SLADEVALE SUBSTATION
LFI & EMF STUDY REPORT
15F001-RP-E-5-008

IDSOLUTIONS

PTY LTD




iy
) ’y

D
‘PGS
)
e
>
TN

POWERCRID SOLUTIONS

lendlease

Document Contirol

Revision History

Document Preparation and Control | Document Review
Innocent Bisanabo Ramy Hanafy

Document Approval | Signature

Innocent Bisanabo

Document Number Revision Number Revision /Date ‘
15F001-RP-E-5-008 Rev B 26/06/2019
15F001-RP-E-5-008 Rev A 13/06/2019

Distribution

Design Manager - Lendlease Samik Bhattacharya 26/06/2019

Lead Engineer - Lendlease Paul Zona 26/06/2019

Technical Enquiries

Innocent Bisanabo
Director & Principal Electrical Engineer, B.Sc. Eng. (Elec), M. Eng. (Power), CPEng, RPEQ 14438
Power Grid Solutions (Pty) Ltd

© Power Grid Solutions Pty Lid

This document has been prepared by Power Grid Solutions in response to a specific request for product and/or services
between Lendlease and Power Grid Solutions. This document is intended for the sole use of Lendlease. It has been
prepared in accordance with the request and based on specific instructions and information provided by Leandlease.
The contents of this report cannot be relied upon by any third party.

This document should not be altered, amended or abbreviated, issued in part orissued incomplete in any way without
prior checking and approval by Power Grid Solutions.

15F001-RP-E-5-008 Page 2 of 17 Rev B



oily
L) ’y

b ‘PGS
v 00@.-“’
POWERCGRID SOLUTIOWIY\!TSD

Table of Contents

1 EXECUTIVE SUMMARY ...ttt cssseecsssssse s s sssses e ssssssssesssssasasssnns 5
2 LN LI @00 11 L8 | @ ] RN 6
2.1 PlONT DESCIIDTION ettt ettt ettt e eeae v e veeeteeaeeaveeseenseenseeseenseenseenneens 6
2.2 BACKGOIOUNG ...ttt ettt et ettt e te e tesateeteebeesbaenseentessbeessesssesssesssesnsensseensennsanns 6
2.3 PUIDOSE ettt ettt e e e e v e e et e e taeeetveeesaeeaee e taeeeaseeeaseeetsaeeaeeeteeeeteeeereeeseeentreenns 6
2.4 Simplifying Assumptions and other Considerations.........ccoveeeeeeiiiceeceecececeececieee e 6
2.5 ADBIEVIATIONS ..ottt 7
2.6 ReferenCe DOCUMEBNTS........c.ciiiiiicicc et 8
3 INPUT DATA & EVALUATION CRITERIA......ccooriiiieieret e 9
3.1 SOIMOAE! ..ttt 9
3.2 MOXIMUM LOGQING 1.ttt ettt sttt ste e e sesteeteereessebeeseessensesseessennans 9
3.3 Step and TOUCh AIOWADIE LIMITS .....ocviiieeee et ens 9
3.4 Electric and Magnetic Field EXposure LImMits........ccoieieeiieieiecieciececeeee et 10
4 L 0 U PR 11
4.1 EMF Under MaXimuM LOO ...ttt 11
4.2 Step and Touch Potential Under Maximum LOQd .........ooeeeeeeeeeieeeeeeeeeeeeeeeeeeee e 12
5 1000 111 {08 11 1) [ 1 13
6 APPENDIX A = INPUT DATA ...ttt scsssnesse s snas s s ssnasssssssnens 14
6.1 Overhead [INe CONfIQUIATION ......oviiieeieieieeceee ettt 14

6.1.1  Oxygen Line parameters — AAAC 1120 19/4/75 et 16

6.1.2  GroUNd WIr€ SC/AC 7/3.25 ..ottt sttt 17

15F001-RP-E-5-008 Page 3 of 17 Rev B



A
h ‘PGS
v &O@u“’
POWERGRID SOLUTIQTIY\ILTSD

Table of Figures

R
*»

