documentation Standards. The
manuals shall be provided in both electronic and paper formats. The electronic format shall be
suitable for inclusion on DEMS-FM; the paper format shall be suitable for the work environment

with all pages in plastic sleeves or similar.

8.8  Software
All programmable controllers shall be supplied with licensed programming software and soft
copies of the final installed site specific code.
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8.9 Training

Immediately following the completion or as part of commissioning of the installation, the users and
maintainers are to be fully trained in the nature, extent and use of the systems. Training is to
include any special precautions and operational procedures in the location and operation of user

equipment.

Training should also be provided in the ongoing maintenance of the systems. CMS and, where
appropriate, the user’s nominated maintenance personnel are to be trained.

8.10 Post Occupancy Adjustment

Prior to completion of the project, nearing the end of defects liability, the Designer may be required
to review the performance of the electrical system and controls and arrange for all necessary
adjustments. The FDB will identify when this is required.

The designer when undertaking this task must liaise with the users and the local regional staff to
determine the need to optimise the installation performance. Guidance on how to implement the

changes will be given by the respective Project Director on a project by project basis.
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10General Technical Requirements

10.1 Introduction

Electrical installations in Defence establishments and in Defence leased premises shall conform to
the requirements of all applicable legislation, codes of practice and guidance documents relevant to
the State or Territory where the installation or facility is located.

Electrical installations must also comply with the requirements of AS/NZS 3000 and applicable
Industry Regulator requirements and the Local Network Service Provider (NSP) requirements such

as the Service and Installation Rules or equivalent.

Furthermore, electrical installations and equipment shall comply with all appropriate and relevant
Australian standards, for the type of installation or equipment to be used, irrespective of their
status. Where Australian standards are not available, recognised international or overseas national
standards shall be used where they are relevant to the type of installation or equipment and to the

installation conditions in Australia.

Designs shall be selected, after comparing all design options available, using the most cost
effective design solution that will meet the requirements of this manual, the user requirements,
those specific requirements to the establishment or facility and the Regulations and Standards.
Designs shall be performance based and shall be engineered to include equipment and materials
complying with the appropriate standards considering current and future use, particularly if and

when any major refurbishment or change in use is contemplated.

The works shall use the cost effective solution that will meet the requirements of this manual, the
FDB and those specific to the establishment or facility identified by the DSG regional office.

10.2 Design Life

All equipment shall be designed and installed to operate continuously at full load for 24 hours per
day, 7 days per week at the extremes of temperature, humidity and environmental conditions (e.g.
corrosive atmospheres) applicable for the installation location with an realistic economic life of:

a) 50 years for electrical equipment/systems and building elements;
b) 15 years for converters and other electronic equipment/systems;

c) 5to 10 years for batteries depending on their type and application.
without the need for excessive maintenance regimes.

Maintenance of the electrical systems shall be in accordance with the relevant standards such as
AS 2467 and the manufacturers recommendations.
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10.2.1 Corrosion Protection
All equipment and fixings shall be selected and installed so that it is suitable for the corrosive

effect of the environment in which it is installed. The equipment shall give an economic service life

of at least 50 years without excessive maintenance

10.3 Equipment Selection

10.3.1 Standardisation
Electrical equipment shall, as far as practicable, be standardised on a site-by-site basis to:

a) Maximise interchangeability;
b) Minimise necessary spare holdings; and

¢) Maintain any existing standards wherever appropriate.

Standardised electrical reticulation systems are to be adopted to allow the application of consistent
design and operating practices across each Defence establishment and, where appropriate, across a
Defence Region. Consideration of the locally available equipment and support from outside

organisations such as the local NSP is important when establishing standardised arrangements and

equipment.

The DSG region will provide the current standard equipment requirements for each establishment.
This will entail a particular switchgear type, mainly high voltage and transformer characteristics.
The designer when arranging for a new, or augmenting an existing substation, is to ensure this
equipment is current and adequately supported. Where current standard equipment becomes
discontinued, obsolescent or is no longer considered cost effective, new standard equipment is to be
arranged for the establishment. DEEP agreement is required before changing or when establishing
appropriate substation requirements.

New standard equipment is to be provided for the establishment/Region through an appropriate
performance specification with the selected equipment becoming the standard equipment for that
establishment/Region from that point onwards. Performance specifications are to be referred to
DEEP for comment prior to issue for tender and the selected equipment is to be reviewed by DEEP
prior to placing an order. Design reports, Tender Evaluation Board reports and technical evaluation
reports are to be used for this purpose.

10.3.2 Supportability
All equipment shall be selected from product ranges that are current and likely to be supported well

into the future. Product ranges that are dated or likely to be at the end of the product cycle shall be

avoided.

All equipment shall be readily and adequately supported in Australia and preferably in the local
region. Adequate spares for important equipment shall be available in Australia and all equipment
shall be fully supported by the equipment manufacturers and suppliers.
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Generating sets shall only be sourced from manufacturers with prominent factory support within
Australia and preferably within the region where the sets are installed. The set shall be of a model
with a large installed user base in the local region.

For major equipment, a Statement of Supportability shall be obtained from the Supplier addressing
their commitment to support the equipment though the prospective life of the equipment and
equipment guarantees/warranties. This Statement of Supportability is to be assessed as part of the

tender assessment and is to be included in the operation and maintenance manuals.

10.3.3 Maintainability
Electrical installations and plant room layouts shall allow for appropriate and easy access for the
purpose of operations, maintenance, repair, and replacement of major components.

Consider the maintenance requirements when determining the most appropriate equipment
performance specifications and electrical system arrangement. This shall be based on the required
performance, maintenance, reliability and the availability of comprehensive manufacturer’s product

support locally.

The designer shall assess the need for key or essential spares to meet the required availability and
shall also include the requirement for the supplier to nominate essential recommended spares.
These key spares shall be provided as part of the installation contract and shall be provided to the
Comprehensive Maintenance Services (CMS) but remain the property of Defence.

10.4 Safety

The Designer shall acquaint himself with the Site procedures for access and operating requirements
and make all necessary allowances in the design. In particular, ensure that appropriate requirements
are included as required by Chapter 8 —Construction Requirements and Project Controls.

10.4.1 Step and Touch Potential
Earthing systems shall be provided at all high voltage power stations, substations and switching

stations. The design of the earthing system shall ensure that step and touch potentials inside and
surrounding the installation are kept within safe limits for all prospective faults. Refer to
Chapter 26 — High and Low Voltage Distribution System Requirements.

The design of metallic service connections and adjacent metallic structures shall incorporate
electrical isolation or other measures to prevent dangerous potentials being transferred to other

locations.

10.4.2 Equipment Safety
All items of equipment shall inherently be designed and installed for safety of operation and the

plant layout shall be designed such that the plant may be operated in a safe manner.
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Guards shall be provided for protecting personnel against exposed moving parts, hot surfaces and

dangerous voltages. Guards shall be removable for maintenance access.

10.4.3 Personnel Safety
All switchboards and equipment shall be metal enclosed dead front type so as to increase operator

safety. All exposed metalwork shall be bonded to earth via appropriate methods and it shall not be
possible to access or come in contact with live conductors without removing guards or other

barriers.

All Contractor personnel shall be inducted with any applicable OH&S procedures and be

experienced with the equipment being utilised.

10.4.4 Fire Safety
Particular attention shall be paid to fire safety and the potential spread of fire shall be inhibited by

sealing off all openings and penetrations using appropriate materials and methods at the completion
of the erection phase.

10.5 Labelling and Sighage
Provide all necessary signage as required by any Codes and/or legislation to ensure safety. Labels
shall be provided on equipment to:

a) Advise of safety hazards;
b) Actas an aid to prevent mis-operation of equipment, and

¢) Actas an aid to identification.

Generally unless otherwise agreed, all equipment shall be labelled using engraved laminated plastic
labels, which are clearly visible after the installation of all equipment and wiring. This shall not
preclude the use of other systems tailored for specific applications that provide an equivalent

functionality and durability.

General equipment labels shall be black lettering on white background. Warning labels shall be
white lettering on red background. Engraving on labels shall be of minimum height 6 mm unless
otherwise approved. Fixing shall be permanent. Do not fix labels to removable duct covers.

