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Introduction

« Kewen Kueh — Power Assets Fleet Manager, Powerco

» Overall responsibility for maintenance & renewal of Power Assets Fleets

» HV substations (Transformer, Switchgear, Grounds)
« HV & LV Underground cables

« NZB1 WG3 - Cable maintenance, testing and condition assessment
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Summary

“What does Quality Assurance of insulated cables mean?”

« The Why - Asset life cycle management

» TB787 — ISO Series 55000 standards, implementation and information
guidelines for utilities

« The How - Cable Maintenance strategy development
» TB825 Maintenance of HV Cable Systems

« The What — Case study (application of PDCA cycles) & Tools
» TB728 PD assessment Diagnostic tools




The Why

For power system capertise



9/

The Why: Asset life cycle management — Guidelines (TB787)

“Asset Management involves the balancing of cost and risk
opportunities against the desired performance of assets, to achieve
the organizational objectives. The balancing might need to be

. . ‘ ) Power system
considered over different timeframes development and

« Many are moving to the ISO 55001 system for asset management. economics

« ISO management standards are industry agnostic :

* Provides:

* an overview of asset management

» a clause-by clause review of ISO 55001 that offers an
interpretation in the context of electrical utilities

* asurvey on the progress and intentions of utilities regarding

!SO S0 : . ISO series 55000 standards:
* in-depth case studies listing the processes and IT systems put - \ .
in place Implementation and information
102 guidelines for utilities
Reference: 787
2019 release - free to members December 2019

e-cigre > Publication > ISO series 55000 standards: Implementation

and information guidelines for utilities o
7 Y cigre
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https://e-cigre.org/publication/787-iso-series-55000-standards-implementation-and-information-guidelines-for-utilities
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The Why — Powerco example

 Powercois a NZ 8as & electricity utility,
supplying 344,000 residential homes,
commerical & industrial businesses

* About 25% of NZ population
e 22,000 km of Overhead Lines up to 110kV

« 7,000 km of cables up to 110kV, primarily urban
networks in Tauranga, Palmerston North etc.

Coromandel to South Waikato
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80 million European households struggle to stay warm. Rising
energy costs will make the problem worse

By Walg Azeez, CHNN Business

News Opinion Sport Culture Lifestyle

Updated 1406 GMT (2206 HKT) October 1, 2021 . . ; . . ;
Business k Economics Banking Money Markets Project Syndicate B2B Retail
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COST OF LVING @ GMT poverty, and Peter Carter on poor people being ripped off by
energy [irms
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Cost of living: New Zealanders
| struggling to get by say Government

Price vs. Quality tradeoff
tax cut not enough
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The Why — Powerco Example

ASSET MAMNAGEMENT OBJECTIVES

Set high-leved goaks and targets lor our assets

Customers and Wie prosicle &n e=sential sendos 1o our communities, We do
Community this buesed on cur customens” mguinements and profersnoes.

By refleching thes i oour assel managemant, we engurs thal wa have ..

Metworks for We will continue lo develop saciume and anduning alectmcty
Today and supplies that wil meel our customens” energy nesds
Tomorrow refiabily and efficiently, now and in the fulume,

T ksap our network perlorming &8s designed, we will promole excellencsin ...

Table 20.1: Cables portfolio objectives

Assot We operate a large number of diverse assels, which we wil
Stewardship manage efficiently and keap in good haslth,

ASSET MANAGEMENT
OBJECTIVE

Safety and
Environment

Customers and
Community

Networks for Today
and Tomorrow

PORTFOLIO OBJECTIVE

Mo public safety incidents from contact with our cable network.
Minimise oil leaks from pressurised oil-filled cables.

Minimise traffic interruptions when managing cable assets in road
reserves NZUAG.

Investigate the use of real-time cable ratings using distributed
temperature sensing.

MNew cable sized to meet future demand

Asset Stewardship

Maintain the failure rate of cable assets at or below target levels.