Figure 1: Magnetic Fields under MaXimum LOQQ.......ccueiririirienininiiieieeeesie et eeeese st s seeseenes 11
Figure 2: Electric Fields under MaXimum LOQQ .....coiieieirinieieiecsiesieieteesie et eeve e sse s s e enes 11
Figure 3: Touch Potential under MaXimum LOO ....c.cieieirieieieinierieieeeeseie et enes 12
Figure 4: Step Potential under MaXimUumM LOQ .....o.iiiieirinieieieccieieieceese ettt enes 12
Figure 5: Geometry of the line used in MOAENING....c.cciiieeieiiiiieeeeeeeeeeeee e 14
Figure 6: Geometry of the line used in modelling (CDEGS) ......cveoieiiiieeeieeieceeeecieeeeeeeeie e 15
Figure 7: OHL Plan View (CDEGS) — step AN tOUCKN .....c.coviiiiicieeeeeceeecteee et 15
Figure 8: Longitudinal Current Flowing in Origin of Conductor (Maximum Load Condition)......16
Figure 9: Oxygen Line parameters — AAAC 1120 19/4/75 it 16
Figure 10: Ground Wir€ SC/AC 7/3.25 ...ttt sttt sttt ese st s s enas 17
List of Tables
Table 1: Standards and Site-SpecCific DOCUMENTS.........ooui ittt eere v ens 8
TADIE 2: RETEITENCE DIOWINGS ...ttt ettt ettt et et teste s e ssebesbeereensessesreessenseseessensansas 8
TADIE 32 SOI MOGEN ..ttt ettt ettt b ettt st e b 9
Table 4: MAXIMUNM LOTQING c..ciiiiiieiieieieeeeeetete ettt ettt ettt teste e e e ssesbesseessessenseessessensasseessensansas 9
Table 5: Maximum allowable Step and ToucCh Potentials ........ccvevievieeeeeiceceeceeeeeeeeeee e 9
Table 6: Electric and Magnetic Field EXposSUre LiMits......c.coiieeieciiieeeieiecieceeteceie et 10

15F001-RP-E-5-008 Page 4 of 17 Rev B



oily
L) ’y

) ‘PGS
0 OOO..“.
POWERCRID SOLUTIONS

1  EXECUTIVE SUMMARY

LFI & EMF studies have been performed considering maximum load on the new 33kV
Double Circuit between Sladevale Substation and Warwick Substation.

The results show that magnetic, electric fields and step and touch potentials are well
below the recommended limits.

Based on the results of these studies, no safety harzards or concerns have been
identified. Hence, no further mitigations are required.
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2 INTRODUCTION

2.1 Plant Description

LendLease Services is constructing the Warwick Solar Farm (WSF) in the Warwick area
which is within 3km proximity of Ergon Energy Corporation Limited’s (EECL) Warwick
33kV Bulk Supply Point substation in Queensland. The overall WSF effectively comprises
two separate connection points and generators: WSF1 and WSF2. Each generator
comprises 24 x Ingeteam Sun Power Max 1640TL B630 inverters connected via a 33kV
overhead line to EECL Warwick 33kV bulk supply substation. Under favourable system
operating conditions (at 30°C) WSF1 and WSF2 will each have a sent-out capacity of
32.1MW via the Point of Connection (PoC) providing a combined capacity for WSF of
64.2MW.

2.2 Background

Lendlease Services have engaged Power Grid Solutions Pty Ltd to design secondary
and primary systems associated with Sladevale Substation. LFI, EMF, Step/Touch
potential Studies have been requested for the fence section along the Warwick/
Killarney feeders.