Refer to AS/NZS 2381.1 for requirements relating to identification of equipment certification in

hazardous areas.

10.5.1 Equipment Labelling

Control Panels and other equipment shall be labelled such that it is clear as to which system the
panel controls relate to. Where necessary, include suitable short form operating instructions shall
be provided on the front of equipment in the form of an etched panel or durable laminated sheet.
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10.5.2 Pipework
All pipework systems shall be labelled as to the fluid contained within and the direction of flow.

10.5.3 Plant Rooms
All electrical plant rooms shall be labelled clearly so as to identify it as a plant room and also

clearly designate the name or type of plant room as per the documentation.

10.5.4 LV Switchboards
Switchboards shall be labelled in accordance with Chapter 11 — Low Voltage Distribution Pillars

and Switchboards Labelling and Numbering.

Existing framed copies of the SLD shall be replaced with amended drawings.

10.5.5 RCD Labelling
All socket outlets are to be suitably labelled to show the circuit designation and distribution

switchboard supplied from for resetting purposes. In addition, each socket outlet protected by a
RCD shall be adequately labelled (e.g. RCD-PROTECTED) to identify that it is provided with
RCD protection.

Labels shall be legible and indelible and shall be made either on the socket outlet or equipment
itself or on a plate securely fixed on or immediately adjacent to the socket outlet or equipment. The
marking shall be sufficiently durable for the intended purpose and location where it will not lead to
deterioration of the marking. Metallic labels shall not readily touch live parts or bridge insulation if
they become detached.

Socket outlet labelling may be standardised for an establishment or region. The Regional Manager
(RM) will advise the designer of the standard labelling requirements, if they exist.

Socket outlets not provided with RCD protection, having a specific equipment function, are to be
suitably labelled (e.g. TACAN EQUIPMENT ONLY) to show the intended use in addition to
circuit designation and distribution switchboard labels.

Socket outlets protected by electrical separation are to be suitably labelled (e.g. ISOLATING
TRANSFORMER PROTECTED).

10.5.6 Artificial Lighting
All switches shall be suitably arranged to clearly identify the associated lighting controlled. Where

this is not achievable or where switches are grouped suitable marking or signage shall be provided
to clearly indicate the area controlled. The control shall be arranged to suit semi skilled operation
by the building occupants.

For complex arrangements provide an anodised sheet metal drawing showing each light group and
how the lighting corresponds to the switching or similar.
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The labelling schedules shall be submitted for review for suitability prior to manufacture to the
DSG region.

The fixing of labels shall be by means of escutcheon pins or non-corrosive tapped screws.
Adhesive fixing may only be used when it can be demonstrated that the method is permanent.

10.5.7 Hazardous Area and Explosives Area Sighage
In addition to the requirements of the applicable standards and regulations, all facilities with

hazardous areas or explosives areas are to be provided with a permanent, clearly legible, etched
panel showing a 3 dimensional hazardous area zone plan, conditions relevant to the hazardous area
classification certification, key dates and the applicable contact persons. Contact persons are to
include the person in charge of the facility, the maintenance agent contact details.

The panel is to include the date of verification, and the date of re-verification in a manner which
allows these dates to be updated without renewing the entire panel (use a separately fixed section).
Include any limitations on the use of the facility and any important factors that may effect the

certification of the installation and extent of hazardous areas.

Mount the etched panel in a suitable prominent location at the entry to the building or in an area
readily visible by the users. Provide additional panels as required in larger or more complex
buildings.

10.5.8 UPS labelling and Signage
All UPS shall be labelled clearly so as to identify it with the designated name as per the systems

drawings.

10.5.8.1 UPS Socket Outlets
Socket outlets and switches connected to critical circuits shall use blue plates where colour is used

to mark socket outlets.

10.5.8.2 UPS Equipment Labelling
In addition to the descriptive marking of switchgear, control gear and the distribution boards,

indelibly and conspicuously mark the UPS and critical power supply installation. Where colour is
used for marking the critical parts of an installation the standard colour shall be blue. Where labels

are prepared they shall be blue lettering on a white background.

10.5.8.3 UPS Switchboards
Critical switchboards shall be labelled in accordance with the Chapter 11 — Low Voltage

Distribution Pillars and Switchboards Labelling and Numbering.
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Framed single line diagrams defining the upstream isolation and downstream distribution of the
critical supply associated with the UPS installation shall be provided in the UPS room. Any
existing copies of the SLD shall be replaced with amended drawings as required.

All switchgear shall be clearly labelled to show the source of supply and the normal and emergency
operating positions. In addition, transfer switches shall have short form operating instructions
showing the required operating procedures and the correct operating positions clearly identifying
the source of supply. The short form operating instructions shall be an engraved two colour

laminated panel traffolyte or similar and shall be suitable fixed on or adjacent the transfer switch.

10.5.9 LEG Labelling and Sighage

10.5.9.1 LEG Supported LV Switchboards

Frame mounted as-installed single line diagram of the essential distribution system shall be suitably
fixed on or adjacent to the LEG control panel. The single line diagram need not be provided where
already adequately catered for as part of the main switchboard single line diagram. The single line
diagram shall be laminated for durability and the size of the diagram shall ensure legibility.

Essential switchboards shall be labelled and numbered in accordance with Chapter 11 — Low
Voltage Distribution Pillars and Switchboards Labelling and Numbering.

All switchgear shall be clearly labelled to show the source of supply and the normal and emergency
operating positions. In addition, transfer switches shall have short form operating instructions
showing the required operating procedures and the correct operating positions clearly identifying
the sources of supply. The short form operating instructions shall be an engraved two colour
laminated traffolyte or similar and suitably fixed on or adjacent the transfer switch.

10.5.9.2 LEG Equipment Labelling
In addition to the descriptive marking of switchgear, control gear and distribution boards, indelibly

and conspicuously mark the essential installation. Where colour is used for marking the essential
and critical parts of an installation, the standard colour shall be red for essential services and dark
blue for critical services. Where labels are prepared they shall be red lettering on a white
background for essential services and dark blue lettering on a white background for critical

services.

10.5.9.3 LEG Supported Socket Outlets
Socket outlets and switches which are connected to essential circuits shall use red plates, where
colour is used for these.

10.5.10 HV & LV System Labelling
All substations shall be labelled clearly so as to identify it as a substation and also clearly designate
the name of the substation as per the site HV single line diagram.
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10.5.10.1 HV Cable Labelling
Provide a durable plastic tag at each end of each HV cable that indicates:

a) The cable source and destination.
b) The cable size and construction.

¢) The date installed (new cables only).

The labels shall be a proprietary system with the lettering printed in black and letters at least 5 mm
high. Hand written labels are not acceptable.

10.5.10.2 Substation Signage

All substations shall be clearly identified externally with suitable substation designation signage
and warning signs. Substation designation signage shall be consistent with the respective Base
building signage showing the designated name of the substation as per the site HV single line
diagram (e.g. Substation XX, Switching Station XX, Intake Switching Station).

Substations numbers shall be allocated as follows:

a) New substation numbers shall be two digit numeric (e.g. 01, 02, etc) unless otherwise agreed
in writing be DEEP. Existing establishments with alpha or alpha-numeric numbering can

remain until major upgrade of the electrical reticulation system;
b) For new substations the substation number will be provided by the respective DSG Region;

¢) For a substation rebuild or upgrading within the existing substation building, the existing
substation number shall be retained;

d) For the total replacement of a substation or immediately adjacent sites using the same form of
construction (e.g. kiosk substation replacing kiosk substation), the existing substation number
shall be retained;

e) For a total replacement of substations on adjacent sites using different forms of construction

(e.g. Indoor substation replacing a kiosk substation), a new substation number is required.

HV Switchboards

HV switchgear in new substations and the adjacent substations are to be labelled, or relabelled as
appropriate, in accordance with the Defence numbering philosophy. See Chapter 26 — High and
Low Voltage Distribution System Requirements, which provides the numbering requirements for
high voltage systems.

