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A. Summary

This Substation Report is for information only. To ensure safety precautions have been undertaken
to the satisfaction of Evoenergy. The developer is to undertake his own assessments prior to lodg-
ing a “Request for Preliminary Electrical Network” with Evoenergy and prior to lodging a D.A. with
EPSDD.”

This report summarises the calculated the Earth Potential, Touch and Step potential effects resulting from
an 11kV phase to earth fault at the Evoenergy padmount substation S9935, on the proposed Coombs Play
Space to be located on the foreshore of the lake (Section 52) along Edgeworth Parade. The substation is
located at the south western corner of Edgeworth Parade and Stan Davey Rise.

The author uses Advanced Grounding Concepts WinIGS finite element analysis software to model the
Earth Potential Rise, Touch and Step potentials emanating from the substation across the whole play
space. All 10 of the 11kV/415V distribution substations located around the Coombs precinct and
the interconnected district LV earthing (layout provided by Evoenergy) have been included in the
modelling. The assumed typical/standard earthing installation is to the requirements of AS3000 at the
Coombs Play Space i.e. a 1.2 metre earth rod outside the Site Point of Entry/Main Switch Board at the
south west of the Play Space. Two scenarios are investigated to determine compliance with the earthing
risk analysis of AS 2067:2016: -

i. For the probable (but not confirmed) existing substation separate HV and LV earthing arrange-
ment of all 10 substations.

ii. For a possible CMEN substation earthing connection of all 10 substations.
The outcome of this study is:
Separate HV & LV Earthing at all 10 Substations
iii. The Line-Earth fault current at the Substation 9935 HV Main Earth Bar is 627 amps.

iv. The Earth Potential Rise due to the substation’s HV earth mat is only 398 volts at the substation
HV Main Earth Bar. The earth potential falls to only 66 volts at the nearest point along the Play
Space fence.

V. The corresponding Earth Potential Rise due to the substation’s LV earth electrode is only 19 volts
at the substation LV Main Earth Bar. This voltage rise is transferred to the Play Space Main Earth
Bar, providing the reference voltage at any play or electrical equipment bonded to the Play Space
electrical system. The touch potential anywhere across the Play Space must be less than 56
volts

The computed touch potential plot shows the maximum is only 45 volts.

Vi. Therefore, an 11kV line to earth fault at S9935 produces no hazardous touch potentials
across any portion of the Coombs Play Space, thereby complying with the earthing re-
quirements of AS 2067:2016.

Combined (CMEN) Earthing at all 10 substations
vii.  The Line-Earth fault current at the Substation 9935 HV Main Earth Bar is 638 amps.

viii. ~ The Earth Potential Rise due to the substation’s HV and connected LV earth mats is only 104
volts at the substation’s HV and LV Main Earth Bars. The earth surface potential falls to only 32
volts at the nearest point along the Play Space fence.

iX. The substation LV Main Earth Bar EPR is transferred to the Play Space Main Earth Bar, providing
the reference voltage at any play or electrical equipment bonded to the Play Space electrical
system. A touch potential profile shows the maximum touch potential is 97 volts at the north west
boundary of the Play Space.

This is less than the maximum allowable limit (120 volts), thereby also complying* with the
earthing requirements of AS 2067:2016.

*The satisfactory performance of the earth system for the CMEN connection is subject to the
11kV fault clearance time at substation 9935. The author has assumed a calculated time of 0.8
second based on the parameters of Section B.(ii). If a CMEN earthing system already exists
across the Coombs precinct, or the decision is made to convert to CMEN, the actual clearance
time needs to be confirmed and if necessary, set to no more than 1.0 seconds to maintain com-
pliance with AS 2067:2016.
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B. Modelling

In determining the fault model using WinlGS, the author uses the following information gained specifically
for this project:

i. Soil Resistivity measurements carried out by Colterlec —on 17/7/2019 at the Play Space site; and on
6/7/2015 within the Coombs precinct.

ii. Feeder circuit/network maps provided by Evoenergy. The relevant information is:

Woden Zone Substation supplies the Coombs precinct. All cable and overhead line conductor
sizes and lengths have been gained from a layout map.

