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CQGP — KP 320 to 393 Powerline AC Interference Report

1. EXECUTIVE SUMMARY

The proposed Central Queensland Gas Pipeline (CQGP) is approximately 435km long.
The route is in high voltage powerline easements, in soils of high resistivity,
commencing in the vicinity of the Stanwell Power Station and moving towards
Gladstone for a distance of some 16km. The AC interference to the pipeline in this area
can not be mitigated by earthing to comply with the safety requirements of
AS4853:2000, nor to safe AC corrosion limits.

A reroute has been surveyed which alleviates the AC interference, however it
introduces some environmental issues. This report has been prepared to allow an
independent review of the AC interference calculations of the original route.
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2. INTRODUCTION

The proposed Central Queensland Gas Pipeline (CQGP) is approximately 435km long.
The route is in high voltage powerline easements, in soils of high resistivity,
commencing in the vicinity of the Stanwell Power Station and moving towards
Gladstone for a distance of some 16km. Calculations carried out in August 2005
indicated that the AC interference to the pipeline could not be mitigated by earthing to
comply with the safety requirements of AS4853:2000, nor to the safe AC corrosion
limits. It was recommended that a reroute of the area be considered to take the
pipeline out of the powerline easements. As a result a reroute has been surveyed
which does alleviate AC interference. However while the subsequent reroute resolves
the AC interference issues, it introduces some environmental issues.

Since the original calculations were carried out additional soil resistivity data has
become available. This report has been prepared to formalise the calculations carried
out in August 2005, updated with new soil resistivity data, so that they can be
independently reviewed. The area covered by the calculations is the isolated pipeline
section between KP320 and KP393.

Calculations were carried out using “AC Predictive and Mitigative Techniques” Version
1.5. This package was developed by John Dabkowski of Electro Sciences Inc and
funded by the American Pipeline Research Committee. This is the standard software
used by the pipeline industry in Australia for determining AC interference on pipelines.
There has been some informal advice of possible technical limitations with the software.
You will be kept advised on this matter as it may be necessary to re-evaluate the
calculations if this advice proves to be substantive.
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3.1.

3.2.

3.3.

INPUT DATA
Criteria

Australia Standard ‘AS4853:2000 Electrical hazards on metallic pipelines’ presents a
number of personnel safety criteria. The criteria that apply to the pipeline route, with
the modeled power lines, are:

a) Under power line operating conditions for personnel safety the maximum voltage
is 32V.

b) Under power line fault conditions for personnel safety, where there is public
access to the pipeline, the maximum voltage is 300V for the 120mS fault
clearance time. This is termed Category A conditions in AS4853:2000. This is
also the criterion during construction and whenever the pipeline is excavated for
repairs and maintenance. |If this level can not be achieved then Category B
conditions can be used and additional safety procedures implemented.

c) Under power line fault conditions for personnel safety, where there is only
authorized access to the pipeline, the maximum voltage is 1000V for up to 1
second. This is termed Category B conditions in AS4853:2000.

There is an additional consideration under power line operating conditions. AC
corrosion of the pipeline can occur at coating defects, under high AC current densities,
which is not mitigated by cathodic protection. Present research shows there is no
simple relationship between pipeline AC voltage and AC corrosion, however there is
unlikely to be corrosion at less than 5V rms.

Pipeline / Powerline Geometry

The pipeline / powerline relative geometry was taken from hard copy maps and is
reflected in the software printouts appended to this report. There is a minimum
clearance of 20m between the centreline of the pipeline and the centreline of all power
transmission towers.

Soil Resistivity

Soil resistivity test locations and results are presented in the following table. They are
used in the calculations at the appropriate locations as indicated in the software
printouts appended to this report.
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CQGP SOIL RESISTIVITIES
Nearest KP| Mean Resistivity (Qcm)| Waypoint Easting Northing Comments
5m 50m

322.5 5,530 3,456 21 224507 7396790]In flat
325.5 45,905 11,625 134 227049 7396163|Near pipeline crossing of powerlines
327.5 27,115 83,577 137 229146 7395728]185m from nearest (concete pole) powerline
329.8 10,117 42,417 138 231282 7395485]50m from nearest (concrete pole) powerline
332.5 2,152 18,852 23 234370 7395474]In valley