The High Voltage Mimic Panel (usually in the CEPS) is to be amended to incorporate any new
substation/s. Existing framed copies of the SLD shall be replaced with amended drawings.
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10.6 Electromagnetic Radiation (EMR)/Electromagnetic
Compatibility (EMC)/Disturbances

The Design shall consider and prevent the effects of EMR/EMC on the performance of equipment

or adjacent areas so as to ensure that under normal operating or fault circumstances, the effects of

EMR/EMC do not adversely affect operation.

The Design shall limit interference in accordance with the requirements of MIL-STD-461, AS/NZS
CISPR and AS 61000.

10.7 Fire Protection Systems (Indoor Substations and other

Indoor Installations)
Provide fire protection as required by and in fully conformance with the requirements of the

Manual of Fire Protection Engineering (MFPE) and the Building Code of Australia (BCA). This
includes the provision of:

a) Signs;
b) Extinguishers; and
c) Detectors (if required).

10.8 Environmental Issues
Defence places importance of specifying and utilising materials that are not harmful to the
environment either during manufacture, installation, use or disposal. Hence, biodegradable

materials shall be given preference where possible.
The use of sprays or other equipment which utilises hydrocarbons is discouraged.

Due consideration shall be given to the collection and proper disposal of all trade/industrial wastes.

10.8.1 Fuel
All tanks, tank filling facilities and fuel system shall meet the requirements of AS 1940 and also

Australian Institute of Petroleum (AIP) Code of Practice 4 (CP4) The Design, Installation and
Operation of Underground Petroleum Storage Systems. Particular care needs to be taken with the
tank filling point spill control which shall be meet the requirements for tank vehicle loading
facilities in accordance with AS 1940. See Chapter 21 — Local Emergency Generator (LEG)
Requirements and Chapter 27 — Central Emergency Power Station (CEPS), Central Power Stations
(CPS) and Central Energy Plant (CEP) for further requirements.

10.8.2 Asbestos and Polychlorinated Biphenyls
All equipment supplied under the Contract shall be entirely free of asbestos and polychlorinated

biphenyls. Test certificates shall be supplied for all second-hand equipment.
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If asbestos or polychlorinated biphenyls are encountered during design or construction DSG shall

be immediately notified.

10.8.3 Insulation Oil
The finished installation shall comply with all requirements of AS/NZS 3000 with regards to the

containment of insulating oils.

In any case insulating oils shall be prevented from leakage into soils and waterways in the event of
a spillage.

10.9 Keying
Entry or access into substations and high voltage switch rooms by unauthorised personnel is not
permitted. Doors must be fitted with suitable locks and all locks supplied shall be master keyed to

Defence requirements.
All Electrical plant room shall be fitted with suitable locks to Regional requirements.

All equipment of similar nature and type shall be keyed alike to suit the Base arrangements.

10.10 Interface with Existing Services

Where new works are to interface with existing services the Designer shall arrange for pre-design
surveys of the existing services, where necessary, to ensure the accuracy of existing documentation
and the coordination of design. All details Defence retains on the existing engineering services will
be made available to the Designer by DSG Region.

10.11 Operation and Maintenance

Electrical equipment and plant rooms; where possible these rooms should be accessed from areas
requiring a lower security clearance or where the need for a security escort may be minimised.
Ensure that all equipment and the sighting of all equipment gives priority to the ease of erection,
operation and maintenance of the equipment. This includes:

a) Suitable access around all equipment;
b) Adequate access panels and doors on equipment;
c) The careful orientation and location of equipment within panels; and

d) Indicators and instrumentation in easy to read locations.

Major equipment items shall not be located in such a manner that would prevent the safe removal

and replacement of any major item of the installation.

10.12 Voltage Drop
In accordance with AS/NZS 3000, the maximum permissible voltage range at any point in an

electrical installation under normal service conditions, excluding voltage transients such as those
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due to system switching, shall be 400/230V +10% —11%. This is based on the nominal supply
voltage of 400/230V +10% —6% and the maximum permissible voltage drop between the point of
supply and any point of an electrical installation of 5%.

The designer must determine the supply voltage characteristics which shall be accounted for in the
electrical distribution system design to ensure the voltage is maintained within the above voltage

range.

In determining the voltage drop, a minimum 25 percent load growth allowance or suitable master
planned load allowance, whichever the greater, shall be used in addition to the estimated maximum
demand.

Transient voltage performance where outside the above voltage range needs to be checked against
the facility or equipment requirements to ensure the correct operation of the installation and
equipment. Where equipment is susceptible to voltage transients the designer must ensure that the
electrical installation is designed to meet the equipment requirements.

In determining the voltage drop the designer shall consider:
a) Use of the electrical installation
b) Any special equipment requirements

¢) Location and distribution of the load. Location and arrangement of the loads dictate the
requirement for additional distribution boards.

d) Characteristics of the load such as the effect of motors and effect of fluorescent or discharge
lighting. Adequate allowance is required to cater for transient performance. The effect of low
power factor and switching transients and impact of high current draw need to be adequately
catered for and may require dedicated submains and distribution boards.

10.13 Circuit Arrangements and Spare Capacity
The designer is to review all equipment and user requirements in determining the most appropriate

and cost effective electrical distribution layout. Adequate spare capacity is required as follows:
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= Table 10.1: Circuit Arrangements and Capacity

Circuit Arrangement Capacity

Switchboards 25 percent spare capacity
25 percent space for additional switchgear

Consumers Mains and submains 25 percent spare capacity

Power circuits Maximum 8 double socket outlets per circuit
(minimum 30% spare capacity)

Lighting circuits Maximum 66% utilisation
(i.e. 33% spare capacity)

Cable trays and ducts 50 percent spare capacity

Note that the capacity of lighting circuits may be limited by allowable leakage current to earth
rather than rated active current carrying capacity or voltage drop.

Dedicated power circuits shall be provided for equipment loads. Where appropriate the designer
shall consider the installation of distribution boards for the connection of the equipment. As a
general rule dedicated circuits shall be provided for the following:

a) each communication equipment racks

b) lighting

c) general power

d) electrical equipment

e) HVAC/mechanical services

Care shall be taken to limit the number of points on a circuit and to distribute the points with

leakage current in order to avoid nuisance tripping.

Power requirements are provided in the respective room data schedules.

10.14 Switchboards

The location of the main switchboard shall be readily accessible from the entry of the building.
Main switchboards require special consideration as in an emergency situation such as a fire, the
switchboard will need to be located and operated by persons unfamiliar with the installation and the
disposition of the equipment on the switchboard. This requires the main switchboard for a building
to be located within easy access to the entrance of a building with its location clearly indicated at
the main entrance, by a sign if necessary, and at the fire indicator panel.

All switchboards shall comply with AS/NZS 3000 and AS 3439 series of standards. Main
switchboards provided for important facilities shall be at least Form 3 construction. Main Essential
and Critical distribution boards shall be Form 4 construction.
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The finish of switchboards shall be in accordance with Regional requirements. In harsh
environments consideration shall be given to using marine grade aluminium or stainless steel
enclosures. All switchboards shall be provided with locks wherever possible and all switchboards
shall be dead front type and provided with doors. Lift off escutcheon panels are permitted.

All cabling in switchboards shall be provided with suitable identifying labels. Mains and submains
shall have two colour engraved durable laminate or similar suitably fixed on the cable showing the
cable size and type as well as the origin/destination of the cable. All other cabling shall be

identified by slip on ferrules or other suitable means.

10.15 Emergency Power Distribution
Emergency power, when required, is to be provided with critical and essential power distribution
throughout the facility as required to meet the defined performance and equipment requirements of

the FDB. Defence power supply classifications are provided in Table 7.3 below

s Table 10.2 Classification of Defence Power Supplies

Power Distribution Classification Type of Support
Critical UPS supported
Essential LEG supported
Normal or Non-essential No UPS or LEG support
May be supported by CEPS or mobile generator

Emergency power distribution shall also meet the requirements of relevant standards below:

Defence Chief Information Officer Group (CIOG) UPS system requirements for small UPS

systems associated with the communications systems will be provided by CIOG.

Defence UPS system and LEG requirements provided in Chapter 20 — Uninterruptible Power
Systems and Chapter 21 — Local Emergency Generator (LEG) Requirements.