Proactive testing and renewal work on critical circuits

By achving all ol this, we will ensure the highest level of ...

| Giood assat managameant halps us daliver a cosl-eflective
Opera saip, and relable sersce fo our customars, We conbinuocslhy
Excollence

improve &nd develop aur peopla, Systems and processas,

Powerco 2021 Asset Management Plan

Operational Excellence

Improve our knowledge of the LV cable fleet.

For power system expertiss
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The Why — Powerco Example

11 year HV Cable faults by age (2007-2018) excl. third party

EEA Security of Supply
Guideline (2013)
4 failures/100km/y
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Quality Assurance of insulated cables — a perspective
NZ B1 Webtute 29 March 2022

11kV HV cable faults by year (2008-2020) excl. third party

HV Cable Faulkts /100km
L
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The How - Cable maintenance strategy development

lable 3-1: Breakdown of direct maintenance cost by

Transmission equipment G
Predictive Maintenance 54
Corrective Maintenance 18
Refurbishment 20
Others 9

G = general, 5 = switchgear, Tr = transformer, L = line, T = tower, Ca = cable, P = protection, Co = control

s TOr different transmission egquipment

S

=¥

1/

17

9

Tr

50

23

18

8

L

36

29

29

6

T

35

26

35

4

Ca

24

45

24

7

p

af

18

13

11

40

32

12

19

. CIGRE Report 2000 “Questionnaire on Maintenance Policies and Trends” (/WG 23/39)

Cable assets have a
disproportionate cost of
reactive repairs vs.
proactive maintenance

Improvements in
diagnostic/testing
technologies provide an
opportunity to move
towards predictive

Increases in PM costs
should leave to lower CM
costs, and lower costs to
customers overall

@ agre
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« Update of the TB 279 which includes more updated technologies
and practices for Maintenance.
» Covers all cable types, incl. submarine and land cables*
« Existing Maintenance practices and Strategies
Monitoring and diagnostics
Spare part management, emergency preparedness and training
Cost of Maintenance
Remaining life
Future developments / big data
Case studies

*Note — focused on >36kV

. 2021 - free to members
e-cigre > Publication > Maintenance of HV Cable Systems

The How: TB825 - Maintenance of HV Cable Systems

'ECHNICAL BROCHURE

Insulated cables

Maintenance of HV Cable
Systems

Reference: 825



https://apc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fe-cigre.org%2Fpublication%2Fwbn037-maintenance-of-hv-cable-systems&data=04%7C01%7CKewen.Kueh%40powerco.co.nz%7C853063c4205444d85acd08da01425eeb%7Cd054de2b579e4fd684faad3da6895565%7C1%7C0%7C637823681823852266%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=pD833Vw%2B%2FMkmb8rPFs83HS6%2BDieK01AN%2Fb2VjM9v%2BNw%3D&reserved=0
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The How: TB825 (2021) Webinar

Underground Cable Systems: Gener

e

Underground Cable Systems

e 5 Maintenance D
Awvoiding Third Party Damag

* Fenodic chec
= Sheath/Serv
» Mainly visual I~ = SVL testing
* Damage/wear/defects * Screen currer
* Cable movemeant MEaSUremen
* Hotspots/Corrosion « OTS, PD, Tan
\ . =

« All types reguire competent, trained personne

Inspections
» Cable and accesories
» Earthing and bonding

Providing proper information
(e.g. dial before you dig)

A, U A

Maintenance types
Periodic * Transition from periodic intervals towards on-

#Time-based maintenance (T Patrolling

: Transition from time based maintenance to o
a specified predetermined sn*'.r.l

»Condition based maintenanc
based on the present condition

@agre

The cable system is also subject to natural threats such as hydrodynamics,
change of seabed morphology, corrosion, earthquake, ete...