The Coombs 11kV feeder route from Woden Zone substation contains overhead line sections
which are 3 wire only (e.g. over Tuggeranong Parkway). This means that the only return path for
the fault current to the Woden Zone Substation transformer neutrals is via the soil.

With reference to the ActewAGL Electrical Data Manual (Doc. No. EN 4.04 P10 — pages 5, 8),
Woden’s Transformer capacity = 3 x 50 MVA ONAN (per transformer), 132/11kV, YNd1 configu-
ration, with the 132kV neutral of each transformer connected directly to earth.

With reference to Clause 5.8 of the newly released draft document “Distribution Earthing Design
Manual Appendix A — Evoenergy Distribution System”,

= The near (to Woden substation) line-earth fault current is limited to 3kA for each main trans-
former. To model this in WinlIGS, the author has used a 2.13 MVA zigzag transformer as the
neutral current limiting device connected to the 11kV delta secondary winding of each main
transformer.

= The 11kV fault clearance characteristic at the Woden substation is IEC Type A Standard curve
inverse time — based on 0.5s for 2.5kA and 1 sec for 300A. This curve is used to calculate the
fault clearance time in the Argon Software analysis of allowable Touch Potentials (refer Sec-
tion D).

= The standard operation of the Woden main transformers is separation of the 11kV secondar-
ies. Parallel operation occurs for very short periods (a few minutes) almost every day. How-
ever, Evoenergy considers the probability of coincidence with an earth fault at the distribution
substation to be small (negligible?). The author has therefore modelled the effect of an 11kV
earth fault at the relevant distribution substations on the Coombs Play Space based on a single
50MVA feeder supply from Woden Zone substation.

Conductor sizes along the feeder are shown on the WinlGS Single Line Diagram (Appendix C)
Standard screen sizing is 22.7 mm? per core according to the Olex 11kV cable catalogue.

Substation 9935 capacity = 500 kVA. All other substation capacities are shown on the SLD over-
view (Appendix C).

The local earthing layout of the 10 padmount substations and their respective HV and LV con-
nections are according to the following Evoenergy drawings:

= 392-8-01 (Padmount Substation HV, LV & Grading Ring Earthing Arrangement).

= D303-0009 (Standard Construction, Distribution, Underground, Stations, Sub-Assembly, SA,
Earthing, Separate Earthing HV and LV Padmount Substation).

= The additional deep electrodes shown on the drawing are 20 metres long.

= Substation canopy dimensions are approximately 3000 (L) x 1300 (W) x 1700 (H) for the
315kVA and 500kVA substations. The 1500kVA substation is estimated from Google Earth to
be 4000 (L) x 2400 (W) x 2000 (H). The transformer earth ring extends 1000 mm from the
canopy.

Computed HV electrode earth resistance of the 315 and 500kV substations is ~ 4.2 Q. For the 1500kVA
substation the computed earth resistance is ~ 3.9 Q.

The HV earth systems of all 10 padmount substations are assumed to be connected via the 11kV
cable screen conductors.
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The WinlGS modelling is according to the following flow process:

Vi.

Developing a 3-layer soil resistivity model from the test measurements (Refer Section C).

Preparing an electrical layout of all relevant substations. This is shown in the SLD (Refer Appendix
D1 for the Node Earth Potential Rise under a fault condition). These diagrams include lengths and
sizing of overhead lines and cables.

Preparing an earth system layout of the total Coombs precinct for the separate HV and LV earth
systems of all 10 substations and the district LV earth systems connected to each of the substations.
The district earthing layout is according to information provided by Evoenergy. This earth system
layout may be seen in Appendix B2.

Determining the safety performance criteria of the proposed Coombs Play Space earthing system
according to Section 8 ‘Earthing Systems’ and Appendix B — Substation Earthing Systems of AS
2067:2016, by using Argon software supplied with the standard. This is discussed in detail in Section
D of this report. Though the Argon software nominally determines a safe step potential limit, the
values are unbelievably large. The author has therefore chosen to use a value determined from
IEEE 80 criteria.