Emergency power supplies shall be suitably marked or colour coded. Refer to the labelling and
signage requirements above.

10.16 Earthing and Bonding Systems

Separate earthing systems or earth reference points, where required in buildings, are to be bonded
in accordance with AS/NZS 3000, AS 1020 and AS/NZS 1768. In meeting this requirement the
designer is to ensure that the design does not compromise the engineering requirements of the
earthing systems and that the potential for earth loops in the facility are eliminated.

10.17 Lightning Protection

The designer shall investigate the requirement for lightning protection. Lightning protection, where
provided, shall be designed and installed in accordance with AS/NZS 1768. The following facilities
shall be provided with lightning protection irrespective of the assessment.
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a) oxygen workshops, storage facilities;
b) explosive ordnance facilities and hazardous area facilities; and

¢) where the facility type of construction allows lighting protection to be installed or incorporated
at little cost (e.g. fully metallic construction).

All computer accommodation and other sensitive equipment shall be provided with suitable surge

and transient protection.

10.18 Metering
An intelligent metering system incorporating MDIs, voltmeter, ammeter, power factor, kW, kVA
and kWh functions shall be provided at every substation on the output of the transformer.

Intelligent meters shall also be provided for each significant facility in accordance with the Defence
Energy Efficiency and Ecologically Sustainable Development requirements. The preferred location
for this metering is at the substation to minimise control cabling, however for large facilities with
multiple meters install the meters at the facility.

All intelligent meters shall be interfaced to the Power Control and Monitoring System (PCMS) or
equivalent monitoring system such as Site Utility Metering System (SUMS) and Regional Utility

Management System (RUMS) to monitor the following minimum parameters:

Monitoring Requirements
a) Volts phase to neutral for LV (phase to phase for HV) and average 4 off

b) Amps each phase and average 4 off

¢) Thermal amps each phase and average 4 off

d) Average power factor each phase and average 4 off
e) watts, kVA, kWh

Where the SCADA cannot adequately calculate the minimums and maximums all of the above
needs to be monitored for maximums and minimums for Volts and power factor as above.

The meters need to be configured to suit the communications environment they are to be installed
and this depends on the number of meters and the ability to install in conjunction with other
systems such as PCMS and BMS. Generally the meters shall be based on open protocols and

various communication capabilities.

Where incorporated on the DESN/PCMS Modbus communications and 485 connectivity are
required. Meters can also be ETHERNET capable which may be required to suit certain topology
(i.e. where there is no PLC/RTU or other similar device), but this places importance on the
SCADA software to attain and store accurate data. This is normally overcome by providing meters
that hold the required data and the SCADA extracting and storing it for later use.
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The metering systems must provide two main streams of data, the first being the energy
management data and the other demand management data. The later is used to undertake electrical
master planning and to determine adequacy of the distribution system to cater for existing and new
loads. The metering connected to the PCMS is for a different purpose to the other metered
networks. The preference is to keep the PCMS metering network on Defence Bases independent of
other metering systems and for this purpose, it may be more practical to use separate meters for the
PCMS.

When a new facility is incorporated into the site metering system the designer shall also include all
necessary amendments to the SCADA systems and reporting requirements. Where the facility also
has energy efficiency measures or ESD applications that are being measured by the metering,
incorporate a separate energy efficiency or ESD report as part of the SCADA to report directly on
the achievement of the ESD objectives or performance requirement.

Defence MIEE
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Internal Electrical Services Requirements

11 Low voltage distribution pillars and Switchboards Labelling and numbering

12 Installation of Residual Current Devices in the Workplace - New and Refurbished
Facilities

13 Artificial Lighting

14 Power Factor Correction

15 Hazardous Area and Explosive Area Electrical Installations

16 Other Requirements

e Aircraft Earth Reference Points
e  Wharf Services
e Liquid Dry Breathing Oxygen (LDBO)/Cryogenic Facilities

e Battery Rooms

17 Reserved
18 Reserved
19 Reserved
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11Low Voltage Distribution Pillars and
Switchboards Labelling and Numbering

11.1 Background

This Chapter sets out the requirements for labelling and numbering of low voltage distribution
pillars and low voltage switchboards for all Defence establishments and facilities. The purpose of
this Chapter is to ensure uniform presentation of essential information at each distribution pillar
and switchboard location throughout Defence.

Distribution Pillars are typically provided as part of the low voltage trunk cabling and are a
convenient means for distributing power from substations. They can be either free standing or fixed
to building structures. Distribution pillars are primarily used to distribute power throughout an

establishment and are not used for energising final sub circuits or submains within buildings.

Main switchboards and distribution switchboards are those switchboards from which a

building's submains or final sub circuits originate.

11.2 Distribution Pillar Numbering and Labelling Requirements
Distribution pillars shall be numbered in accordance with Figure 11.1. The numbering system is
based on the origin of supply starting at the substation. The numbering system shall clearly indicate
the source of supply cascading with upstream distribution pillars. For example, distribution pillar
number 03.2.1 indicates that the pillar is fed from distribution pillar 03.2 which in turn is fed from
substation 03.

The distribution pillar number shall be two digit substation number followed by the single digit
distribution pillar number (e.g. (substation number), (distribution pillar number)). Where a
distribution pillar is supplied from another pillar the number shall be the substation number
followed by upstream distribution pillar number and then the distribution pillar number (e.g.
(substation number), (distribution pillar number), (distribution pillar number)).

Distribution pillars with two sources of supply (e.g. two substations are connected to the pillar)
shall be numbered based on the normal or predominant point of supply.

The distribution pillar number is to be clearly and indelibly labelled on the pillar in a similar
manner to the substation numbering consistent with the region labelling requirements. The
nomenclature used shall be "DISTRIBUTION PILLAR (number)" (e.g. DISTRIBUTION
PILLAR 03.2.1).

Distribution pillars shall be provided with a circuit schedule, single line diagram and switchboard
label in accordance with the low voltage switchboard requirements inside the pillar. The
switchboard designation is not required to be 25mm or 15mm character height as required for the
switchboard labels.
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Substation 03

DP03.1 DP03.2 DPO03.3

I I

DP03.1.1 DP03.1.2 DP03.3.1 DP03.3.2
NOTE.
Distribution Pillar Numbers
DP03.1.1.1 Substation No.  Distribution Pillar No.
two digit single digit

m Figure 11.1: Distribution Pillar Designations

11.3 Switchboard Numbering and Labelling Requirements

Circuit Schedule
Switchboards shall be provided with typewritten circuit schedule cards. The cards are to be suitably

sized showing:
a) submain / subcircuit designation/description and area supplied;
b) cable size and type; and

c) rating of the submain / subcircuit protective device.

The circuit schedule card shall be kept in a fixed holder prominently mounted inside the
switchboard cupboard or on the door inside the switchboard. The circuit schedule card shall be
protected by a hard transparent perspex cover or similar. An example circuit schedule card is
shown in Figure 11.2.
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Installed By
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Main size
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Description

Cable
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Description
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20

Power - Skirting sockets West

4mm Cu PVC/PVC

16
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Lights - West

2.5mm Cu PVC/PVC

17
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23
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24

25

26

27

28

29

30

»  Figure 11.2: Example Circuit Schedule

Single Line Diagrams

Frame mounted as-installed single line diagrams shall be suitably fixed in or adjacent to each
switchboard assembly. The single line diagram shall be laminated for durability and the size of the

single line diagram shall ensure legibility.

Switchboard Label

A suitable switchboard label shall be provided on all switchboards. The label shall be securely
fixed in a prominent location on the front door or external cover of the switchboard assembly. The
label shall be an engraved two colour durable laminate or similar. The label requirements are

detailed below:
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Example Switchboard Label

MAIN SWITCHBOARD 173/1

FED FROM: DP03.2

MAINS SIZE: 120 mm? cu PVC/PVC

MAIN EARTH: 35 mm? cu PVC/PVC
Location: SW corner of building

FAULT CURRENT: 40kA

MANUFACTURED BY: XX Switchboards May 2003

Engraving

"A (Switchboard designation)"*
FED FROM: "B"
MAINS SIZE: ""C" mm® "F"
MAIN EARTH: "D mm?* "F"

Location:

FAULT CURRENT: "E" kA

MANUFACTURED BY:

Letter Size
The minimum letter height for switchboard designations shall be 25mm for Main Switchboards

(MSB) and 15mm for all other switchboards. All other engraving shall be minimum 6mm height.