23 Purpose

The objective of this LFI / EMF, Step/ Touch potential studies are required to determine
and confirm the induced voltage on the near-by fence by the 33kV Double Circuit
during normal operation condition do not create any harzardous condition and to
ensure these are kept within the limits stupilated by Australian and international
standards.

SES CDEGS software package was used for this study. It includes facility to model
transmission line and fence to study the LFI/EMF and step/touch potentials under
various system operating conditions.

24 Simplifying Assumptions and other Considerations

The following simplifying assumptions and considerations have been made:

*  Warwick/Killarney double circuit and the fence parallel to it are modelled up to
2.2km.

e Transmission line is considered “Oxygen” type line.

¢ Maximum load is 440A on Warwick Feeder and 155A on Killarney Feeder as per

[1]

e To be conservative, earhing systems associated with Solar Farm, Sladevale
Substation area, Solar Farm Substation Area as well as auxiliary earthing systems
have not been modelled.
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« Soil resistivity around the considered fence was considered as per [2].

2.5 Abbreviations

Abbreviations

Full Description ‘

HV High Voltage

EECL Ergon Energy Corporation Limited

LFI Low Frequency Induction

EMF Electromagnetic Field

CDEGS Current Distribution, Electromagnetic Field, Grounding and Soil
PVC Polyvinyl Chloride

oD Outside Diameter

AS Australian Standard

Cu Copper

TR-XLPE Tree-Retardant Crosslinked Polyethylene
OHL Over Head Line

OPGW Optical Pilot Ground Wire

PoC Point of Connection

WSF1 Warwick Solar Farm 1

WSF2 Warwick Solar Farm 2

15F001-RP-E-5-008
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2.6

Reference Documents

The following table lists the related Standards and doucments for the LFI/EMF and
Step/Touch Potential Studies.

Table 1: Standards and Site-Specific Documents

[\ [o) Revision/Date Description
1] LLS_15F001-RP-E-0-009 A/27/05/2019 Load Flow and Short Circuit Report
[2] | LLS_15F001-RP-E0-004 | Rev 2/ March 209 EZEZ'QQ & Lightning Protection System Design
[3] ENA EGI1 2006 Substations Earthing Guide
[4] AS/NZS 4853 2012 Electrical hazards on metallic pipelines
[5] AS/NZS 60479.1 2002 Effects of current on human beings and livestock
ARPANSA Radiation Health Series No. 30 — 1989:
[6] - - Interim guidelines on limits of exposure to
50/60Hz Electric and Magnetic Fields
7] AS/NZS 2067 2016 Subs‘ro‘rlpn and High Voltage Installation
exceeding 1kV a.c
[8] AS/NZS 4853 2000 Electrical Harzards on Metdllic Pipelines
[9] 30032335 Rev A Warwick Solar Farm Geotechnical Interpretive
Report
05/11/2018 Warwick Solar Farm 1- 534A and 5348 letfter
[10] | WSF1-Clean-15FASODA Warwick Solar Farm 1- Generator Performance
June 2018
Standards
05/11/2018 Warwick Solar Farm 2- 534A and 5348 letfter
(111 | WSF2-Clean-15F98B57 Warwick Solar Farm 2- Generator Performance
June 2018
Standards
Table 2: Reference Drawings
No Revision/Date | Description
Rev OC Warwick Solar Farm
1 1078907-02 30-05-19 Warwick-Killarney 33kV Double Circuit — Transmission
Line Overhead Line Profile Sheet 2 of 2
Rev 01 . . .
2 15F001-DG-C-0-039 20/05/2019 Warwick Solar Farm Fencing and Gates Details
N Rev OA Warwick Solar Farm Fencing and Gates Gully Crossing
3 | 1SF001-DG-C-0-040 | 55,05/2019 | Details
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3 INPUT DATA & EVALUATION CRITERIA

3.1 Soil Model

The soil model used was obtained from [2] as is shown in Table 3

Table 3: Soil Model

Ressivity [om] | epih im] |

1 20 2
2 10 o0

3.2 Maximum Loading

Maximimum loading has been considered as per [1], below is a summary of loads used
in each line for the study (small unbalance was infroduced for Killarney Feeder). Refer
to Appendix Section for ETAP results for Maximum loading for Warwick/Killarney

Feeders.