Maintenance on Submarine Cable Systems

+ Dverview of activities to control cable protection and health, such as:

+ Offshore geophysical surveys

» |[nspections at landfalle & offishore
platiorms

= r-,']c:r'-llr:-rlr'g

+ Additional or remedial protection works

A

Monitoring and Diagnostics

maonitoring ) of the component («
»Predictive Maintenance, n
camed out to determine wh
avoid failures in service ‘
#Probabilistic approach, this method takes into account several parameters,
such as asset condition, maintenance costs, importance of the asset, risks

#Corrective maintenance (CM), to repair or replace broken items

......

Mlonrtoning

For power system expertise
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The How: TB825 Monitoring/Diagnostic approaches — maintenance costs

Table 7-3: Overview of diagnostic techniques
Diagnostic Technique  Monitoring  Cost Level AC oC
/Diagnostic (Chapter 9.3)
Land submarine/Subsea Land submarine/Subsea
¥LPE PILC SCFFf GP  XLPE SCFF/ XLPE MIMD SCFF/ XLPE MIND SCFF/
HPFF HPFF HPFF HPFF
AC Voltage Test on Main D L1-L6 X X X X X X - - X - - -
Insulation
PFD Measurement /D L1-L& X X X X ¥ X . - - -
(online, offline,
maonitoring)
DC Voltage Test on Main D L1-L4 - X X X - X X X X X X ®
Insulation
DC insulation resistance D L1 X X X X X X X X X X X X
measurement
Dissipation Factor D L1-L3 - X X X - X - X X - X X
Measurement (Tan
Delta)

) cigre
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The How — Understanding failure modes & effects (Example)

(9)

From TB279 - Chapter 5:

k. 6 ltem Event/cause

Assembly error causing local
increase of electrical stresses

Consequence

Electrical treeing through

partial discharge

Probability of
occurrence

Medium

(10)

Assembly error of joint connector

Local overheating and insulation Low

damage

(11)

Assembly error leading to
imperfect sealing

Water penetration causing
reduced material properties

Low

w ‘4’ CIgl'e
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The How - Understanding detection methods (Example)

Applicable TB 279 Chapter 6 Diagnostic Tools: UNL Example

(3) Tan delta measurement

Ingress of water in insulation area
Tracking in joints

Tool Events/cause detected

(5) Partial discharge measurement

Defects and deterioration of insulation
Assembly errors in accessories

500
450
400
350

300
250
200
150
100

50

0 >
0 1 2 3 4 5 6 7 8 9 10 11
Voltage [kVrms]

TD Value [E-3]

| Phase A ®— | | Phase B ®— | [Phase C —o— |

Mlax PO scale = 11500 pC
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The What: On-site Partial Discharge assessment
of HV and EHV cable systems

« Partial Discharge (PD) measurement is a proven diagnostic method
for insulated cables and accessories.

» PD detection sensitivity has improved for use in noisy environments

« Many more new cable system installations are viable

« Good experience in identifying defects in new installations

« OQutlines the findings and associated recommendations and allows to
consider the most suitable testing parameters in site conditions

2018 release — Free to members
e-cigre > Publication > On-site Partial Discharge Assessment of HV and EHV

. Cable Systems

728

ON-SITE PARTIAL DISCHARGE ASSESSMENT
OF HV AND EHV CABLE SYSTEMS

WORKING GROUPF
BE1.28

MAY 2018

cigre
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https://e-cigre.org/publication/728-on-site-partial-discharge-assessment-of-hv-and-ehv-cable-systems
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The What: Testing parameters

Test qualty of nstalation Test qualty of cable
60 1
S0 4
40
i * Quality of installation
§ - —
E 52 4 Test quality of accessories Test part of company QA prog DeCl’eaSing ° Qua“ty Of accessories
= order of _
304 H importance: ° Qua“ty of cable
20
10 1 .
o L5 : N A . . : — » Testing part of
o o I o oo o &2 o
g ﬂpo*"' ‘hﬁﬁpﬁ' w S ﬁ‘pﬁ -.,tf@o& xﬁpﬁ' e \S‘“djﬁ company QA Prog
e w wet w*
Importance
. Figure 2.3: Relative importance of PD testing - Significant Reasons

For power system expertise
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LA &

Location of joint
failure 2021

- 4 ,-"'._I' ‘;’

Location of cable /"j » & e
strike 2019 _

Quality Assurance of insulated cables — a perspective
NZ B1 Webtute 29 March 2022

Case Study — Submarine cable failures

Repair Cost

($)

Repair Time
(weeks)

Details

Catch fish,

not cables this summer.