"A" - Switchboard designation
The switchboard designation shall be shown as follows:

MSB "MAIN SWITCHBOARD (structure number)/1"

(e.g. "MAIN SWITCHBOARD 173/1" for structure 173 MSB)
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DB "(Structure number)/(MSB number)/(DB number)"
(e.g. "173/1.1" for DB 1 fed from the MSB in structure 173)
(e.g. "173/1.1.1" for DB fed from DB in structure 173)

Where the switchboard is supplied from a Local Emergency Generator or an Uninterruptible Power
Supply (UPS) additional wording of "Essential” or "Critical" respectively is to be added (e.g.
"Essential Switchboard 173/1.1" or "Critical Switchboard 173/1.1.1")

Where the switchboard is supplied from a frequency converter additional wording showing the
frequency of supply is to be added (e.g. "400 Hertz switchboard 173/1.2.1")

Guidance in the application of switchboard designations is provided in Figure 11.3.

"B" - Source of supply

The source of supply shall be shown as follows:

External supply. Source of supply (e.g. "DP03.2" or "SUB 03" for a supply from
distribution pillar 03.2 or from substation 03 respectively).

In some cases the structure MSB may be supplied from another structure.

These shall be shown as for an internal supply below.

Internal supply. Switchboard supplied from (e.g. "MSB173/1" for a DB supplied from
main switchboard in structure 173). Where supplied from an UPS,
frequency converter or other similar device the label shall also include the
UPS or frequency converter in the description (e.g. "DB173/1.1 via
UPS").

"C" - Mains cable size
The main cable size (e.g. "120mm?")

"D" - Main earth size and location
The main earth size and location (e.g. "35mm®"; "Location: SW corner of building")

"E" - Fault rating of the switchboard
The fault rating of the switchboard shall be shown in kA (e.g. 40kA). Note this is the switchboard

fault rating not the circuit protective device fault rating.

"F" - Cable type
The cable type (e.g. "Cu PVC/PVC")

Defence MIEE



Mobile
Generator

Link Box

Main Switchboard 173/1

‘ Essential Switchboard 173/1.1

‘ ‘173/1.2‘ ‘173

EPS

Critical Switchboard
173/1.1.1

Essential
Switchboard
173/1.2

Critical Switchboard
173/1.1.1.1

400Hz Switchboard
173/1.2.1

s Figure 11.3: Switchboard Designations
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12Residual Current Devices Protection

12.1 Background

Commonwealth, State and Territory legislation and Australian Standards (AS) require Residual
Current Devices (RCDs) to protect electrical installations. These requirements are mandatory,
however, they are not consistent, and not all adequately address Defence's duty of care
responsibilities.

The legislation and standards are intended to increase personnel protection from electric shock and
physical injury hazards that may arise from an electrical installation that is used with reasonable
care and due regard to the intended purpose of the electrical installation.

It is important to note that a RCD does not ensure safety. It is designed to disconnect the electricity
supply when there is a leakage of electricity to ground, as may occur during an electric shock. It is
important to remember that if a person is in contact with both the active and neutral or between two
active leads of an electricity supply, the RCD may not operate and an electric shock would be

received. This shock can kill.

12.2 Reference Documents
AS/NZS 2243 - Safety in laboratories

AS/NZS 3000 - SAA Wiring Rules

AS 3001 - Electrical Installations - Movable premises and their site installation (includes

commercial vans and construction huts)
AS 3002 - Electrical Installations - Shows and Carnivals

AS/NZS 3003 - Electrical Installations - Patient Treatment Areas of Hospitals and Medical and
Dental Practices

AS/NZS 3012 - Electrical Installations - Construction and Demolition Sites

AS/NZS 3175 - Approval and test specification - Residual current-operated circuit breakers without

integral overcurrent protection for household or similar uses.

AS 3190 - Approval and Test Specification - Residual Current Devices (current operated earth-
leakage devices)

AS 3760 - In-service Safety Inspection and Testing of Electrical Equipment

AS/NZS 61009 - Residual current-operated circuit breakers with integral overcurrent protection for

household or similar uses
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12.2.1 Requirements of Legislation
The ADO is required under Section 4 of the Occupational Health and Safety (Commonwealth

Employment) Act 1991 (OHS (CE)) to comply with a State/Territory regulation on a safety subject
where there is no OHS (CE) regulation. At this point in time the OHS (CE) Act does not have a
regulation on electrical safety.

In addition, OHS (CE) Act 1991 places a duty of care on employers to provide a safe environment
for employees. The courts have found that under Common Law, a building owner can be held
liable for not providing or upgrading a building to reflect current accepted community safety
standards. These expectations and requirements are not limited to new building works.
Retrospective installation of fixed RCD protection to existing electrical installations in buildings is
required either directly, as in the case with Western Australia Regulations, or indirectly through
duty of care and Common Law.

These requirements clearly confirm fixed RCD protection in electrical installations as the accepted
means to protect personnel against the risk of electric shock.

12.2.2 Requirements of Australian Standards
State and Territory legislation mandates a number of AS that require or recommend RCD

protection, such as the standards listed below. Other AS that require or recommend RCD protection
also need to be adopted to ensure ADO's duty of care responsibility is met, particularly, where they
reflect current accepted community safety standards.

The Wiring Rules AS/NZS 3000 requires RCD protection of socket outlets in all types of electrical

installations such as domestic, residential, commercial and industrial installations.

Other AS that require or recommend RCD protection include:
a) AS/NZS 2243 - Safety in laboratories

b) AS 3001 Electrical Installations - Movable premises and their site installation (includes
commercial vans and construction huts)

c) AS 3002 Electrical Installations - Shows and Carnivals

d) AS/NZS 3003 Electrical Installations - Patient treatment areas of hospitals and medical and

dental practices

e) AS 3012 Electrical Installations - Construction and demolition sites

12.3 Defence RCD Policy Requirement

Electrical installations are to comply with the requirements of respective State, Territory or
Commonwealth legislation, regulations and guidance notes and AS. RCDs shall therefore be
provided in all facilities as required or recommended by such legislation, regulations and guidance
notes and AS.
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In addition to legislative and AS requirements, Defence electrical installations are to have RCDs
installed to protect all socket outlets wherever practicable, irrespective of rating or location.
Therefore, all socket outlets are to be RCD protected unless:

a) The proposed equipment or electrical installation is unsuitable for RCD protection;

b) The electrical installation is in low risk area, where it is not practicable to install RCD
protection and electrical safety is effectively achieved by an alternate method; and

¢) The electrical installation supplies an area of high importance where it could be detrimental if
connected to a RCD.

Socket outlets provided for general use, for unspecified equipment or purpose or where the socket
outlet could reasonably be used for a purpose, other than intended, that represents an increased risk
of electric shock (e.g. desk top socket outlets that could be used for cleaning) are to be protected by
RCDs.

Examples of equipment or installations NOT intended for RCD protection are:

a) Electromedical equipment where it could be detrimental to the health of a patient if connected
to a RCD (note the requirements of AS/NZS 3003 apply);

b) Equipment or installations not suitable or compatible with RCD protection like essential
imported test equipment having internal neutral earth bonds or equipment that has inherent
current imbalance. Consideration should be given to modifying this type of equipment to

achieve compatibility in the first instance, if possible;

¢) Socket outlets, other than domestic installations, installed at a height in excess of 2.3m above
the ground, floor or platform specifically set aside for the connection of fixed or stationary
appliances or luminaires in an area not considered to be an increased risk of electric shock;

d) Equipment supplied from socket outlets that represent a low risk and where it would be
detrimental to an important function or requirement such as uninterruptible power supply,
aircraft safety (e.g. NAVIADS/VISAIDS), particular computing systems and communications
equipment; and

e) Socket outlets for 400 Hertz (Hz) installations such as used in aircraft power supplies and
avionics workshops. These installations are not suitable for Type I (10mA) or Type II (30mA)
RCD protection and currently there is no known manufacturer of RCDs for this application.
Electrical safety for these installations is to be achieved by complying with one of the other
protection techniques of AS/NZS 3000, in particular Clause 1.7.4 Protection Against Indirect
Contact (e.g. Protection by automatic disconnection of supply, Protection by electrical

separation or by the use of Class Il equipment).

