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Note to Readers

The authors, reviewers, editors, and DuPont Safety Resources have made extensive efforts to ensure
that the technology, management systems, and other information contained herein are accurate and
conform to best practices known to them at the time of publication. However, new approaches to
maintenance management, reasonable differences in opinions among experts, unique aspects of
individual situations, and different laws and cultures require that the reader exercise independent
judgment when making decisions affecting the reliability of any asset, practice, or process. The
reader should consider the applicability of the ideas and opinions offered to each situation based on
the reader's knowledge of the physical premises, practice, or process in question. Suggestions for
improvements will be warmly welcomed and carefully considered.

Confidential

This Report and the information contained in this Report have been provided to and for the benefit of
Transpower New Zealand only. E. I. du Pont de Nemours and Company (“DuPont”) assumes no
responsibility or liability for damages or claims in connection with the use of the recommendations,
representations, or practices contained herein. This Report represents the entire understanding
between DuPont and Transpower New Zealand and shall not rely on any statements,
recommendations, or representations other than as set out in this Report. Any oral comments or
explanations which may be given in relation to this Report are not intended to be a substitute for a
proper reading of this Report and are not intended to say anything that is not set out in this Report.

Copyright Statement

Figures, diagrams, charts, tables and appendices marked with an asterisk (*) are not the property of
DuPont and are therefore excluded from any DuPont copyright designation.
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EXECUTIVE SUMMARY

This report represents DuPont’s and BW Consulting’s assessment of Transpower’s
maintenance practices and expenditures and is in response to Transpower’s Terms of
Reference listed in Appendix A. The observations and recommendations are in
response to Transpower’s request to evaluate asset health, asset health management

strategies and the sustainability of current maintenance practices.

This review was conducted using principles from DuPont’s Infrastructure Maintenance
Assessment (IMA) and Maintenance and Reliability Systems (M&RS) combined with
the technical expertise of BW Consulting. The review methodology used a disciplined
process of data screening and direct interaction with both Transpower and contractor
personnel, evaluated asset management systems in comparison to industry best
practices, evaluated the value adding benefits of select maintenance practices and

reviewed the long term asset renewal strategy.

Discussions with staff from both Transpower and the contractors revealed a workforce
that has an innovative approach to the solving of problems. This has been driven
mainly by a need to keep operational an aged asset base as little asset replacement
has been undertaken on a broad basis in the past decade. Some 39% of the
switchgear assets are of old technology with an average age of around 37 years.
Transformers have an even higher average age of around 40 years with
approximately 40 per cent of the in-service power transformers ranging in age from 40
to over 70 years old. Many assets are rapidly approaching end of life and need to be
replaced if a satisfactory level of performance and reliability is to be maintained. Even
with good care and innovative solutions it is not realistic to expect such assets to
continue to be fit for purpose and perform adequately with increasing age. Eventually
there comes a point when their reliability needs to be questioned. Best practice shows
that initiating a replacement programme early will help to deliver a timely replacement
programme of aging assets, and ensure a secure transmission system. Transpower
should start immediately to develop an assertive plan to replace aging assets before
system integrity is compromised and asset replacement will be difficult to manage

proactively.
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As with many highly specialised organisations, over time, through changes in
business models or through competitive recruitment, intellectual knowledge can be
lost. Since 1990, when Transpower’s present business arrangement was established,
intellectual knowledge from within the Transpower organisation has been lost or has
been divested with the contractor. Although there are many specialists and highly
trained engineers still within the organisation, Transpower needs to regain some of the
knowledge lost over the last 10 years and once again become a truly informed buyer
of both services and assets. Transpower also needs to determine its preferred
business model and to adopt and determine what, in its best interests, are core and

non-core activities.

The current Maintenance Management System (MMS) works well as a contract work
management tool, but it is not an effective asset management system. While
considerable asset condition data is stored in MMS, the data is not linked to asset
performance monitoring, asset operational data or an asset health system.
Maximizing the potential of the current data stored in MMS will provide essential
information for decisions related to the care, reliability and risk assessment of

transmission assets.

Improvement opportunities which address the replacement of aging assets, the
improvement of the asset management system and the long term strengthening of
Transpower’s in-house core knowledge have been identified and are detailed in the
report sections that follow. Implementation of these recommendations will provide
maintenance and asset management strategies that in the long term are both cost

effective and sustainable. A brief summation of the recommendations is as follows:

Establish Transpower position with respect to retention of in-house core

activities which includes capturing and retaining intellectual knowledge.

Establish strategic spares for the asset categories transformers and circuit
breakers.

Develop an assertive replacement plan for aging assets.

Investigate an asset management system to complement the existing

Maintenance Management System (MMS).
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1. INTRODUCTION

Transpower is the owner and operator of New Zealand’s national transmission grid.
Reliable grid operation is critical to meet consumer electricity demand and to the
growth of the country’s economy. During the period May 26, 2008 to June 6, 2008,
DuPont, in collaboration with BW Consulting, an independent transmission consultant,
reviewed Transpower's asset maintenance practices and expenditures against
strategies employed by similar industries. The review objective was to identify
improvement opportunities which support the timely replacement of aging assets and

which provide sustainable strategies to assess and ensure asset health.
2. SCOPE OF REVIEW

This review evaluated Transpower’'s existing maintenance practices and related
expenditures against industry best practices. DuPont and BW Consulting screened
Transpower’s maintenance management systems and practices including a field

review of selective physical assets. Specific scope assessment items included:

Initial desktop review of Transpower’s maintenance documentation including
asset service specifications.

Review of Transpower’s current asset management strategy and Maintenance
Management System (MMS).

Interviews with Transpower staff responsible for Grid Performance and System
Operations.

Office and field interviews with alliance contractor staff responsible for
maintenance of the physical assets in the Wellington, Christchurch and
Auckland regions.

Field tours of substations in both the North and South Islands including
Haywards, Islington, Bromley, Albany, and Henderson substations
(Transformer refurbishment facilities located at Henderson and Islington

stations).
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3. DUPONT'S INFRASTRUCTURE MAINTENANCE ASSESSMENT A ND
MAINTENANCE & RELIABILITY SYSTEMS PROCESSES

To address Transpower's Terms of Reference, DuPont, in collaboration with BW
Consulting, used its Infrastructure Maintenance Assessment (IMA) and its
Maintenance & Reliability management systems to review Transpower’'s maintenance
and asset management practices. The DuPont IMA process is a systematic method
of identifying and minimizing the maintenance costs associated with aging facilities.
The physical condition of assets are reviewed, relative to the assets ability to continue
to perform reliably in its current state, against the cost to restore the asset to the
desired level of reliability. Recommendations to repair, refurbish or replace the asset

are developed. The process steps are outlined below in Figure 1.