Computing the maximum earth bar potential rise and contour plots of equal touch, earth and step
potentials for the standard AS3000 LV earthing of the proposed Coombs Play Space located outside
the Main Switch Board at the south western end of the Play Space. Underlying these plots is an
image of the Play Space site to show where hazardous areas may occur under an earth fault condi-
tion.

Section E examines the performance of the standard AS3000 earthing arrangement for the Coombs
Play Space against the requirements determined in Section D.
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C. Soil Resistivity

i. At the instruction of the author and using the Wenner method, Colterlec took soil resistivity measure-
ments along 2 mutually perpendicular traverses at the site of the Coombs Play Space. Measure-
ments along a 150 metre east west traverse allowed for 50 metres probe spacing. However, along
the north south traverse the maximum probe spacing was only 16 metres due to the lake. The author
has therefore also referred to measurements taken in 2015 (by Colterlec). These measurements
were along 2 x 96 metre traverses with centre points 480 and 670 metres south of the recent meas-

urements. The Google Earth image shows the locations of both sets of measurements and the table

shows the soil resistivity measurements for each electrode spacing.

(o T .
— : & % > <

.‘L P

2k E of o

Apparent
Sample Probe Spacing Probe Length Resistance Resistivity
Number (meters) (meters) (Ohms) Ohm-Meters
1 0.50 0.05 22.47000 70.59200
2 1.00 0.05 7.05000 44.,29600
3 2.00 0.10 2.13000 26.76600
4 4.00 0.10 1.59000 39.96100
5 8.00 0.15 1.44000 72.38200
6 16.00 0.15 1.05000 105.56000
7 24.00 0.15 1.20000 180.96000
July17*| ¢ 32.00 0.15 0.61000 122.65000
2020 9 50.00 0.15 0.29000 91.10600
10 0.50 0.05 30.10000 94.56200
23 1.00 0.05 11.27000 70.81100
12 2.00 0.10 6.14000 77.15800
13 4.00 0.10 3.23000 81.17900
14 8.00 0.15 1.80000 90.47800
pE} 16.00 0.15 1.55000 155.82000
16 1.00 0.05 18.07000 113.54000
17 2.00 0.10 7.96000 100.03000
18 4.00 0.10 4.58000 115.11000
19 8.00 0.15 2.14000 107.57000
20 16.00 0.15 1.02000 102.54000
hﬂyﬁm 21 24.00 0.15 0.94000 141.75000
22 32.00 0.15 0.62000 124.66000
2015 |55 1.00 0.05 9.44000 59.31300
24 2.00 0.10 11.71000 147.15000
25 4.00 0.10 1.63000 40.96600
26 8.00 0.15 2.14000 107.57000
27 16.00 0.15 0.62000 62.32900
28 24,00 0.15 0.56000 84.44600
29 32.00 0.15 0.54000 108.57000
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ii. WinIGS has determined the following 3-layer soil resistivity model for the average of measurements
at each probe spacing along the 4 traverses.

iii. "This model shows using earth rods deeper than 6.5 metres will provide minimal improvement in the
performance of an earth system.