In addition to protecting socket outlets, consideration is also to be given to protecting fixed
electrical equipment and appliances with RCDs in areas of increased risk of electric shock. This
would particularly apply for Class 1 equipment where automatic disconnection of supply could not

be assured by the overcurrent protective device in accordance with Clause 1.7.4.3 of AS/NZS 3000.

The purpose of this requirement is to provide RCD protection of fixed equipment in areas of
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increased risk such as laundries, ablutions and kitchens where it is practical (i.e. the equipment is
suitable for RCD protection) and where the degree of risk posed to personnel warrants RCD
protection.

12.4 RCD Installation

The design objective is to install, as far as practical, RCDs protection for all socket outlets, and
RCD protection for fixed equipment installed in accordance with the requirements of the Australian
Standards and in areas of increased risk of electric shock. The designer, in consultation with the
users, is to ensure that all electric shock hazards are identified and that the electrical systems are
designed to reduce or eliminate these electric shock hazards. All socket outlets not provided with
RCD protection are to be the subject of an electric shock risk hazard assessment, with the results of
this assessment provided in the Design Report, or similar, for DEEP agreement.

RCDs are to be permanently installed as part of the electrical installation at the distribution
switchboard. RCDs can be arranged to protect a number of circuits, several socket outlets on a
circuit or even the entire electrical installation with the one RCD. However, the number of circuits
or socket outlets that can be connected to one RCD is influenced by the likelihood of a faulty piece
of equipment tripping several other circuits or socket outlets.

To minimise this impact, RCDs are to be installed on an individual circuit by circuit basis. RCD
protection and circuit design are to be arranged to prevent any adverse or harmful effect between
equipment, circuits or socket outlets. This is to be achieved by separating RCD protection for
important functions within each facility or area (e.g. one circuit per test bench, circuits arranged by
function or area, no general purpose socket outlets on the same circuit as important equipment and
separate circuits for cleaner’s outlets and kitchenettes in office areas).

Intermixing of RCD protected equipment and non-RCD protected equipment on the same circuit is
not permitted.

Except where otherwise required by Legislation or Australian Standards, RCDs shall be Type (II)
(i.e. maximum 30mA tripping characteristic) in accordance with AS 3190, AS/NZS 3175 or
AS/NZS 61009.1.

Socket outlets provided for equipment that is unsuitable for type (II) RCD protection, in areas that
may represent an increased risk of electric shock, are to comply with the one of the remaining
protection techniques/requirements of AS/NZS 3000, particularly Protection Against Indirect

Contact to ensure personnel safety.

Socket outlets provided for equipment or systems unsuitable for RCD protection should be
configured to prevent general use where possible, such as non-standard patterns (i.e. not three flat
pin plug), and shall be suitably labelled for the intended use to prevent general use.
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Equipment characteristics are to be reviewed by the designer when determining the most

appropriate configuration for RCD protection.

12.4.1 RCD Testing and Record Keeping
RCDs are to be regularly tested by competent persons and such tests are to be recorded and made
available for safety audit purposes.

The electrical contractor responsible for the electrical installation works shall undertake monthly
pushbutton tests during defects liability period and shall test the operation of each RCD at the time

of commissioning and at the end of defects liability period.

After the defects liability period, testing is to be undertaken by the Regional Managers through the
CMS contracts in accordance with Table 12.1. Record keeping requirements, including the
requirement for log books, are also provided at paragraph 12.4.3 below.

Provide a means of recording the most recent operational test date by an electrician and the
verifier’s signature. This register can be in the form of a label at each RCD or switchboard housing

the RCDs or as a central register similar to a circuit schedule at the switchboard.

12.4.2 RCD Training

Notwithstanding the potential for RCDs to protect persons and equipment, RCDs do not provide
unequivocal protection against electric shock or even electrocution. Due diligence and care must
always be afforded by all users of electrical equipment and appliances irrespective of the level of
protection provided. It is important that the in-service application of these devices be managed with
the knowledge of their limitations.

The assumption that RCD protection provides absolute protection may in turn lead to some users
taking unnecessary risks when using electrical equipment/appliances that they otherwise would not
if they knew RCD protection was not installed. Where there is sufficient potential for users to take
such unnecessary risks, personnel awareness program for users of Defence buildings will need to
be conducted. Such programs are the responsibility of the user unit, however, where necessary, ID

can assist in defining the training requirements.

12.4.3 RCD Testing and Documentation Requirements
Testing requirements for portable Residual Current Devices (RCDs) are provided in legislation and

AS 3760 and are the responsibility of the user.

Testing of fixed RCD installations shall be in accordance with the respective State or Territory
legislation, as recommended by Australian Standards (AS) or in accordance with Table 12.1,
whichever is the more frequent.
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Maintenance Documentation
A detailed maintenance program shall be implemented and shall include procedures and a

recording system. The recording system shall include the maintenance schedule, a log and as-
installed diagrams of the installation. The information shall be current and be readily available. The
Regional Manager (RM) is responsible for this through the Defence maintenance contractor (i.e.
Comprehensive Maintenance Services Contractor (CMS) or similar).

The log shall contain records of all formal inspections, test results (not push button tests) and RCD
history including any repairs or modifications. The log shall be dated and include the verifier's
identification. The log may be an electronic form of record keeping.

Where a log book is used, it shall be provided with a suitable holder at each distribution
switchboard. Log books may be standardised for each establishment, the RM will provide these
standard requirements when advising if a log book is required. Log books are to be substantially
bound (not in loose leaf format) and contain the following information as a minimum:

a) page numbed

b) description of the inspections, tests, repairs or modifications

c) testresults

d) the log shall be dated and include the verifier's identification for each entry

e) where testing due to presence of a fault, identification of faulty equipment and action taken to
repair and remove it from service

s Table 12.1 Residual Current Devices Testing Schedule

TEST INTERVAL IN MONTHS

ENVIRONMENT (see note 1)
Push-button Responsibility Test for Responsibility
test (e T 2 A operation
(see note 2) 3) (see note 4)
Workshops and places of 3 User 12 ID

repair, assembly
maintenance or fabrication

Commercial environments 3 User 24 ID
such as laboratories,
kitchens and gymnasiums.

Office environment 3 User 24 ID

Accommodation 3 User 24 ID
environment
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Notes:

1)

2)

3)

4)

Frequency of testing depends on the environment in which the device and equipment is being
used, with more frequent testing required for harsher environments or higher risk areas. In all
cases, the electrical contractor responsible for the electrical installation shall test the operation
of each RCD at the time of commissioning and monthly pushbutton test during the defects
liability period and a final test for operation at the end of defects liability. After the defects
liability period, Defence personnel or the Defence maintenance contractor shall regularly test
RCDs in accordance with the schedule above.

Infrastructure Division (ID) is not responsible for ongoing push button tests. The detail
provided above for these tests is provided as information only and typically representative of
State and Territory OHS guidelines. Unless operated from time to time, a RCD may
mechanically freeze and not trip when required. RMs are responsible for referral of the user

requirements to the regional or establishment OHS committee.

Users are defined as the unit or units normally occupying the facility. Users will need to ensure
that an appropriate responsibility (ies) is identified and suitably trained to perform push button
tests. For facilities with no single user (e.g. transient accommodation), the unit managing the

accommodation will need to arrange an appropriate responsibility for the push button tests.

The test for operation shall ensure that the RCD operates within the maximum tripping times
and current levels as required by AS 3190, AS/NZS 3175 or AS/NZS 61009.1.
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13Artificial Lighting

13.1 Background

Artificial lighting accounts for a considerable portion of the energy consumption in Defence. It is
imperative that lighting systems and their associated controls meet the engineering performance
requirements and achieve optimal energy usage and that high efficiency lighting systems and
robust control strategies be realised.