Figure 1. DuPont’s Infrastructure Maintenance Asse  ssment Process

Review Maintenance Practices

(Procedures, Strategies, Organisation, Costs)

1
Identify Deficiencies/Improvement Opportunities
(Asset Condition, Renewal Strategy, Organisation)

1
Categorize Extent of Non -Conformance
(Minor, Moderate, Critical)
|

Assess Operational Im pact

(Reliability, Safety, Costs)
|

v

Define Corrective Actio n & Assign Priority

(Repair/Replace, Administrative, Organisational)
(Short, Intermediate, Long Term)

1
Repeat the Process
(Review frequency is typically 3-5 years)
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DuPont’s Maintenance and Reliability Systems (M&RS) combines technology, work-
management systems, and change processes applied to operating facilities to identify
unacceptable asset reliability and performance. Transpower’s work management
processes systems were reviewed. The interface between Transpower and its alliance
contractor was of particular interest as the current contractual arrangement does not
appear to have accountabilities which systematically drive long term asset reliability.
To achieve long term asset health, the work management process should drive
proactive reliability improvements versus reactive corrective action. An example of a

comprehensive work management process flow system is shown in Figure 2.

Figure 2. Example of a Comprehensive Work Manageme  nt Process Flow
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DuPont's M&RS process targets long term asset optimization. Transpower’s
maintenance strategies were assessed against the DuPont M&RS and industry best
practices. Appendix B lists DuPont's M&RS “best practices.” These best practices
drive a reliability centred approach to maintenance. DuPont’s reliability centred model
is shown in Figure 3 below. The reliability centred approach identifies practices,
procedures and organisational attributes desired for optimizing long term asset health
and performance. The path to optimized asset performance begins with an
assessment of the current state of the organisation’s maintenance practices. The
improvement process then defines the desired performance state, creates a formal
plan to transition to the desired state, and implements management systems to

sustain the benefits from the change.

Figure 3. DuPont’s Reliability Centred Model

Organization and people are:
Dependable
Consistent
Pro-active
Responsive

Proud
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& Data Systems Practiced Analysis is prevalent ® “Can Do - Just Do It-Do It Right the
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Procedures & Practices ® Process System Based ® Procedures & Practices are Planning are Integrated and Aligned
® Run-o-Faiure ¢ Schedule Driven by Preventive Aligned and Followed * Workforce is Pro-active in driving
® Lowest Cost First Maintenance ® Planning & Scheduling is Improvements
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® Restore Focused ® Defect Elimination Focused
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4. DUPONT APPROACH TO THE TRANSPOWER REVIEW

DuPont used principles from its Infrastructure Maintenance Assessment (IMA) and
Maintenance and Reliability Systems (M&RS) management systems, combined with
the technical expertise of BW Consulting as the foundation tools to conduct the review
process. The assessment methodology: i) used a disciplined process of data
screening and direct interaction with site personnel as a part of the evaluation process,
i) evaluated asset management systems in comparison to industry best practices, and

iii) evaluated the value adding application of procedures and management systems.

Retaining asset integrity as facilities age must integrate cost effective strategies
addressing asset maintenance, asset repair and refurbishment, and asset
replacement. Key elements of the IMA and M&RS systems used to evaluate the

current state of Transpower’s asset health included:

A review of current maintenance practices to identify deficiencies and
opportunities for improvement through the adoption of best practices.
Categorizing the extent of non-conformance in comparison to best practices
and assessing the operational impact of non-conformance.

Defining the corrective action and assigning priority (short and long term) to the
corrective action.

A review of the organisations role in support of asset health management at the
business level.

A review of the contractor management system and the criteria established to

monitor contractor performance.

The review process produced definitive recommendations which will allow Transpower
to make sustainable improvements in asset management. Both short and longer term
opportunities were identified which address organisational roles and responsibilities,
elimination of potentially non-value adding maintenance activity, repair versus
replacement decision making, more effective use of the current maintenance

management system, and procurement of strategic spares.
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The first step in accomplishing the required changes began with Transpower’'s
decision to assess the current state of maintenance practices and how they impact
ongoing asset performance. Subsequent steps for Transpower to implement the

recommendation based changes include the following:

Create a vision of the desired state which includes redefining Transpower’s
business strategy for asset health management where Transpower resumes
accountability for essential core functions.

Develop a transition plan that will address the recommendations targeting asset
reliability, asset management and organisation accountabilities.

Implement management systems to sustain the changes and resulting benefits
which include improving the existing asset management system and asset

renewal strategy.
5. ASSETS

There is a vast diversity of assets both in manufacturer and voltage. This has
increased the problem with respect to maintaining the appropriate level of expertise
within both the contracting and Transpower organisations. It also makes it extremely
difficult to hold, or even identify, what would be required as strategic spares.
Consideration should be given to investigating whether or not a level of rationalisation

could be undertaken, particularly with respect to the vast array of voltages.

There has been very little investment in replacing assets over the last decade. Instead,
the focus was to make the asset last as long as possible. Lead times on new assets
are such that this approach is not a sustainable course of action and some greater
asset replacement is required. It would seem that there has been a reluctance to
request finance for investing in asset replacement schemes perhaps because it was
perceived that they could not be financially justified using Transpower’s approval
process under it's current regulatory environment. Most utilities have problems in
financially justifying major asset replacement and must resort to some sort of
guantified risk assessment, as it cannot be expected that assets will continue to

perform satisfactorily ad infinitum.
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5.1 Overhead Lines

Transpower has over 12,000 route km of transmission lines, consisting of steel towers
and poles configured as single circuits and double circuits. Maintenance and repair is
managed by condition assessment performed at intervals consisting of foot patrols
and climbing inspections. Although this type of approach is considered as the
appropriate way to manage overhead line assets, Transpower perhaps undertakes
this process too frequently. A move to a sample inspection approach should provide
the same knowledge of asset condition at a reduced cost thereby freeing resources to
rectify some of the defects and refurbishment needs. Reading some of the inspection
reports supports this view as many refer to previous reports with the same item
condition being observed and reported. The table in Appendix C shows a comparison
of Transpower’s inspection frequencies against the best practices as observed in the
International Transmission Operation and Maintenance Study (ITOMS). In addition to
cost benefits, reduced access for patrolling and inspection, and a move to a more
proactive approach to the rectification of defects, fewer site visits could also result in
improved relationships with those landowners who occasionally restrict Transpower’s

access.
There are three significant issues with respect to overhead lines. They are as follows:
5.1.1 Overhead Line Tower Painting

