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HV Underground Cables

The challenge of information

 Failures cause significant negative impact
on network performance

« Ageing assets of different types and quality
« Difficult to manage an asset without any
data, make best use of data that we do

have

« Typically limited condition data is available
for cables




Condition Assessment




Condition Assessing

For many projects, the following condition monitoring tests are
conducted;

Offline Partial Discharge testing
Offline Tan Delta Testing
Offline LIRA Testing

IR and Sheath Testing

Online Partial Discharge testing
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Offline PD Testing

The Offline Partial Discharge test results are broken into
the following condition brackets;
« No PD (confirmed)

 Low

*  Medium

« High (Not Confirmed)
« High (Confirmed)

XLPE PILC

PD Level Cable Accessories Cable Accessories

2,500- 4,000-

Som e concern - monitor Ideally PD free | 500-2,500pC 7,000pC 10,000pC
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Offline Tan Delta Testing

The Tan Delta test results are broken into the following
condition brackets;

* No Action Required
» Further Study Advised

« Action Required

* Repair before Reinstatement

I'D Temporal stability Differential TD )
g2 (measured by standard i A - Mean TD
Condition Pl (difference in mean TD) i
W deviation) . . at 2U,
assessment E between 2Ug and Uy =3
at Uy 110°] 107
1107]
el g <05 and 201020 and | <50
Required
. . -20to-50
;ﬁgdbmd) 0.5t01 or or or 50 to 100
) 20 to 50
Action
> <5 >48 >
Required 1 or 50 or =50 or 100
TD stability (measured Differential TD Mean TD at
by standard deviation) (difference in mean 2U,
Condition assessment at Uy TD) between 2U, 11073
1107 and Uy
1107
No Action Required <0.1 and <0.6 and <12
Further Study Advised 0.1to 0.5 or 06 w1 or 12102
Action
=05 = =2
Required 0.5 or 1 or
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Offline LIRA Testing

What can it find?

Global insulation degradation

High temperature damage

Moisture damage

Radiation damage

Mechanical effect/defects
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Online PD Testing

The online Partial Discharge test results are broken into
the following condition brackets:
* Red

«  Amber

« Green
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Visual Inspections of HV Cables

The visual inspection results are broken into the following condition brackets:

* No Deterioration
e Limited Deterioration
*  Moderate Deterioration

«  Substantial Deterioration

Visual Findings can include:

* Incorrect Terminations

+ Failed Cable Clamps

* Damaged Cable Trays

«  Cables fallen from Cable Trays

* Corroded Cable Screens/ Glands/ Lugs
«  Punctured Outer Sheaths

* Qil/pitch leaks

« Bend radius issues
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Estimate Remaining Life of
HV Cables




What is CBRM?

Methodology Development

2015-16 2019-20 2023-24

. BRM f
Creation of ¢ Used for

All GB DNOQ's Development Development Development
CBRM Regulatory

using CBRM of CNAIM v1.1 of CNAIM v2.1 of CNAIM v3.0

Settlement

Supporting Supporting Supporting
Regulatory Regulatory Regulatory
period ED1 period ED2 period ED3
2015-2023 2023-2028 2028-2033

Business As Usual Software and Processes
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Where is it used?

« Based on over 50 years of The CBRM Methodology has been used
experience to model assets worldwide.

« 420 years in development

« Refined though R&D and Failure
investigation experience

« +/0 global utility clients

This includes:-

« +600,000 HV Switchgear
+32,000 Km of Cable
« +150,000 Transformers

UK (de facto standard)

Australia ¢ 43,300 Km of Tower Lines

Middle East » +37,000 Km of Wooden Pole

Far East Lines

Canada

China « Models developed for every asset
type
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Health Analysis

« Using all available information to
determine what stage of its
lifespan each HV cable is at

 Primary factors;

1.

N0 g K~ W N

Age

Condition Monitoring results
Cable Loading

Cable Voltage utilisation
Cable Location

Installation method

Comparison to specs, ratings etc

Probability of Failure (PoF)

but no significant increase

Measurable deterioration,
in PoF

Good or
serviceable
condition

Onset of detectable
deterioration, small
increase in PoF
Significant deterioration,
significant increase in

Evidence of . degrad
' the onset of | consi
 degradation ' refurbis

I'“Lim

Health Index
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Health Score Methodology - Cables

Duty Factor

Initial Health
Score

Measured Heath Score Health Score I tL?feEnd o
Modifier

Condition

Fault History Rl\ig?jibgi“et?/

Partial discharge

Sheath Test
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Cable Residual Life

« Once the health index of a cable is known the residual life can be estimated

« Residual life is based on assumed asset life
« Traditionally based on manufacture recommendations
« (Can be altered based on previous experience

Cable Residual life Scenarios

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 4
Cable Number

W Years to EOL (Do Nothing) m Years to EOL (Complete Recomendations) zq
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Modelling Proactive
Maintenance




Current vs Future Health Index
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Introducing Risk

The network analytics followed the following process;

1. Determine the HV Cable Health

2. Find the Probability of the HV Cable Failing

3. Find the Consequences if the HV Cable does go to failure
4. Develop the Risk Model
5

. Use the model to forecast potential scenarios
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Health Index Probability of failure Consequences Modeling
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Risk Analysis

« Network risk analysis combines asset health with network data

« The model identify and quantifies the costs associated with cable failures, including
Network performance
Direct financial costs
Safety implications
Environmental costs

« Risk can be modelled or forecast using the aging factors of the health index

PROBABILITY

x CONSEQUENCES
of failure

of failure
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Risk Analysis - Interventions

» Risk can be calculated per HV cable
« Reduction of risk via interventions can be shown

« Used as justification in planned works

Cable Risk Reduction by Interventions
$250,000
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Financials over time

Year 1 Vs Year 10 Risk (No Intervention)
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Conclusions

» Use the data we have, and the data that we can obtain to determine health
« (Calculate end of life based on an asset management methodology
« (Calculate the risk based on PoF and Consequence

« Modelling intervention scenarios can show the direct financial impact of
Interventions

« Trending future Asset Health & Risk can be used to build maintenance programs

 Risk reduction scenarios can be used in justification for planned works or
Mmaintenance
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With you today

Brad Monaghan
Brad.Monaghan@eatechnology.com
+61 7 3256 0534

www.linkedin.com/in/bradley-
monaghan-partial-discharge/

EA Technology Australia
381 MacArthur Ave
Hamilton QLD 4007

www.eatechnology.com.au
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