Case Name COOMBS-PLAYGROUND-EARTHING-STUDY
Description 11kV

Grounding System Grounding System / Geometric Model

Soil Resistivity Model “ Exp. Value  Tolerance at 90.0 % Conf.
Upper Soil Resistivity | 70.3 20.6 Ohm Meters
Middle Soil Resistivity | 271 4 k= 1772 Ohm Meters
Lower Soil Resistivity | 13.4 | Ohm Meters
Upper Layer Thickness | 8.6 t 6.5 meters
Middle Layer Thickness | 16.7 il 12.4 meters
Results are valid to depth of | 48.0 meters
Soil Resistivities Layer Heights
" Layer 1 i Layer 1 —
payerZ j Cayer 2
Layerd
10 L
2 2
£ £
w w
1 1
100m 100m
0.00 20.00 40.00 60.00 80.00 100.0 0.00 20.00 40.00 80.00 80.00 100.0
Confidence Level (%) Confidence Level (%)
' |
Rho Error: _ Height Error: |
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D. Determination of Touch Voltage Limit & Probabilistic Design Details
i. Argon Software
The author has used the Argon — Safety Assessment software made available with AS2067:2016 to
determine the allowable touch voltage limit and the probability of a fatality associated with this limit.
Input data applied to this software is determined as below. This software applies the deterministic
principles of ENA EGO for common scenarios:
. Fault Frequency at Substation 7756
From EGO, Table E2, the author has assumed an average of 1 line to earth fault every 10 years (i.e.
0.1 faults/year).
iii. Contact Scenarios
The author has selected an MEN scenario for the Coombs Play Space due to its connection to the
overall Coombs MEN network and therefore greater possibility of earth faults at other substations
having influence at the site. The probability of coincidence is chosen as Societal with a population
of up to 100. Based on this, the average contacts/year/person = 1500 and the average contact
duration = 4 seconds.
iv. 11kV Fault Duration = 0.6 seconds.
Based on the Evoenergy setting guidelines (Refer Section B) — i.e. clearance time = 0.5s for 2.5kA
and 1s for 300ms for tripping an 11kV fault at substation 9935 via the Woden zone backup circuit
breaker,
The necessary relay pickup current = 50A,
The TMS setting = 0.23,
The Circuit Breaker actuating time = 0.107s.
Applying the computed fault current 627A, the calculated fault clearance time = 0.8 seconds. This is
the backup fault clearance time the author has specified in Argon. It is the worst condition since the
expected fault clearance time of the primary protection at substation 9935 will be less.
V. Upper Layer Soil Resistivity =100 Q.m
Vi. Surface cover
The worse condition of bare soil is chosen due to the large playing area although the author
acknowledges the likelihood of rubberised safety ground cover which will increase the resistance
to hazardous body current.
vii.  Footwear.
Standard footwear is chosen.
vii. ~ Argon Output
(@) Fora maximum allowable touch potential for negligible risk = 120 volts
(b)  The probability of heart fibrillation at this voltage Prprilation = 1.33%
Conclusion

For the location of the Coombs Play Space relative to substation 5390, a value of 109 volts is chosen as
the maximum permissible touch potential limit that provides a negligible risk of fatality.

The Argon — Safety Assessment Reports are attached in Appendix B.
Step Potentials IEEE 80

The Argon software computes the allowable step voltage for the above criteria = 3268 volts. The author
does not accept this as a realistic value and instead reverts to the use of the IEEE 80/ENA EG1 calcula-
tion method.

The allowable step potential according to IEEE 80 over bare soil = 183 volts.
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E. Performance of Standard Coombs Play Space Earthing (1.2m earth rod)

Using the above information and assumptions, the WinlGs model calculates the following for an 11kV
Line to Earth fault at substation 9935:

- Computed Results at Substation 9935:
11kV L-E Fault at SS 9935

With Earthing of all 10 Substa- Separated CMEN
tions within Coombs Precinct HV/LV

Fault Current 627.0A 638.2A

Earth Current 639.6A 651.0A

HV = 397.5V HV =103.5V

Main Earth Bar Potential 397.5 035

LV =19.4V LV =103.5V

Computed Earth Resistance HV =0.621Q HV = 0.159Q

as seen at Main Earth Bar LV = N/A* HV = 0.159Q

* All LV earth current is recirculating between different voltage contours. None returns to Woden
Zone substation.

- Computed Earth resistances of Substation 9935 and Coombs Play Space in isolation:
SS 9935 HV Earth Grid 4.19Q

SS 9935 LV Earth Rod 5.67Q
Play Space Earth Rod 53.2Q

- Earth Bar Potentials

Appendices D1 & E1 shows the Earth Bar potentials at all substations within in the Coombs pre-
cinct feeder network for a fault at S9935 for Separated HV/LV Earthing and CMEN respectively.

- Earth Surface Potential
For a Fault at S9935

The maximum earth surface potential across the Coombs Play Space is:

Separated HV/LV earthing 66V |Boundary Fence —intersection of Edgeworth Parade/Stan Davey Rise

CMEN earthing 32V |Boundary Fence —intersection of Edgeworth Parade/Stan Davey Rise

Refer Appendix D2 & E2 for the respective Earth Surface Potential plot.
- Touch Potentials
For a Fault at S9935

- The maximum touch potential across the Coombs Play Space is:

Separated HV/LV earthing 45V | Boundary Fence —intersection of Edgeworth Parade/Stan Davey Rise

CMEN earthing| 97.5V |NW boundary adjacent to lake at shelters

- Refer Appendix D2 & E2 for the respective Earth Surface Potential plot.