Transpower has produced a very extensive corrosion map of the country from
which they can determine the areas at greatest risk. At present, tower painting is
undertaken on a condition basis tackling the worst first. The most costly activity in
tower painting is the preparation of the substrate prior to painting and with such an
aggressive atmosphere as in New Zealand this requires blast cleaning followed by
a water wash. This is an extremely costly activity. It is suggested that it would be
more cost effective to concentrate on the towers that are in better condition first,
as there would be less preparation required which would result in reduced unit
costs while providing a more satisfactory protective system. The ability for any
paint system to adequately protect the steel relies significantly on the quality of

surface preparation.
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5.1.2 Conductor Corrosion

Most of Transpower’s lines were built over 45 years ago using both Copper and
Aluminium Conductor Steel Reinforced (ACSR) conductors. There are three types
of ACSR in service. The two earlier conductors have greased and un-greased
galvanised steel core wire while the most recent type has greased aluminium
interlayer and greased steel core. Problems have been identified with both the
older ACSR conductors in that the steel wire is corroding. It has become apparent
that during the manufacture of these conductors, there have been grease skips
which are leading to corrosion now. The areas of corrosion have been difficult to
detect and only those with severe corrosion are observable when the aluminium
strands start to birdcage. Transpower is proposing to use a conductor corrosion
detector; however, this method will be extremely time consuming. Thermo vision
surveys is a technique that has proved invaluable for many utilities and coupled
with high resolution video techniques can be extremely useful. Transpower has to
date not used this technique due to its lines not being loaded sufficiently to make
thermo vision effective. However, further discussions with System Operation
suggested that this could perhaps be possible by switching to load the lines
sufficiently to enable thermo vision surveys to be undertaken. This does have the
potential to impact the market and requires further investigation as the market is

outside the scope of this review.
5.1.3 Overhead Line Tower Grillage Foundations

Buried steel grillage foundations are the oldest type of foundation used on the
system and comprise more than half of all tower foundations. There are
approximately 14,600 towers in the Transpower system. For many years now the
approach to this problem has been to inspect the foundation on one leg of a tower
by excavation. A rough evaluation of the costs involved concluded that it costs
very little more to undertake a refurbishment of the foundation than it does to
asses its condition. There must be sufficient condition information available by
now to enable a more aggressive refurbishment programme to be established that
will properly address the problem particularly since techniques for the

refurbishment of the foundations have been developed by Transpower. A more
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prudent long term approach would be to secure financing to refurbish the
foundations once and for all. .

5.2 Circuit Breakers

The older technology circuit breakers have an average age of around 35 years. The
breaker types comprise Bulk Oil (OCB), Minimum Oil and Air Blast Circuit Breakers
(ABCB). Failures of minimum oil circuit breakers have occurred because oil insulation
resistance (IR) levels have been gradually deteriorating. Recent results on one
minimum oil circuit breaker indicated that the last reading taken was within limits.
However, the asset failed some time after the circuit breaker was returned to service
as the trend in insulation resistance was decreasing. This enforces the fact that it is
also the trend that is important and not just the reading. Systems that collect and store
condition data must be able to be interrogated in a manner that will enable asset
health knowledge to be gained. A similar problem can occur with respect to the
requirement to maintain assets based on the number of operations. A circuit breaker
failure apparently occurred due to an excessive number of operations. The operation
counter was not working. Although the readings were collected and entered into the
MMS system, because it was not easy to access this data and establish that the
counter was not increasing, maintenance was not initiated and the circuit breaker ran
to failure.

The bulk oil circuit breakers, although reasonably reliable, are old and their
replacement should be considered. Of particular note, there are a few old single tank
OCB'’s that are having their bushings removed and refurbished. Comments were
made with respect to the difficulty encountered when aligning the bushings with the
internal connections after reassembly, and given there are only a few of these single

tank OCB's, it would probably be more appropriate to replace them.

There are 25 ABCB'’s still on the system. They are much more complex than modern
circuit breakers with the added requirement for a compressed air system and the
additional maintenance and air receiver inspection costs that they demand. Compared
to modern circuit breakers the maintenance requirements for ABCB'’s is considerably
more. Since there are only a few left on the system, it would be prudent to look at

replacing them.
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If these older technology circuit breakers, that is the Bulk Oil, Minimum Oil and Air
Blast Circuit Breakers, were to be replaced, then the average age of the circuit
breaker fleet would come down significantly, to around 20 years, and breaker
reliability should improve.

The newer technology outdoor circuit breakers installed within Transpower, at system
voltages of 66kV and higher, have been predominately the SFg type. At present, SFg
circuit breakers comprise approximately 60 percent of the total outdoor circuit breaker
population. Flange corrosion on some SF¢ models has resulted in gas leaks. Several
SF¢ circuit breakers in high switching duty applications have experienced excessive
wear on the operating mechanisms due to frequent operations. However, the majority
of the SF¢ designs have provided reliable service and have required little maintenance
in comparison to the older technology circuit breakers. Long term circuit breaker

replacement forecasts should consider the SFgtechnology as a viable option.
5.3 Transformers

The average age of the power transformer in-service banks within Transpower is 40
years. However, the average age only tells part of the story of the total power
transformer age profile. Approximately 40 per cent of the total power transformer in-
service banks range in age from 40 years to over 70 years. As system loads increase,
many of these older units are experiencing the highest load demands in their service
life. The age of many of these units is well beyond the typical technical life expectancy.
Appendix D gives examples of typical financial and technical lives of utility assets.
For transformers, age 55 is considered the earliest onset of significant asset

unreliability and this is the asset age where replacement plans should be initiated.

Mid life transformer refurbishment (single phase banks) is carried out with the
transformers being taken to one of three refurbishment centres where the work can be
undertaken. The past strategy of limited transformer replacement due to age related
concerns has, by necessity, created a need to pursue life extension methods.
However, the value of this refurbishment in extending transformer life is now
guestionable. Does refurbishment really add life to the asset or is it just a matter of
refurbishing the oil, re-protecting the tank, repairing oil seals and maintaining a

transformer repair facilities within New Zealand? If the real reason is to maintain repair
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facilities, then an alternative approach might be to engage one of the contractors to
provide a specific repair facility and use the refurbishment finance to replace assets. It
seems unlikely that the action of refurbishment extends the life of the transformers
and it could in fact shorten the life. Aged insulation does not like being disturbed. The
other problems of tank corrosion and oil leaks could be dealt with on site using

techniques that do not require a total strip down.

Whilst visiting one site it became apparent that transformer winding testing was being
undertaken on a routine basis. This involved the dismantling of primary and secondary
connections. The transformer in question had a LV cable box with a considerable
number of LV connections. To carry out the test the cable box would have to be
opened and the connections dismantled. This activity could introduce problems going
into the future as the assets get older. Unless a transformer is exhibiting problems,
such testing could give rise to the possibility of introducing latent defects and the real
value of this test should be reviewed. There has been a previous occasion during one
of these winding tests a LV bushing was damaged and had to be replaced.