Emphasis is on the provision of the best through life performance and this policy addresses both the
lighting systems and lighting control applications. For the purposes of this policy, lighting systems
encompasses the entire lighting system including luminaires, fixtures, fittings and control systems.

The areas of application covered by this policy include:

a) Interior Lighting;

b) Exterior Lighting such as flood, apron, road & car park;
¢) Security Lighting;

d) Cleaning Lighting;

e) Emergency Lighting; and

f) Lighting Control.

13.2 Performance Objective
The objective of this policy is to:

a) facilitate the suitable performance of lighting installations;
b) facilitate optimal lighting control strategies;
c) facilitate optimal energy efficiency, and

d) ensure the economics of the design on a through life basis.

13.3 Referenced Documents

13.3.1 Standards and Codes
All materials and workmanship shall be of the best standard and shall comply with the relevant

legislation and Australian Standards, or if such do not exist with relevant International Electro-
technical Committee (IEC), International Standards (ISO) and International Commission on
[lumination (CIE) standards.

Irrespective of status and any requirements shown in these documents the installation as a whole
shall comply with:
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Australian Standards
= AS/NZS 1158 Road Lighting series

= AS/NZS 1680 Interior Lighting series
= AS/NZS 2293 Emergency evacuation lighting for buildings series

= AS 2467 Maintenance of Electrical Switchgear

= AS2560 Sports Lighting series

. AS 3595 Energy Management Programs - Guidelines for financial evaluation of a
project

= AS/NZS 3827 Lighting System Performance
= AS/NZS 61000 Electromagnetic capability series

AS/NZS CISPR Electromagnetic compatibility - Requirements for household appliances
electric tools and similar apparatus - Immunity - Product family

standard
= HBA49.1 Sports Lighting
= HB264 Power Quality

International Standards
= International Commission on Illumination (CIE) 129 Guide to the lighting of exterior

work areas

Defence Requirements and Standards
»  Australian Defence Force Publication - 602 (ADFP-602) Joint Services Works and

Administration Aerodrome Design Criterion.

= Defence Energy Management Strategy. Promulgates Defence energy management policy

guidance.

Other Standards
Building Code of Australia (BCA)

Civil Aviation Safety Authority (CASA) Manual of Standards Part 139 (MOS Part 139)

International Civil Aviation Organisation (ICAO) Annex 14 Aerodrome Deign and Operations and

Design Manuals

Regulatory Authority requirements in each state

Technical References
Australian Greenhouse Office Best Practice Guidelines

Green Building Council of Australia, Green Star rating tool and Best Practice Guidelines
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Department of Industry, Tourism and Resources - Energy Use in Commonwealth Operations’ &

‘Measures for Improving Energy Efficiency in Commonwealth Operations.

13.4 Other Agency Guidance

Adequate consideration is required on the policy and guidance published by other government
agencies and other recognised organisations. Where the provisions containing the guidance
published by these agencies cannot be implemented or where it is found impracticable the matter is
to be raised in the design report for Defence agreement. Some of these agencies and their policy
and guidance are listed below.

Australian Greenhouse Office
The Australian Greenhouse Office (AGO) is a government agency responsible for government

energy management that provides policy and guidelines on reducing power consumption and
greenhouse gas emissions. The policy requirements are to be implemented for all Defence

installations.

Green Building Council of Australia

The Green Building Council of Australia has developed a new rating tool for commercial office
buildings. The tool, known as Green Star, evaluates new and refurbished office design based on a
number of environmental criteria including energy and water efficiency, indoor environment
quality, waste avoidance and resource conservation. There are also additional tools available such
as as-build and interiors.

Department of Industry, Tourism & Resources
The Department of Industry, Tourism & Resources is a government Department that encourages

the efficient use of energy. To this end, the Department monitors and produces a report on the
‘Energy Use in Commonwealth Operations’ & ‘Measures for Improving Energy Efficiency in
Commonwealth Operations’.

13.5 Financial Assessment
Financial assessment is required to justify the selection and economic basis for the chosen design
solution. Financial assessment is also required when considering the merit of upgrading an existing

installation or implementing energy efficiency measures in existing facilities.

Financial assessment must be undertaken on a through life basis and must include the lighting
system installation costs and all recurring costs such as energy usage, energy impacts to other
services such as HVAC and the ongoing operating and maintenance costs.

Financial assessment must demonstrate:

a) Payback period for the works is within 5 years. Defence uses $70 per tonne when considering
green house gas reductions;
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b) Chosen solution offers the lowest through life costs;
c) Best environmental and/or ESD performance;

d) Through life costs including SCADA maintenance, energy costs, lamp replacement, luminaire
cleaning and control system management;

e) Compliance with current Standards; and

f) Operational considerations that overrides the economic consideration.

13.5.1 Economic Analysis

The payback period is the time required for the lighting installation to redeem the cost of
installation. The cost benefit analysis needs to consider the through life costs of the PFC
installation against the reduced energy costs or savings in the reticulation system construction
costs.

There are two fundamental methods accepted:

a) Simple Payback: this doesn’t normally take into account future value of monies today but can
be used as a basic check of the feasibility of a project.

b) Net Present Value (NPV): this does take into account future value of monies today. NPV is

very useful in comparing options over the time frame considered.

13.5.2 Energy Performance Contracting (EPC)

EPC can be considered to minimise the cost of installation to Defence by using the energy savings.
EPC is a form of contracting for energy efficiency services. The contractor guarantees a level of
energy consumption savings, upgrades the facility using equipment at its own expense to achieve
the consumption targets and is repaid over a number of years from the resulting stream of energy

cost savings.

Energy Performance Contracting provides access to private sector capital, technology and technical

expertise at minimal up-front cost to the Commonwealth.

Any EPC proposal must be formally agreed by Director Engineering Services and Technical
Regulation (DESTR).

13.5.3 New lighting System Assessments
Financial assessment is required to confirm the selection of the most suitable lighting design and

lighting control system. The financial assessment is to consider the through life cost of the lighting
system (including energy usage for both the lighting and impacts to other services such as HVAC
and the ongoing management and maintenance costs). Assessment must also consider greenhouse
gas emissions and measures to reduce them.

New lighting systems when comparing the merit of suitable options must use NPV.
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13.5.4 Existing Lighting Systems
The purpose of replacing older lighting systems or installing new lighting control systems is to

improve the energy efficiency of the building in which it is applied. If this isn’t achieved through
the proposed modifications, justification will be difficult unless it is required to bring the
installation into conformance with the required lighting levels

Financial assessment is necessary to determine the merit of replacing existing lighting systems on
the basis of energy savings or through life savings. It is imperative that these proposals achieve a
financial payback within 5 years where being justified on economic grounds alone. Note that for
greenhouse gas reductions a Figure of $70 per tonne shall be used in estimating the savings.

13.5.5 Energy Audit: Watts/m2 lighting consumption
To establish a base line for existing energy/power consumption, a preliminary load profile can be
established for an installation by one/all of the following methods:

a) Power Measurement where a suitable temporary three phase power recorder should be

installed at the switchboard supplying the floor(s) to be upgraded;
b) Electricity accounts can be review to determine the electricity consumption, and

¢) Building Management System can be investigated to determine the availability of data from
the Defence Building Management System or Digital Power Analyser on the Main
Switchboard (MSB) to determine power consumed.

Following these preliminary investigations, a watts/m? can be determined for each area and can be
compared against the anticipated design watts/m?. The difference can be used to calculate the cost

savings.

13.6 Energy Efficiency

Defence energy performance requirements are provided below. Where a lighting system cannot
achieve these requirements or it is considered impractical to comply, the reasons need to be
justified as an alternate design solution as detailed in Chapter 6 — Certification and Verification.

a) The target power densities for Defence all indoor lighting applications is 10 watts/m?.

b) Electric lighting levels must not be over designed. Maintain levels for office applications at not

more than 400 lux for 95% of the net floor area.

Fluorescent Lighting Ballasts - Minimum Energy Performance Standard (MEPS)
AS/NZS 4783.2 specifies the MEPS requirements for lighting ballasts (e.g. Class A1l to Class B2).