$150k (Temp) $300k
$600k (Final)

6 weeks (Temp) 6 weeks
27 weeks (final)

No Spares &

spares/materials  service
provider
arrangements

wcigre
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Case Study — Application of TB825 reference

Finding #1: Cable strike was possible due to exposure

Section 5.1.2.1 Offshore surveys

« ‘it is advisable that cable system owners maintain up-
to-date cable system records, charts etc, to a
reasonable level of accuracy taking into account the
dynamics and properties of the seabed”

>We are now undertaking underwater surveying to
identify when cables may be exposed

> We are also looking at physical protection methods
where large seabed movements are likely/expected

Finding #2: Plans for spares & repair approach are essential

— -, -

5.2 Corrective maintenance on submarine cable
systems (Page 44)

“Further to pinpointing of the fault, availability of
Jointing personnel and equipment shall be
assessed, followed by commence preparation of
spare cable transport logistics as well as stored
equipment and materials”

»
> We now hold appropriate spares @ﬂl
epair

trained service providers to carry r s.out= ..
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Case Study — Submarine cable failures

sl

aintenance
ELAricity
Maintenance 4 Reliability Centered Maintenance

Decision

=5 Failure effect
Asset criticality category
Corrective Preventive

Task logic Failure mode
F =" OurcurrentPosition | $
: | Condition Ageing models Failure rates 2
: 1 Periodic ! e FenE:tanad Based 5
Reactive 1 Preventative ! Reliability Centred e Historical =
. T . reshold limits ; = =
Maintenance i . 1 Maintenance Failure statistics 8
0 Maintenance 1 5
e o e e e e e e e e e e e e e ! (0]
o
B8
; Offline Online Material Expert 3
Inspecians Diagnosis Monitoring property knowledge 2
>3
changes o
=
) Performance — ﬁ
Ageing Failure (PF) S
mechanisms Intervals =

Screening Periodic Permanent
Measuring
parameters Stress factors

Asset criticality

i"
&

L

Increasing cost and accuracy

‘i
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Conclusions

 The Why — Strategic alignment/’Line of sight” - organisations need an
asset management system that links business objectives to the “doing”,
with a systematic Plan-Do-Check-Act cycle for continuous improvement.
« TB787 can provide some guidance here
 The How — For cable systems, considered application of diagnostic tools
can improve the whole of lifecycle costs to customers while moving to
more planned vs. unplanned outages
« TB825 (2021) provides guidance has a good overview of tools and
cost/treatment aspects to consider, when forming a strategy
.  The What — It is important to establish clear rules/criteria on actions to
take as a result of the maintenance strategy, so the benefits can be
realised, and likewise this is checked an reviewed over time
w ‘4’ CIgl'e
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NZ B1 WG3 Plug...online survey

CIGRE NZ B1 - Survey of cable testing in New Zealand

CIGRE NZ B1 WG3 is a New Zealand-based working group of utilities and test providers. Its purpose
is to understand and identify gaps or shortcomings in the area of maintenance and condition
assessment testing in the Mew Zealand context, and collaborate on solutions.

This survey will be used to help orient our activities to best support information sharing of best-
practice maintenance and condition assessment of MY cables. The deadline for completing this
survey is the 15 April. It is estimated to take 5-10 minutes to completa.

This survey is anonymous, however there is an opportunity to provide your contact details at the
end if you would like to become more involved.

cigre
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Thanks

Questions or contact me at
kewen.kueh@powerco.co.nz
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