- Step Potentials

All Earth surface potentials are « the maximum allowable step potential limit (183V). This means
that Step potentials across the Coombs Play Space are quite safe.

F. Coombs Play Space AS 3000 Standard Earthing Conclusions

In the event of an 11kV line to earth fault at the substation $S9935, the assumed AS 3000 stand-
ard 1.2m earth rod provides a safe environment across the whole of proposed Coombs Play
Space. This applies for both the condition of (a) Separated HV/LV earthing or (b) CMEN earthing of
all 10 substations along the network feeder system within the Coombs precinct.
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Attachments:

Appendix A - District Layout of Feeder and Modelled Substations

Appendix B1 — SLD of WinIlGS Model

Appendix B2 — Earthing Layout of the Coombs Precinct

Appendix C — Argon Safety Assessment Report (6 pages)

Appendix D1 — Node EPRs, Fault at S9935, Separated HV/LV earthing at all feeder substations

Appendix D2 — Earth Potential Plot, Fault at S9935, Separated HV/LV earthing at all feeder substa-
tions

Appendix D3 — Touch Potential Plot, Fault at S9935, Separated HV/LV earthing at all feeder substa-
tions

Appendix E1 — Node EPRs, Fault at S9935, CMEN earthing at all feeder substations
Appendix E2 — Earth Potential Plot, Fault at S9935, CMEN earthing at all feeder substations
Appendix E3 — Touch Potential Plot, Fault at S9935, CMEN earthing at all feeder substations
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ARGON - SAFETY ASSESSMENT REPORT

Report Generated On : 4 August 2020
Report Generated By : Gary Graham
from : Eagle Electromagnetic Design Services

Design Location : Coombs Play Space

INTRODUCTION

Individual Probability of Fatality

This report outlines the results of a risk-based safety criteria assessment study for the above location.
The analysis is based on the fact that a fatality due to contact with an external voltage can only occur if
both a person is present when a fault occurs and the touch (or step) voltage generated is sufficient to
allow a large enough current to pass through the body for sufficient time to cause fibrillation of the heart
muscle. The probability that an individual will be present and in contact with an item at the same time
that the item is affected by a fault is defined as the Probability of Coincidence (Pcoinc). The probability
that the heart will enter ventricular fibrillation due to contact with an external voltage is the Probability of
Fibrillation (Pfibrillation). This situation can be described by the following simple equation:

—_ e
P Sfatality — P coince P fibrillation

The probability of coincidence has been calculated using contact and fault data as detailed in this report.
The probability of fibrillation has been calculated using the impedance and applied voltage / clearing
time information as detailed in this report.

The calculation of the probability of fatality allows the design to be classified according to risk targets
(1e-6 to 1e-4) as either negligible risk, intermediate risk or intolerable risk.

Societal Probability of Fatality

For situations where more than one person may feasibly be present at any time, the individual process
outlined above is modified slightly to allow for an altered societal probability of coincidence and hence
probability of fatality to be calculated in accordance with accepted F-N curves. For societal probability
of fatality, the targets are altered from the individual targets based on the frequency of occurrence of N
or more deaths. This allows sliding scales to be defined which classifies the negligible, intermediate
and intolerable risk zones for a given population size. A design curve can be defined over a range of
clearing times which corresponds to the highest applied voltage in the negligible region for each clearing
time.

Design Compliance

Designs with a neglible risk determination are accepted and the attached design curve(s) may be used
at locations with similar contact, fault and series impedance characteristics. Designs which are
determined as high risk are not acceptable and there is no valid design curve available until mitigation
results in a compliant design. Designs placed in the intermediate risk range may be considered
compliant provided the ALARP (As Low As Reasonably Practicable) principle is applied. For designs of
this type, documentation is supplied at the end of this report outlining the justification.