The designer is to determine the most appropriate ballast based on merit, cost effectiveness and
energy efficiencies. Detail in the design report suitable justification of the chosen solution showing
the option considered and the basis for selection.
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13.7 Developing and identifying specific project lighting
requirements

Generally, lighting system performance requirements are adequately defined by the required

standards; however, in some instances there may be unique Defence requirements where alternate

lighting systems solutions are needed. Examples include rooms used for night vision training and

simulator complexes.

Normally, specific project requirements will be identified in the FDB or other project requirement
documentation together with the performance requirement. However, where the FDB does not
include the performance requirement the designer will be required to investigate and make
recommendations on suitable lighting installations as part of the design process.

13.7.1 Maintenance and Lamp Replacement

When determining the lighting system maintenance requirements and light loss factors, the
designer shall consider AS/NZS 1680.4, the anticipated lamp life and the required CMS cleaning
intervals in deciding on the most cost effective design solution. The designer shall detail the design

basis including the required lamp replacement and cleaning intervals in the design report.

Where the designer proposes an alternate maintenance regime to current CMS requirements this
shall be clearly detailed in the design report together with justification for the alternate

arrangement.

Where no CMS maintenance requirements are available, the designer shall base the maintenance
cycles on the recommendations of AS/NZS 1680.4 using bulk lamp replacement, manufacturers
published lumen output/lamp life and allowing for luminaries to be cleaned at the same time as the
replacement of lamps (e.g. for TS5 luminaires: not less than 80% of manufacturers published lumen
output and allowing for luminaries to be cleaned not more regularly than 5 yearly intervals).

All new luminaires shall be constructed for ease of maintenance and cleaning and to suit the ceiling

system. Attention is drawn to AS 2946 for luminaire and ceiling compatibility.

13.7.2 Lighting Circuitry

New lighting circuits shall be designed to a maximum circuit utilisation of 66 percent (i.e. 33
percent spare capacity). The capacity of lighting circuits may be determined by factors other than
normal current rating. RCD protected lighting circuits may have a much lower limit to the number
of light fittings which may be reliably connected to the same circuit, due to the leakage current to
earth inherent in electronic ballasts within the light fittings.
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13.7.3 Power Factor

All fluorescent and high intensity discharge lighting systems are to be power factor corrected (to at
least 0.9pf). The Designer shall consider both individual equipment/luminaire correction and
centralised correction based on the best through life performance.

13.7.4 Equipment

In industrial or commercial areas the designer is to ensure that the colour rendition of the lighting
system is suitable for the tasks performed. Where lights are installed in areas that could be exposed
to mechanical damage (e.g. plant rooms) the fittings shall be provided with suitable wire guards or
or impact resistant lens.

Discharge lighting installed in hangars or other sensitive areas shall have fail safe type control gear
that will automatically de-energise the igniters’ circuit in the event of lamp failure to prevent any
failure condition from causing a potential fire hazard.

All fluorescent lights are to have electronic starters or electronic ballasts. Electronic ballasts shall
be selected with the operating conditions and design life in mind. Longer design life types will
generally provide a whole of life cost benefit.

13.7.5 Luminaire Standards

The base or region may have lighting standards which will need to be addressed by the designer in
the development of new works. The designer will need to consider these and adopt them where
they comply with the requirements outlined in this policy and offer practical and cost effective
solutions.

Where a regional standard is identified but is not proposed for adoption the reasons why is to be
addressed in the design report for Defence agreement.

13.7.6 Lamps Selection

Lamp choice shall take account of whole of life cost as well as operational requirements.

13.7.7 Harmful Effects of Lamps

Where lamps pose a hazard in normal/failed operation or when damaged, the designer must ensure
suitable safeguards are applied. To this effect suitable UV filter or similar should be installed with
the fittings that emit UV radiation. The designer must address, in the design report, any lighting
system that has the potential for harmful effectand the proposed treatment strategies.
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13.8 Lighting Design Criteria

The following requirements are provided to further define Defence requirements. The main
objective is to ensure lighting system designs achieve the required performance whilst also
achieving optimum energy efficiency.

13.8.1 Interior Lighting
The levels of artificial lighting shall accord with the recommendations of AS/NZS 1680 series for

the various tasks to be undertaken in the facility. The lighting installation shall comply with the
energy limitation requirements of Section J of the BCA regardless of the State or Territory in which
the installation resides. Lighting layouts and switching patterns are to be arranged to make best use
of the available daylight and the tasks being undertaken in the facility.

Consideration shall be given to intelligent automatic daylight compensation where appropriate and
cost effective. The preferred method of daylight compensation is by automatic perimeter dimming

using individual sensors per luminaire, particularly the lighting installed adjacent to window areas.
Where implemented adjacent window areas, the daylight compensation dimming system shall only
control the first row of luminaires.

Existing lighting systems to be modified as part of building refurbishment shall be assessed for
compliance with current standards and suitability for retention. The existing lighting shall only be
retained where justified by a business case against modern energy efficient lighting systems.

Luminaires in office areas shall generally incorporate fluorescent lamp sources. High efficiency
lamp types and luminaires are to be specified and the selected light arrangement and lamp type
shall be on the basis of achieving the best through life performance.

13.8.2 Daylighting
The use of daylighting within a building can increase the occupant’s amenity. This needs to be
balanced against the potential for increased glare from daylighting.

Daylighting is to be used with the appropriate use of sun shading or internal to prevent the entry
of direct sunlight and control glare. The fundamental measure of the quantity of daylight at a point
indoors (the daylight factor), is the ratio of the inside daylight horizontal illuminance to the
horizontal illuminance simultaneously existing under an unobstructed sky and expressed as a
percentage. The daylight factor is approx 2-5% of the externally available light. AS/NZS 1680.1 —
1990 table 9.1 provides a table of the illuminance available from the sky for major Australian

cities. From this table, illuminance within a space can be determined.

13.8.3 Artificial
Artificial lighting is lighting required to illuminate the interior of a building if no daylight was

available. The provision of artificial lighting comes in many forms and is further detailed below.
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13.8.4 Task
Task lighting is local illumination related to a workstation or specific task. It can be used as

secondary lighting, where the primary lighting is provided by lights from the ceiling and task
lighting provided by a local luminaire that can be moved by the occupant. This will provide higher
levels of light than the primary lighting. For example office lighting is generally 320 lux but task
lighting can increase the local illumination to 600-1000 lux. Task lighting is a more cost effective
alternative than trying to increase the office illumination from the primary lighting source to 600-
1000 lux.

The disadvantage with task lighting is that it cannot be easily controlled by an automated system
and therefore has the possibility of increasing the lighting energy consumption for the building.
This aspect will need to be addressed in any proposed task lighting application.

13.8.5 Perimeter

Perimeter lighting are the luminaires adjacent the external windows of a building. Light sensors
built into each luminaire can reduce the level of light when there is adequate daylighting. At night,
the sensors drive the luminaire to full brightness.

13.8.6 Cleaning Lighting
Building cleaning can be conducted after hours at night. Where cleaning is undertaken at night,

there must be a system where the cleaner can activate egress path lights and suitable limited office
space lighting to enable for them to carry out their cleaning duties without the need to energise
entire lighting system. This can be a key system or other suitable arrangement at the entrance to the
building or each area. When the cleaner leaves, they de-energised the lights through the key again
or by time control.

13.8.7 Security Patrol Lighting

Where a building is routinely patrolled by security staff, a similar lighting system to the cleaning
lighting above is required to enable the security patrols to be undertaken without the need to
energise the entire lighting system. Security lighting can be achieved by movement sensor, by a

key system or other suitable arrangement.

13.8.8 Emergency Lighting and Exit Signs
Emergency lighting and illuminated exit signs shall comply with the requirements of AS/NZS 2293
and be provided in the areas as required under the BCA.

Emergency luminaires shall be connected to a computerised automatic testing system, consisting of
a central control unit located in a suitable location. The computerised testing system shall be
incorporated onto the site wide or regional monitoring, where existing. Please note that Defence
intends to implement centralised site/regional monitoring at all establishments and therefore
consideration is required on standardising equipment to achieve this requirement, whether such a
system is already installed or not.
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