Table 4: Maximum Loading

_ Conductor Phase Load [A]

Phase A (Closest to Fence) 155A <Q°
Killarney Feeder Phase B 150A < 120°
Phase C 145A < -120°
Phase A 440A < 0°
Warwick Feeder 2 Phase B 440A < 120°
Phase C 440A <-120°

3.3 Step and Touch Allowable Limits
As per [2] & [3.7 & 8] the following limits have been considered for evaluation

Table 5: Maximum allowable Step and Touch Potentials

Touch Potential [V] | Step Potential [V]

Maximum Load 80 <1700
Fault Condition 597 (*) >%000

Note — although [8] refers to metallic pipelines, the hazard exposure on metallic
pipelines will be similar to that on other metallic frames such as fences. Hence, the
safety limits set by this standard is deemed applicable to metallic structures located
in the vicinity of the powerlines.

(*) is based on Negdligible Risk Voltage Target with Risk of Fatality < 106 for Infrequently
visited locations such as solar farm perimeter fence, collector station fence on natural

ground with standard footware.
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3.4 Electric and Magnetic Field Exposure Limits

The acceptable exposure of limits of EMF to the public is defined in [6], as discussed in
the following section. Table 7 lists the exposure limits for electric and magnetic fields.
Since this meant for a residential development, the exposure limits for the general
public for up to 24 hours /day is used for normal operating condition and few
hours/day for fault condition.

Table é: Electric and Magnetic Field Exposure Limits

Condition Electric field Magnetic Field
[kV/m rms] [UT rms]

Maximum Load - 24 hr /day S 100
Fault Condition - Few hours /day 10 1000

15F001-RP-E-5-008 Page 10 of 17 Rev B
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4  RESULTS

4.1 EMF Under Maximum Load

EMF under Maximum load condition are shown in Figure 1 & 2. As can be seen, the
maximum magnetic and electric fields are 3uT & < 70V/m respectively. These values
well below the exposure limits in Table 6.

Note that these maximum values consider full line sag as per Figure 5, Section 6.1

Profile taken for public interest is as follows:

= Profile 1T - 1.6m above the ground, extending 50m either side across the
line/fence at the end of the fence (X=x1100m)

Magnetic Fields/Resultant (Total) LEGEND

— Profile Number 1.

Total Magnetic Induc. (MicroTesla)
T

100 IDLFI STUDY LD @ 500000 Hz

Distance from Origin of Profile (m)

Figure 1: Magnetic Fields under Maximum Load

Electric Fields/Resultant (Total) LEGEND

n — Profile Number 1.

Electric Field Total Magn. (V/M)

ID:LFI STUDY_LD @ £-50.0000 Ha

Distance from Origin of Profile (m)

Figure 2: Electric Fields under Maximum Load
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4.2 Step and Touch Potential Under Maximum Load

Step and Touch Potentials under Maximum load condition are show in Figures 3 & 4.
As can be seen, the maximum fouch voltage is 75V & maximum step voltage is 29V,
and these are below the maximum allowed in Table 6.The observation profile has been
taken +/- Tm from the fence.