The following information outlines the design assumptions and classifies the compliance of the design.

Argon Version:  4.0.1.0 Calculator Version : 2.0.0.25 Page 1 o0 6
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COINCIDENCE PROBABILITY

Access / Fault Assumptions

Scenario Name MEN

Description

Multiple contacts with items associated with the MEN on a daily basis

Concidence Reduction Factor

Individual Societal (popn = 100)
Fault Frequency .1 peryear  Contact Frequency 2000 perYear 1500 ave/Year/Person
Fault Duration 0.8 seconds = Contact Duration 4  seconds 4  seconds
Coincidence Reduction
Concidence Reduction Method None

Individual Coincidence Probability = 3.04e-5
FIBRILLATION PROBABILITY
Assumptions
Current Path Touch Voltage Surface Layer
Footwear Standard Footwear Type None
Wet / Dry ? Dry Resistivity 0 O-m
Soil Resistivity 100 0O-m Depth 0 metres
Applied Voltage 120 volts Flashover Voltage Not Specified volts
Fault Duration 0.8 seconds
Fibrillation Probability = 0.0133
Argon Version : 4.0.1.0 Calculator Version : 2.0.0.25 Page 2 of 6
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RISK DETERMINATION

Individual

Risk Zone : Negligible Probability of Fatality = 4.034e-7

Societal

Societal Fatality Risk, Population Size = 100

Intalerable

0.007 5

s, F

; 0.0001 =

Te-05 o

105 - AL ARP Region

Te-07 o

Frequency of M or more fataliie

Te-03 o

109 Medlicible T T T T T TT T T T T T T T 7T

1 1o 100

Mumber of Fatalities, M

Worst Case Risk Zone

Risk Zone : Negligible
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DESIGN CURVE

These curves are valid for designs which have contact, fault, and series resistance characteristics
similar to those outlined in this report. Fault duration need not remain the same. Designs must be
compliant with the most stringent requirements from the curves.

Individual
Deszign Curve [Individual Probability of Fatality = 1e-6)
1000 5
E
B
= 100 7
= ]
=)
B 4
= 4
cﬂ: -
1D L] L} L} L] L] L] LILI | L} L} L] L} L] L} LIENLI | L} L] L} L} L} L] LI |
0.01 01 1 10
Fault Duration [seconds)
Societal
Megligible Rizk Design Curve [Societal Fatality Rizk. Population Size = 100)
1000 -
E
B
= 100
= .
=)
B n
= ]
cﬂ: -
1D L} L] L} L} L} L] LENLIN | L] L] L} L} L} L] LENLI | L] L] L} L] L} L] LI |
0.01 o1 1 10
Fault Duration [seconds)
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RISK MITIGATION COMMENTS

No additional mitigation comments provided.

SUMMARY

Based on the information supplied in this report, the design is considered to be  COMPLIANT

Argon Version : 4.0.1.0 Calculator Version : 2.0.0.25 Page 5 of 6
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APPLICATION NOTES

Surface Soil Resistivity

Surface soil resistivity has a significant effect on the current that can pass through a body. The effect of
soil resistivity is linear with the effect on the body and results can be interpolated linearly between two
resistivities to provide the effect at the required resistivity when undertaking Argon based analysis.

Footwear

Appropriate footwear can significantly reduce the current that can pass through a body. Under dry
conditions any enclosed leather or non-conductive rubber or plastic footwear in good condition is as
effective as electrical safety boots in reducing the risk. Without such footwear the risk is equivalent to
bare feet.

Appropriate gum boots are those which pass the following test to ensure that material from which they
are made is adequately insulating:

Fill the boot to approximately 90% of it's height with salt water and place it in a container of salt water that
reaches the same water level. The resistance between electrodes inserted in the water inside the boot and
outside of the boot should be determined with a high voltage resistance tester. The resistance should not
be less than 1 mega ohm.