6. STRATEGIC SPARES

There has been a severe lack of strategic spares in all the main asset areas. This is a
significant problem that could severely compromise Transpower’s ability to operate a
reliable system if not addressed. Given New Zealand’'s geographic location to major
asset manufacturing and the lead times on major assets of around 2 years, it is
essential that this issue be addressed and an appropriate level of strategic spares be
procured. The problem is particularly pronounced with respect to transformers. A
further complication is the large diversity in system voltages. Solutions to this problem
need to be urgently investigated including looking at the possibility of procuring

transformers with multiple voltage ratios that can be used in a variety of locations.
7. ASSET MANAGEMENT

The Maintenance Management System (MMS) works well as a contract management
tool, but it is not an asset management system. As such, it does not lend itself to the
manipulation of condition data in order to make informed asset health decisions.

Although it contains a considerable amount of asset condition data it is not linked with
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any performance monitoring, operational data or asset health system. There is no
asset management information system in place that supports asset management
decision-making. MMS also consumes significant engineering time and resources,

from both Transpower and the contractor, for activity that is primarily administrative.

Maintenance is “time based condition assessment” and as such is the way leading
utilities have moved in present times. However, from our limited observations it is
concluded that a substantial amount of resource and effort, from both Transpower and
the contractor, is given to the collecting and recording of condition data. Although this
data could be helpful in managing events on the power system, the process tends to
be reactive and not predictive i.e. maintaining assets, determining asset health and
asset fitness for purpose, and creating asset replacement plans. Whilst the review
team was in New Zealand there were several incidents where condition data was
available but was lost in the systems. The data could have been helpful in managing
the situation both prior to the incident and afterwards. Although a vast amount of
condition data is entered into MMS, it is questionable as to whether this data is readily
available for making informed decisions with respect to asset health. As has been said
earlier, MMS is not an asset management system and as such has no data
manipulation tools that are essential when trying to make informed decisions with

respect to asset well-being.

The condition assessment process requires that elements of the asset at inspection
are assigned a condition score. For overhead lines the condition rating is 0 — 100 and
for substations the rating is 0 — 9: (The higher the number, the better the condition).
To maintain on the basis of condition, and in particular for overhead lines, bespoke
databases have been written. Some assets are required to be maintained on the
number of operations. The only way that the contractors are able to initiate such
maintenance is by again using a bespoke database because MMS is not able to
handle this. The tools available make it difficult to maintain consistency across the
business which impacts on the effective management of assets based on the number

of operations.

As more condition assessment and diagnostics tools become available, providing

even more information as to asset health and condition, the dilemma of how to handle
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apparently deteriorating assets will grow. In particular the management of access to
and around such assets will become more difficult. In addition, the change in
emphasis in health and safety legislation world-wide points towards a requirement for
a more structured and auditable approach to these issues that will involve quantified
risk assessment techniques.

7.1 Maintenance Policy

A maintenance policy can be simply expressed as a document that specifies the
following: When Maintenance is to be carried out. What activities are to be performed
and How the work is to done. The responsibility for each of these tasks needs to be
clearly identified and the designated accountability must be accepted by all parties.
Table 1 provides a summary of the major activities and role responsibilities in a
maintenance policy.

*Table 1. Example of Maintenance Policy Categories  and Designated Roles

Item Activity Definition Responsibility
1 When Describes when the maintenance is to Transpower
be carried out. Could be time based,
number of operations, condition based “Operator”
etc.
P What Describes the activities required in a Transpower
functional way, e.g. check the operation
time of a circuit breaker, measure the “Operator”

primary contact resistance. See e.g. of a
Functional Specification Appendix 2.

3 How Describes how the work is to be done, a The Contractor
detailed Work Specification with spares
and resource requirements. “Service Provider”

Transpower has produced a comprehensive set of maintenance specifications
covering the “When” and “What” maintenance expected of the contractor, however
both these requirements have been incorporated into a single document for each
asset group. As such it is not easy to see the overall policy. The current single
document does not lend itself to ease of update or control and it does not provide the
“How" function expected in a Maintenance Policy document. Appendix E provides

examples of typical documentation specifying the When, What and How for a specific
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asset. When the current Transpower and alliance contractor business relationship was
established in 1990, it was expected that the contractor would take the functional
documents, the “When” and the “What”, provided by Transpower and then write their
own “How” document specific to the asset. This has not happened as the contractor’s
“How” document is inadequate and in the main is just a few descriptive words with
Transpower’s document attached. Much of the intellectual knowledge would ultimately
reside in the “What” and “How” documents. For Transpower to regain this knowledge
it would be advisable that they take ownership of the “How” documentation and, whilst
expertise still exists within Transpower and the contractor organisations, write the
documents. With some 5 contractors and 13 areas and with the approach that the
contractor will be totally responsible for the “How” documents at best you could have 5
different approaches to maintaining a particular asset or at worst 13. This situation
makes it impossible to track asset reliability or learn from any failure. Even the
possibility of learning from an incident and making maintenance modification becomes
exceptionally difficult. Transpower’s ownership of the “How” documents would ensure
that intellectual property is captured, controlled, updated, and disseminated as

appropriate.

A maintenance policy needs to be a dynamic document with feedback from both the
activity of asset operation and asset maintenance. A typical maintenance policy flow
diagram implemented by leading asset managers is given in Appendix F . Quality
asset data collected can be translated into current, trending or historical information
about the asset. This information about the assets condition can then be factored into
knowledge and risk evaluation concerning the assets ability to continue to perform
reliably. Informed decisions on corrective action can then be made based on the risk
evaluation. Although Transpower’s maintenance policy is based on condition
assessment, it is difficult to appreciate the state of health of the assets for a variety of

reasons, some of which are as follows:

Except for overhead lines the data collected is entered into MMS but is not

easily retrieved in a manner to make informed decisions about asset health.

The data may not be the data that enables an informed decision to be made.
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There is no formal Asset Health Review undertaken and as a consequence no long
term replacement plans have been developed. Although there is an Asset
Management Plan, it is not specific. A formal system of Plant Status Reports — Asset
Health Reviews — Asset Refurbishment and Replacement Planning is a requirement.
The Plant Status Reports are asset specific and should be prepared by the contractor.
The Asset Health Review is an annual document formulated from the Plant Status
Reports. The Asset Refurbishment and Replacement Plans are specific and include
both timing and cost forecasts.

It is apparent that little asset replacement has been undertaken in the past. There has
been a reactive approach with only a few assets being replaced when needed. Long-
term plans around asset replacement including a policy of Strategic Spares would
have helped when incidents have occurred. This is particularly the case with respect

to transformers as it has been extremely difficult to obtain replacement units.