1500 LEGEND
Maximum Value :  74.657
Minimum Value 2974
1000 B <
. 67.49
< 60.32
~ 500 .
& 53.15
w
e B o
w
= 0 | Y
Ug‘) 3165
> -500 . < 2448
- 17.31
< 10.14
-1000

-1250 -750 -250 250 750 1250

XAXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

Figure 3: Touch Potential under Maximum Load

1500 LEGEND
Maximum Value : 29244
Minimum Value :  2.026
1000 B
. % 26.52
< 2380
500 .
9] £
E < 21.08
: B
é 04 . < 1563
(9]
g <1291
> 500 W< o0
<747
< 475
=100

-1280  -750 -250 250 750 1250

XAXIS (METERS)
Step Voltage-Worst Magnitude (Volts)

Figure 4: Step Potential under Maximum Load
Note - Given the that auxiliary earthing systems and interconnection between all earthing systems at Warwick Solar

farm have notbeen modelled in this study, step and tfouch potential are expected to be much lower than the simulated
results here.
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5

CONCLUSION

LFI & EMF studies have been performed considering maximum load on the new 33kV
Double Circuit between Sladevale and Warwick-Killarney Substations.

In all cases, the results show that magnetic and electric fields are well below the
recommended limits.

Under maximum load condition, Electric and Magnetic Fields are 3uT & < 70V/m
respectively.

Under maximum load condition, step and touch potentials are also below the
maximum allowable limit.

It is important fo note that the expected step and touch potential will be much
lower than the simulated values in this study since the interconnection between
earthing systems for the solar farm & auxiliary systems such as transmisison pole
earthing will play a key role in reducing and managing the EPR, LFI and EMF
related hazards to which personnel or members of the public are exposed
under varying operation scenarios.

Based on the results of these studies, no safety harzards or concerns have been
identified. Hence, no further mitigations are required.
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6 APPENDIX A - INPUT DATA

6.1 Overhead line configuration

lendlease

Assy 1320-3

to Conductor Hardware |~
Folder for Conductor & Vibration
Damper Constructions

e |l Assy 1011-1
0
150
. Assy 1021-1
900 ey m&;
oL N =iz sy 10212 | Refer to Conductor Hardware

] | IF . T Folder for Conductor & Vibration L.
Damper C: lion: [
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3900
%mﬂ fvn.mr-, oA Pone LBmeTH *’ ol ?5'“:‘ Construction Code
; on  2oam [ OKN PeL
I I T ats C6UDVPIN3

B0 TP, AT mAB -

Refer to Earthing Folder for Pole Earthing Constructions -~ C6UDVP1N4
Refer to Foundations Folder for Pole Foundation Constructions G”";/‘“{' A CEUDVP1NS
CNOEL OVERHEAD SUB-TRANSMISSION
HARD @@PV Dato CONCRETE 66kV URBAN CONSTRUCTIONS
ERGON. 27003/2013 DOUBLE CCT VERTICAL PORCELAIN POST INSULATOR
SNERCY reckad 30, 40 & 50kN POLE CONSTRUCTION
UN@@NTF&@LLED . ';”iWME VOLUME | _FOLDER | PAGE =G
il P 5%’113;";:?1;;; i DRAWING NUMBER: 5-3-21-2 5 i 3J 21-2 | oA
Te Ao
ariiele Ve ( Less load uwfﬂ'\—t>
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Pe7 At
Bt Puasing will oe . o haieht
. ) S
'!“rr:-w-';?"")‘ = Ak
%m—'zb“l B
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Hagwr VAL

i =S
g Sn Pors —F @% TSNS
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Figure 5: Geometry of the line used in modelling
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Cr - y X
1. Reference Path E 2. Cross-Section | 3 Slructuresl 4 Talminaliunsl
Cross Section ltems
Horizontal | Yertical Offset =
Type Mame Dffset [m] i Connected?
1 Conductor|  Phase wWai_C 11 45 Mo
2 Conductor|  Phase 'War_B 11 -1 Mo
3 Conductor,  Phase War_A 11 125 Ma
4 Conductor Phase Kil_C -1 125 Mo
5 Conductor Phaze Kil_B -1 -1 Mo
E Conductar Phase Kil_a 1.1 4.5 Ma
7 Conductar OPGW a 1357 Yes Auto Preview Rafrash
8 - Number of Canductars |21
Settings for Cross Section Item [1] Mumber of Plates ID
Number of Profiles |U
Point Spacing Options. .. Characteristics... Number of Points I—D
(0]4 Cancel Help
Figure 6: Geometry of the line used in modelling (CDEGS)
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Figure 7: OHL Plan View (CDEGS) - step and touch
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Longitudinal Current Flowing in Origin of Conductor. Magnitude (&) [ID:LFI STUDY_LD @ f=50.0000 Hz 1