Gum boots should be maintained in good condition and replaced if any splits or cracks appear.
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Vn=3.287k

Vn = 905767

ERMINALZ

525m line length
19/3.25 AAC (NEPTUNE)

112m cable length
240 sq.mm. 3C Al

n=3238kV

ERMINAL3

| 966m line length
19/3.25 AAC (NEPTUNE)

Vn =3.095 kV

ERMINAL4

171m cable length
120 sq.mm. 3C Cu

n=23.020 kV

ERMINALS

1018m cable length
185 sq.mm. 3C Cu

n=2.574kV

ERMINALE

194m cable length
120 sq.mm. 3C Cu

n=2.488kV

ERMINAL7

197m line length
19/3.25 AAC (NEPTUNE)

Vn =2.334kV

ERMINALS

973m cable length
120 sq.mm. 3C Cu

=1.903 kV

ERMlNALe

377m cable length
300 sq.mm. 3C Al

n=1.741kV

-ERMINAU

ERMINAL10

523m line length
191325 AAC (NEPTUNE)

925m cable length
240 sq.mm. 3C Al

397m cable length
240 sq.mm. 3C Al

Sub8 315KVA

Sub9 315KVA

198m cable length
240 sq.mm. 3C Al

404m cable length
240 sqmm. 3C Al

SU B Sub 1315kVA

Vn=>5039k Vn=42.83V

S1SEC

CMEN Earth I\ri(i/

493m cable length

240 sgmm. 3CAl

A

S U B Sub 2,1500kVA

616m cable length
240 sq.mm. 3C Al

Coombs Precint

611m cable length
240 sq.mm. 3C Al

Vn =236.2

S3PRI

872m cable length
240 sq.mm. 3C Al

315KVA

S U B Sub 3, 315kVA

Substation 9935
Vn=53.07 V S00KVA Vn=6532V
S2SEC 15 2 Vn=1940V S3SEC
n =397. ia=c) Vg =54.18V
©-9935HV 993! 9935DIST
A Y

CMEN Earth n@ \Vl/
Vg =349.7 V LVg =397. g . AN19.40 V

315KVA

S U B Sub 4, 315kVA

394m cable length
240 sq.mm. 3C Al

Vn=1554V

S4SEC

315KVA

S U B Sub 5, 315kVA

457m cable length
240 sq.mm. 3C Al

Vn=76.57V
S5SEC

346m cable length
240 sq.mm. 3C Al

500KVA

SUB)) swo so0e

Vn=18.09 V

S6SEC

315KVA

S U B Sub 7, 315kVA

Vn = 2|

STSEC

.82V

B4.7V

Vg=3983V
HVGND §2HVGND 9935HVGND \1%/ \—lgg/
g=428 CMEN Earth link AV =T557 W Ve =254 vy § 76 oy =T8.09 W Ve =31 LW F 20
STRUGND Vo =42.83 V 07V ES3LVGND SSLVGND PRSSBLVGND SGHVGND
S{DISTGND District LV CMEN Earth link CMEN Earth link Disrict LV CMEN Earth li
Earth link Earth link ink
LV District Lo
= 200kW
Vo= 6048 g Vi = 60. A
q\IODENSOUT /ODEN3-11
Woden 3 C/B 1
50 MVA
NET/f (zigzag)
213MVA
4 3KA LE fault
y  Earthlink N ’ ;
Vo= 6048 g Vi = 0. A
q»lODENEOUT (ODEN2-11
Woden 2 C/B 2 1
50 MVA
Vn =1.765kV NET/ (zigzag)
ERMINAL11 4 3KALE fault
1324m cable length 1 Earth link
300 sq.mm. 3C Al L Earthink R )
Canberra SS 132kV Feeder
n= 1194k /"~ 509 — Vo= 6048 g Vi = 60. A
ERMINAL1Z ERMINAL T — B Somiout /ODEN1-11 Vn#$221.3 mV
304m cable length Woden 1 C/B
] 400 sgmm. 3C Al 5 %A 1 6048V mV
NET/f (zigzag) GND
523m line length -
19/3.25 AAC (NEPTUNE) 4 3KA HE fault
] Earth link
y  Earthlink N ; 450 MVA
Earth Resistange
0-fohms Fobdér remote earth
Earth Resistance = 0.050hms

Woden Zone Substation

Node EPRs, Fault at S9935, Separate HV/LV Earthing at all Feeder Substations
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