The International Transmission Operation and Maintenance Study (ITOMS) shows
Transpower’s performance in years 2003, 2005 and 2007. The benchmark study
shows a decreasing level of performance and an increasing cost for Transpower when
compared with other utilities over the study period. Other utilities in the study have
invested in asset replacement whilst Transpower has continued to refurbish and
maintain existing assets. At the 2008 ITOMS workshop, National Grid Company-UK
showed an illustration that highlights the need to look forward and assertively plan
asset replacement. If assets are not replaced at the appropriate time, then it becomes
progressively more difficult to recover as can be seen from the illustration in Figure 4.
The utilities that have invested in replacement have reaped the benefits. In the main
newer asset technology tends to be less complex and hence easier and less costly to
maintain. The best ITOMS performer in replacing assets has reduced their average

asset age, reduced their maintenance costs and increased their asset reliability.
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*Figure 4. Deferred Asset Replacement and Impacto  n Asset Performance
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In order to better manage issues surrounding asset replacement, utilities have
assigned clear financial and technical lives to their assets. It would appear that
Transpower has assigned a diverse array of financial lives (Expected Operating Life)
to their assets. In the main other utilities have kept this simple along the lines shown in
Appendix D . This simplified designation of asset technical life recognizes that utility
transmission equipment does have a generally accepted finite life and that condition
assessment should not be the sole criteria for determining long term asset health. The
consequences of deferring replacement of old assets will result in further decline in
system performance potentially to the point that implementing an effective
replacement programme will be difficult. Transpower needs to implement an

assertive asset replacement programme now to addres s its aging asset base.
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8. BUSINESS MODEL

The present Transpower business model was established in 1990, the result being
that the service arm of the business was divested and the resources contracted back
to perform new build, maintenance and fault response. It was expected that the
alliance contractors would assume the role of asset custodian and would implement
innovative asset care techniques and provide the necessary expertise to identify asset
related problems and prepare detailed asset health reviews. This has not fully
developed, as discussions with the contractors suggest that the drivers are not there
for them to effectively pursue these objectives. Considerable intellectual knowledge
and experience has been lost from the business or has been divested with the
contractor. Loss of expertise through retirement and the attraction of better
remuneration elsewhere have made this situation even worse. Transpower needs to
regain this knowledge and once again become an informed buyer of services and

assets with an in-depth understanding of the assets and their performance.

Figure 5 shows four possible business models with functional attributes assigned to
the vertical axis. Transpower must define these attributes within the boundaries of all
functions being “outsourced” and all functions being “in-sourced”. The use of this type
of model has helped utilities to decide what activities and services are essential and
complementary to their business. In 1990 Transpower established its current business
operations as Asset Owner, but relinquished a significant amount of the role of Asset
Manager to the alliance contractors. In doing so, many of the core functions that had
once resided with Transpower, where transferred to the contractor. The blue line in
Figure 5 is an approximation as to where the divide took place. This current model
has the drawback of diminished in-house expertise in core functions over the long-
term. The red line in Figure 5 shows what would have been a more appropriate

division of core and non-core functions.
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*Figure 5. Potential Business Models
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The International Transmission Operation and Maintenance Study (ITOMS) has over
the years shown that leading utilities have refused to contract out specific activities.
One that is considered essential has been the commissioning of new assets onto the
system. Not only does this activity develop and maintain an understanding within the
business, it also provides an excellent and a safe training opportunity for staff. It would
be beneficial to Transpower to develop this model specifically for Transpower and

decide what activities are essential (core) and which are complementary (non-core).

8.1 Contracting

There are 5 contractors operating in 13 areas across New Zealand interfacing with the
Transpower staff who manage the contracts. The following interfaces were examined;
Contractor to Contractor, Contractor to Regional Transpower; Contractor to

Transpower headquarters (HQ); Regional Transpower to Transpower HQ; Contractor
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to Oil Laboratories and Transpower to Oil Laboratories. Most interfaces appeared to
be unclear in that individuals were not entirely sure about their responsibilities and
accountabilities. As discussed previously, when the current business arrangement
was established it was expected that the contractor would act as custodians of the
assets and be responsible for their well-being. However, it is apparent that there are
no real drivers for the contractor to take on this role, nor can Transpower divest its
responsibility for asset health, nor should it. There have been incidents that perhaps
demonstrate a lack of clear understanding of each party’s responsibility and which

raise a number of issues;

Does the contractor have sufficient technical knowledge to fully evaluate

situations when assets fail?

Can the contractor adequately access local fault recorder traces, to ensure they

get a full picture of the incident?

Should Transpower staff be able to access fault recorder traces from home (if
incident happens outside normal working hours)? Currently they are only able

to remotely access some of them from the Wellington office.

It is apparent that there is difficulty in obtaining real time fault information that would
be helpful in identifying and locating system faults. This type of information is of
particular importance for overhead line faults. Fault patrol contractors presently don't
have all the information they need in that they don’t know what type of fault has
occurred, what phase it was on, or the distance to the fault. All this information is

available in modern protective relays and system disturbance recorders.

From discussions it would seem that there are only just enough contracting resources
available and in some circumstances the resources are insufficient to meet both the
maintenance and project needs of Transpower. It was the opinion of the Transpower
staff that if things got too difficult for the contractors in New Zealand, then the
resources would quite easily move to other work locations overseas, particularly if the
work involved new installations which is considered more attractive than routine
maintenance work.
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In discussions it quickly became apparent that the contractors have little in-depth
engineering knowledge of the assets, their current health or how they perform in a
transmission system. They have restricted their involvement to the carrying out of
maintenance and or the specified project work. Such a lack of expertise has resulted
in difficulty in making informed decisions with respect to asset health and asset
capability. There appears to be no process for the formal flagging of asset health
problems at the fleet level that will ensure that the appropriate action is taken and that
any learning points are disseminated. An increase in Transpower asset replacement
project work could be an incentive for the contractors to reinvest in their staff training
and resources.

It also became apparent that the Oil Laboratories are not all using the same technique
to perform dissolved gas analysis (DGA) on insulating oil. This could cause confusion
if laboratories were swapped, as the result for the same oil sample would be
significantly different. It would be advisable to be consistent in the method used for
gas in oil analysis.

Review of the Transpower and contractor interface is warranted as part of
Transpower’s effort in establishing the business model strategy that is appropriate for

today’s asset performance needs and for asset performance needs for the long term.
9. CONCLUSIONS

This exercise has involved discussion with both Transpower and contractor staff
together with the inspection of a sample of Transpower’s substations and overhead
lines on both the North and South Islands. The inspections have been limited to a
visual inspection only and have given the first impression that the assets are in good
condition and that they have been well cared for. A major constraint on Transpower’s
ability to maintain a healthy system is the vast diversity in asset types, manufacturers
and system voltages. This has made it difficult for Transpower to have; i) common
maintenance practices, ii) asset related engineering knowledge, iii) expertise, and iv)

the availability of a satisfactory level of strategic spares.
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Discussions with staff from both Transpower and the contractors revealed a workforce
that has an innovative approach to the solving of problems. This has been driven
mainly by a need to keep operational an aged asset base as little asset replacement
has been undertaken. Some 39% of the switchgear assets are of the older technology
with an average age of 37 years. Transformers have an even higher average age of
40 years with approximately 40 per cent of the in-service power transformers ranging

from 40 to over 70 years of age.