555

g

3o
)

0.0094 0
15Q 150
440 440
145 145
44Q 440
15 155
75_40 440

g

9o

HO

0.5D0.5D.45

0.5D.5D.45 R

Figure 8: Longitudinal Current Flowing in Origin of Conductor (Maximum Load Condition)

6.1.1

Oxygen Line parameters - AAAC 1120 19/4/75

CONDUCTOR CHARACTERISTIC DATA

AAAC 1120 19/4.75 Oxygen

Equivalent Conductor N/A Equivalent Stranding
ELECTRICAL DATA
Standard AS 1531-1991  Alloy 1120
Insulation No DC Resistance @ 20C 0088 (q/km)
Magnetic Effect Ratio 1 AC Resistance @ 75 0.108 ( q/km)

Maximum Temperature 0 (*C) Capacitive Reactance @ 1m 0254 ( p/km)
Temperature Inductive Reactance @ 1m  0.296 ( q/km)
Coefficient of 0.0039

MECHANICAL DATA

Total X-Sectional 3367 (mmz) Co-eff of Linear 23 (1 (53"0)
Calculated Breaking Load 736 (kN) Modulus of Elasticity 56 (GPa)
Unit Mass 925 (kg/km) Number of AL/Cu 19

Self Weight 9.074 (N/m) Diameter of AL/CuWires  4.75 (mm)
Overall Diameter 238 (mmg Number of Steel Wires 0
Equivalent AL Area 320 (mm”)  Diameter of Steel Wires 0 (mm)
Geometric Mean Radius  9.02 (mm)

N/A

CHANGE
CONDUCTOR

PRINT

MAIN MENU

Electrical/Mechanical
Data

Preform Fittings

Compression Fittings

Figure 9: Oxygen Line parameters - AAAC 1120 19/4/75
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6.1.2

Ground Wire SC/AC 7/3.25

CONDUCTOR CHARACTERISTIC DATA

(€4

ERGON,
ENERGY

SC/AC 7/3.25

Equivalent Conductor NA

ELECTRICAL DATA

Standard
Insulation No
Magnetic Effect Ratio -1
Maximum Temperature 0 (*C)

AS 1222.1-1992 Alloy

DC Resistance @ 20 °C
AC Resistance @ 75 -1
Capacitive Reactance @ 1m 0305 ( ¢p/km)

Equivalent Stranding

N/A
147 ( Q/km)
{ ¢ /km)

Temperature Inductive Reactance @ 1m  0.355 ( Q/km)
Coefficient of 0.0036

MECHANICAL DATA

Total X-Sectional 581 (mm')  Co-eff of Linear 13 0 (}-bfﬁ’C}
Calculated Breaking Load 69.8 (kN) Modulus of Elasticity 162 (GPa)
Unit Mass 387 (kg/km) Number of ALCu 0

Self Weight 3.796 (N/m) Diameter of AL/Cu Wires 0 (mm)
Qverall Diameter 9.8 (mm) Number of Steel Wires i
Equivalent AL Area 19 (mm™)  Diameter of Steel Wires 325 (mm)
Geometric Mean Radius ~ 3.54 (mm)

Figure 10: Ground Wire SC/AC 7/3.25

N/A

CHANGE
CONDUCTOR

PRINT

MAIN MENU

ElectricallMechanical
Data

Preform Fittings

Compression Fittings

Note — Actual conductor is not available in CDGES library, .5mm OD equivalent conductor was used
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