Many assets are rapidly approaching end of life and need to be replaced if a
satisfactory level of performance and reliability is to be maintained. Even with good
care and innovative solutions it is not realistic to expect such assets to continue to be
fit for purpose and perform adequately with ever increasing age. Eventually there
comes a point when reliability is unacceptable and if replacement has not been
initiated, in any significant degree, then it will be progressively difficult to deliver a
replacement programme. New Zealand’'s geographical location with respect to
manufacturers of major assets, in itself, leads to long lead times on procurement.
Transpower needs to start an assertive replacement programme now to address its

aging asset base.

History has left its problems, as considerable intellectual knowledge has been lost
from the business or has been divested with the contractor (and subsequently lost by
them) since the present business arrangement was established back in 1990. It was
originally expected that the contractor would become the custodian of the assets and
would provide all that is necessary to keep the asset healthy. This has not been the
case; as such drivers do not exist within the contracting base. Transpower needs to
regain the knowledge lost and once again become a truly informed buyer with respect
to knowing and understanding the assets and with respect to both the procuring of

services and of new assets.

Transpower needs to decide on its preferred business model and to adopt and
determine what, in its best interests, are core and non-core activities. Many of the best
industry performers have maintained their level of expertise within the business by
retaining key core functions within their organisations. One example of this core in-

house function is for utilities to use their own staff to undertake commissioning work.
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Commissioning provides an ideal opportunity for learning in a low risk atmosphere.
The interface between Transpower staff and the contractors in many cases seems
unclear and requires clarification as to who is accountable and responsible for, in
particular, asset welfare. This could be addressed concurrently with Transpower’s

decision on what business model it will adopt.

The Maintenance Management System (MMS) is an effective system for managing
the contractor work; however, it does not have the data access and monitoring
features to manage the long-term health of Transpower's assets. Many of the
contractors have had to build databases and spread sheets in order to be able to
manage specific maintenance tasks; however, they have created these databases
independently resulting in a variety of systems across the asset base all requiring
double data entries. Discussions with the operators of the MMS system highlighted
the excessive time that is spent entering data. It does not seem that engineering staff
entering data into the MMS system is the best use of this valuable resource. (The
contractors use administrative staff for data entry). Although vast amounts of condition
data are collected, apart from overhead lines, little use is made of it. The main reason
for this is the shortcomings of the Maintenance Management System. It does not allow

easy access to data and does not have any tools for data analysis.

It was observed that when a system fault occurred there had been difficulty in
obtaining real time fault information that would be helpful in identifying and locating
system faults. Although information was available within some protective relays and
system disturbance recorders it was not easily and remotely accessible other than
from Transpower’s offices in Wellington and then only by the protection specialist.
Information such as the type of fault, the phase the fault occurred on and the distance
to the fault are essential to those investigating the fault and or those patrolling the
overhead line in search of the fault. All this information is available in modern
protective relays and system disturbance recorders and can be obtained remotely.
Such access should be made available to those who will be required to investigate

and locate system faults.

In many locations the environmental conditions in which the assets operate are
extreme. Seismic areas, high atmospheric sulphur and salt spray leading to very

aggressive corrosion, all result in additional maintenance, refurbishment and
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replacement needs. It is viewed that there is an immediate need to develop
replacement criteria that can be used to establish a detailed Asset Health Report and
a replacement plan that identifies specific candidates for replacement. At least since
1990 the Transpower policy seems to have been a refurbishment and maintain
solution rather than a long term replacement programme. Operating to failure and
relying on repair and refurbishment is not sustainable and will eventually come to a
point where it will be extremely difficult to recover and implement an effective
replacement programme. A lack of Strategic Spares, especially given long lead times

for ordering equipment such as transformers, is also unsustainable.

The maintenance policy follows industry best practice of time based condition
assessment; however, it seems that a large amount of resource is given to carrying
out the condition assessment. Although this exercise has not specifically looked at
routine maintenance activities in detail, a few that have been observed are
guestionable as to their overall value. Some examples include the level of overhead
line inspection, the lack of overhead line thermo vision surveying, and transformer
winding testing. A detailed re-assessment of maintenance activities to assess their

value and contribution to asset health assessment would be advisable.
10. RECOMMENDATIONS

Short Term Actions
1. Review the Transpower/contractor interfaces.
2. Review the contractor’s drivers for innovation.

3. Review the Oil Test laboratories testing method with the intent of

establishing a standard test method.
4. Consider involving Transpower staff in commissioning.
5. Re-evaluate the need for transformer winding testing.
6. Review the level of overhead line inspections, patrolling and climbing.

7. Re-address the painting of the transmission tower and paint those first that

are in better condition.
8. Aggressively plan the refurbishment of the grillage foundations.
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10.

11.

Establish thermo vision surveys of overhead lines with the lines loaded to

50% or above.

Investigate data handling tools for asset management that complement
MMS and which are consistent across the business.

Investigate and establish mechanisms that will enable condition data

trending, in particular for Oil DGA’s, Oil IR’s and asset operations.

Medium Term Actions

1.

Establish a process for plant status reporting; production of an annual

asset health review and asset replacement plans.

Critically review the required level of strategic spares in asset categories

of transformers and circuit breakers.

Review the need for the present transformer refurbishment project. Is it

cost effective? Does it extend life?

Review the condition assessment criteria, specifically the data captured; Is
it the right data? Does it lead to knowledge of asset health and risk

exposure and does it generate action?

Establish where Transpower wishes to be with respect to what is held in-
house as core activities and what is contestable (non-core activities).

Define business model.

Provide remote access to the fault data residing in protective relays and
system disturbance recorders to those who will be expected to investigate

and locate system faults.

Establish a methodology for assessing and negating the individual risk to
personnel and the public when operating systems or equipment that is

either outside of its maintenance period or that is under distress.

Scope out an assertive replacement plan for the old assets including
circuit breakers, minimum oil, bulk oil, air blast circuit breakers and power

transformers.

Review the engineering and procurement policy for the procurement of

major assets.
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10.

11.

12.

Investigate possible asset management systems that could be appropriate

for Transpower.

Make MMS less bureaucratic or at least provide administrative resources

to free engineering resources.

Review the need for the three transformer refurbishment centres whilst

considering the need for a repair facility.

Longer Term Actions

1. Review the possible options for reducing the diversity of system voltages.

2. Taking into consideration manufacturing lead times and in-house
refurbishment abilities, establish the appropriate level of strategic spares.

3. Establish and enact a plan to capture the knowledge of the workforce by
the preparation of detailed work specifications (HOW documentation) that
can be used across the business. Transpower should take control of these
documents.

4. Undertake a detailed re-assessment of maintenance activities to assess
their usefulness and remove those that do not add value.
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APPENDIX A

Review of Transpower New Zealand’'s Maintenance

Practices and Expenditures — Terms of Reference

Transpower is the owner and operator of New Zealand’s National Grid, the reliable
operation of which is critical to the economy of the country. It is therefore prudent for
Transpower to periodically review maintenance practices and associated expenditure.
The review would assess AC assets maintenance inspection, repair, refurbishment
and replacement practices at both the asset category level (e.g. circuit breakers,

disconnectors, transformers, structure, conductors, etc.) and at a station/line level to:

Assess whether these are sustainable in terms of delivered system reliability,
asset maintainability and customer expectations;

Advise on the implications of existing practices on the long-term performance;
Report on any issues surrounding, and consequences of, continuing with the
current approach;

Advise on the appropriateness of the current level of maintenance expenditure
and

Recommend alternative approaches to implement sustainable best practice.
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APPENDIX B

DuPont Maintenance and Reliability Best Practices

BEST PRACTICE KEY ELEMENTS
Improving the Failure Analysis
Effectiveness of Existing  Reliability Improvement
Equipment and Systems  Continuous Improvement of Production Capability
Tracking Performance Improvement
Development of Reliability Improvement Skills
Optimizing the Equipment Design and Selection
Effectiveness of New Improving Reliability and Cost Effectiveness
Equipment and Facilities Site Operations Planning for New Facilities
Equipment Installation
Check-out, Turnover and Commissioning
Equipment Performance Equipment Ownership
Ownership Operating and Maintaining Responsibility
Teamwork and Networking
Organizational Capability Alignment of Vision, Strategies and Goals
Critical Operating Tasks
Improving Organizational Performance Through Measurement
Roles, Responsibilities and Accountability
Assessment of Processes, Behaviors and Physical Environments
Building Knowledge and Assessment of Knowledge and Skill
Skill in People Acquisition of Knowledge and Skill
Operational Discipline
Maintenance Efficiency  Maintenance Management Systems
and Effectiveness Routine Planning and Scheduling
Shutdown Planning and Scheduling
Materials Management
Preventive Maintenance
Predictive Maintenance

Supplemental Maintenance
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*APPENDIX C

Overhead Line Routine Inspection Comparisons

Activity TP’s “BP” Comments
Frequency Frequency “BP’s”
Foot patrol 6 months 2 years
Foot patrol on Strategic 6 months As required The frequency of inspection
routes and vulnerable or more based on the situation and
sections & towers frequent? experience, to be set
locally.
Helicopter visual patrol Not 1 year
scheduled
Helicopter infra-red patrol Not 1 year On lines where few
scheduled problems are found
consideration should be
given to reducing the
frequency of inspection.
Climbing Inspections 7 years As required Sample inspection to
assess condition & the
production of the Route
Asset Status Reports.

Note: TP — Transpower

BP — Best Performer
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*APPENDIX D

Examples of Utility Asset Financial and Technical L ives

FINANCIAL LIFE TECHNICAL LIVES
TYPE OF
EQUIPMENT EARLIEST ANTICIPATED | LATEST ONSET
ONSET of LIFE of SIGNIFICANT
SIGNIFICANT UNRELIABILITY
UNRELIABILITY
OVERHEAD LINES
Towers 80 80 90 100
Conductors 25 20 25 30
Fittings 25 20 25 30
Insulators 25 20 25 30
CIRCUIT BREAKERS
ABCB's 40 45 50 55
OCB's 40 50 55 60
SFs 40 40 45 50
Disconnectors 40 55 60 65
TRANSFORMERS 55 55 60 65
CABLES 55 55 60 65
PROTECTION 15 15 20 25
CONTROL 15 15 20 25
INSTRUMENT TX's 40 40 45 50
AUX EQUIPMENT 40 55 60 65

Financial Life — The range of lives given over which the assets will be depreciated.

Asset Technical Life - The range of useful life for each equipment type based on experience of equipment failure and understanding of

deterioration processes. This is the key factor used for asset replacement planning and is used in conjunction with asset age and specific

condition assessment information, where available to predict the useful remaining life.

Earliest Onset of Significant Unreliability

Anticipated Life - When 50% of the equipment has reached a state where it requires replacement.

Latest Onset of Significant Unreliability

Maintenance Review for Transpower New Zealand
Copyright © 2008 E. I. du Pont de Nemours and Company. All rights reserved.

- When 2.5% of the equipment has reached a state where it requires replacement.

- When 97.5% of the equipment has reached a state where it requires replacement.

Page 33




*APPENDIX E (i)

Example of a Maintenance Policy Extract.

1. Pneumatically Operated SF6 Circuit-Breaker

Item Activity Maximum | Maximum Functional
Interval Operations Specification
and Comments

1 Operation 1 Year -

Pressure System i Statutory, accord
2 Inspection 72 months with WSE

Basic Functional Spec
3 maintenance 6 Years i SF6CBF1

: Test SF6 Gas;

4 Routine 6 Years - SE6CBE?
5 Intermediate 9 Years i Functional Spec

maintenance SF6CBF3

Major Functional Spec
6 maintenance 12 Years | 2000 SF6CBF4
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*APPENDIX E (i)

Example of a Functional Specification.

1. Functional Specification SF6 Circuit-Breaker S~ 6CBF1

No Iltem

Scope

1 | Pre-Maintenance Inspection

Non outage checks: visual examination,
No. of ops, pump running hours, hydraulic
oil levels/pressures/leaks, SF6 gas density.

2 | Pre-Maintenance Testing

Diagnostic tests: Timing, micro-ohm
resistance, capacitor values, nitrogen pre
charge pressure, pressure
gauge/transducer/switch control and alarm
functions, hydraulic oil moisture, relief valve

Marshalling Kiosk/Supplies
Pillar

Check/maintain: multi-core terminal blocks,
wiring, fuses, links, socket outlets, cabinet,
doors, weather seals, heater

4 Local Control Cubicle

Check/maintain: multi-core terminal blocks,
wiring, fuses, links, socket outlets, cabinet,
doors, weather seals, heater

5 Mechanism

Check/maintain: actuator, linkages,
auxiliary switches, indicator, heater

6 | Interrupter Units

Check/maintain: capacitors, bushings,
primary connections

7 | Primary Insulation

Check/maintain: support insulators, stress
control rings

Post-Maintenance
Inspection

Non-outage final checks: visual inspection,
No. of ops, pump running hours
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*APPENDIX E (iii)
Example of a Detailed Work Specification.

WORK SPECIFICATION

WORK SPEC NO.: XXXXX
TYPE: NEI-REYROLLE 145kV SPL1 GCB (DDM mech).
ACTIVITY: BASIC MAINTENANCE

CONTENTS

0] Definitions

(i) Safety Procedures

(iii) Hazards for Risk Assessment
(iv) General Instructions

v) Special Tools

The following items are covered by this Specificati on:-

Pre Maintenance Inspection

Pre Maintenance Testing
Marshalling Kiosk/Supplies Pillar
Local Control Cubicle

Primary Insulation

Post Maintenance Inspection

REFERENCES

NEI-Reyrolle Installation, Operation and Maintenance Schedule IOMS 930 145kv SPL
(DDM Mech)

NEI-Reyrolle Installation, Operation and Maintenance Schedule IOMS 1002 145kv
SPL1A(c) (SDM mechanism).

APPROVED BY

DATE:- xxxx ISSUE NO. Y PAGE 1 of 18
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*APPENDIX E (iv)

() DEFINITIONS

WARNING: This is given where failure to comply with its instruction could result in injury to
personnel.

CAUTION:  This is given where failure to comply with its instruction could result in damage to
equipment or pollution of a system.

KEYWORDS:

CHECK:

0] READ - Used where readings from instruments, gauges or indicators are to be
retained.

(i) MEASURE - Used where a physical parameter is to be obtained and recorded.

(iif) EXAMINE - Used where a subjective estimate of condition is required.

(iv) ENSURE - Used where a definite result is required from, and specified in, an
activity action.

(V) VERIFY - Used where confirmation of a condition specified in the activity is
required (visual only).

(vi) INTERROGATE - Used where a response to a command is gained from
intelligent equipment.

(vii) LUBRICATE -Apply specified lubricant according to maintenance documentation.

(viii) CLEAN - Using specified materials to remove contaminants and bring back to an
accepted service condition.

(ix) SERVICE - Using specified materials and maintenance documentation to bring
component to an acceptable service condition.

(x) CALIBRATE -Used where comparison and adjustment is required against
recognized standard.

(xi) REFURBISH -Using specified materials and maintenance documentation to
bring component back to as-new condition.
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*APPENDIX E (v)

(i) SAFETY STATEMENT

1. Before commencing work, all staff must agree with the person setting them to work, the
requirement for Safety Documents , General Safety precautions, safe methods of work

and appropriate reference documents.

2. Some of the work may only be carried out under a PFW.

(iii) HAZARDS FOR RISK ASSESSMENT

a)  SAFETY

Safety Risk Assessments of work under this specification should consider the following hazards
relating to the work content, in addition to site specific hazards identified locally. Precautions

should be taken in accordance with local procedures.

HAZARDS

Pressurized SF¢ gas within the equipment

HV System

LV Equipment (including lighting, heating and motive power supplies)

Power operated moving parts after Restoration of Motive Power

SF6 arc de-composition products within the Interruptor bushings
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*APPENDIX E (vi)
b) ENVIRONMENTAL

Environmental Risk Assessments of work under this specification should consider the following

substances relating to the work content, in addition to site specific hazards identified locally.

SUBSTANCES

Cleaning Solvents

SF6 arc de-composition products within the Interruptor bushings

(iv) GENERAL INSTRUCTION

1. If settings are found to be outside the tolerances stated the SUPERVISOR should be

informed immediately.
2. The Circuit Breaker must be left in the OPEN position on completion of work.
3. Do not purposefully discharge SF6 gas into the atmosphere. SF6 is recognised as a

greenhouse gas and all gas removed from the circuit breaker must, where reasonably

practicable, be recycled by use of SF6 gas handling equipment.

(vy  SPECIAL TOOLS

CSD Type CBT 4 circuit breaker

Gas dew point testing equipment

Oxygen analyser

Gas acidity measuring equipment

Air pressure test rig, or equivalent, (dead weight tester),(0-10 bar and 0-30 bar).
Standard Pressure Gauge SF6

Standard Pressure Gauge Air

Maintenance Review for Transpower New Zealand Page 39
Copyright © 2008 E. I. du Pont de Nemours and Company. All rights reserved.



*APPENDIX E (vii)

NO WORK REQUIREMENTS
VALUES/LIMITS/
MATERIALS
1 PRE MAINTENANCE INSPECTION
11 Visual Examination
NOTE: This includes any supporting structure(s) and ancillary equipment.
(0] Examine the equipment for any obvious defects.
(ii) Examine condition of paintwork/galvanising.
(i) Verify all external labeling is secure and legible.
1.2 Initial Readings Record
(i) Read the operations counter (where fitted).
(ii) Read compressed air pressure. 14.0 Bar g.
(iii) Read the ambient temperature. T
(iv) Read SF6 gas pressure. 7 barg @ 15 ¢ (7.0 bar + 0.0385 bar per € above or below 15 ).
1.3 Leaks Report
@) Verify no air leaks are detectable.
(i) Examine recent SF6 gas pressure readings to confirm no gas leaks are indicated.
2 PRE MAINTENANCE TESTING
2.1 Prepare for Timing Tests
So on to item 6
6 POST MAINTENANCE INSPECTION
6.1 Visual Examination Report
@) Verify no air leaks are detectable.
(ii) Verify detent in service position, withdrawal tool removed. Report
(iii) Ensure all tools, materials and equipment are removed and that all covers,
hatches and doors are closed and secure.
6.2 Final Readings Record
(i) Read the operations counter (where fitted).
(i) Read compressed air pressure. 14.0 Bar
(i) Read the ambient temperature. T
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*APPENDIX E (viii)

DETENT IN THE SERY¥ICE POSITION
DETENT FULLY ENGAGED DETENT FULLY WITHDRAWN
H 1 =

L7

MAINTENANCE FOSTION

= DETENT IN THE MAINTENANCE FOSITION
o -
4 . SERYICE POSITIONS

POSITION
OF DETENT

Fig.2 - Detent and Detent Indication
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*APPENDIX E (ix)

WORK SPEC. NO: XXXXX

WORK SPECIFICATION

CHANGE CONTROL SHEET

TYPE: NEI-REYROLLE 145kV SPL1 GCB (DDM mech).

ACTIVITY: BASIC MAINTENANCE

ISSUE DATE AMENDMENTS SECTION RESPONSIBLE
NO.
2 22.08.97 | Re-written by author Area A
3 01.01.99 | Instruction not to purposefully discharge SF6 | General B
to atmosphere added. Instruction
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