335 9,332 47,758 22 236527 7394435|On hill
336.8 15,082 76,979 139 237839 7394681

338 8,483 35,190 140 239571 7394679

339 848 15,710 141 240930 7394673

341 1,854 9,426 142 242298 7396665

360 283 1,257 24 256022 7382183]In flat

381 1,351 4,399 25 274612 7373527|Small hill

393 503 3,079 26 286511 7368487]In flat

401 430 2,828 27 292837 7367808]In flat

420 754 4,713 28 308160 7363239]In flat

422 15,082 15,710 147 310206 7362985]In valley where pipeline joins powerline

423 6,284 34,562 146 310884 7362912|0n hill

425 2,199 6,284 145 312807 7362291 |First hill from swamp

427 66 408 60 315073 7361132|Swamp. Low resist to 500m before #145

435 2,042 18,852 29 318959 7355978|On hill

3.4. Powerline Data

T1 (Feeder 811)

T2 (Feeder 812)

a) Single horizontal circuit

b)  Shield wires 7.9m from centre, 28.5m above ground, 2.9Q/km.

C) Phase wires 9.3m each side of central phase wire, 21m above ground.

d)  Operating current 1012A with phasing per software printouts.

e)  Fault current 15kA with 120mS clearance time.

f) Towers at 400m spacings with 10Q earths.

a)  Single horizontal circuit

b)  Shield wires 7.9m from centre, 28.5m above ground, 2.9Q/km.

C) Phase wires 9.3m each side of central phase wire, 21m above ground.

d)  Operating current 1012A with phasing per software printouts.

e)  Fault current 15kA with 120mS clearance time.

f) Towers at 400m spacings with 10Q earths.
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T3 (Feeder 848)
a)  Single horizontal circuit

b)  Shield wires 5.9m from centre, 18.5m above ground, 0.189Q/km one shield
and 1.47Q/km the other shield.

C) Phase wires 7.1m each side of central phase wire, 12.5m above ground.
d) Operating current 1961A with phasing per software printouts.
e) Fault current 15.5kA with 120mS clearance time.
f) Towers at 300m spacings with 10Q earths.
T4 (Feeder 849)
a) Single horizontal circuit

b) Shield wires 5.9m from centre, 18.5m above ground, 0.189Q/km one shield
and 1.47Q/km the other shield.

C) Phase wires 7.1m each side of central phase wire, 12.5m above ground.
d) Operating current 1961A with phasing per software printouts.
e)  Fault current 15.5kA with 120mS clearance time.
f) Towers at 300m spacings with 10Q earths.
T5 (Feeder 7167)
a) Single vertical circuit
b)  No shield wires.

c) Phase wires 11.5, 13.35 and 15.2 m above ground. Alternate horizontal
location 2.5m from centre.

d) Operating current 314A with phasing per software printouts.
e)  Fault current 7kA with 120mS clearance time. (132kV powerline)

f) Towers at 400m spacings with 10Q earths.

3.5. Pipeline Data
a) Outside diameter 323.9mm.
b)  Depth of cover of 1.0m.
c)  Trilaminate coating 1.3mm thick.

d)  The coating resistance is assumed to be 50kQ/m?.
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e) Isolation joints are installed at each end of the pipeline section; at KP320
and KP393.
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4. OUTPUT DATA
4.1 Without Mitigation
The following maximum AC interference voltages were calculated using the software.

The voltage given under fault conditions is for a fault at the tower that gave the
maximum AC interference.

Feeder AC Interference
Operating conditions 185V
Feeder 811 fault conditions at node 49 9195V
Feeder 812 fault conditions at node 24 1941V
Feeder 848 fault conditions at node 18 9106V
Feeder 849 fault conditions at node 18 10441V
Feeder 7167 fault conditions at node 17 8487V

The induced AC under powerline operating conditions is a maximum of 185V, substantially
in excess of the 32V permitted under AS4853:2000, and substantially in excess of the 5V
typically used as a criterion for AC corrosion. The AC interference under powerline fault
conditions is substantially in excess of the 300V permitted under AS4853:2000 for
operation under Category A conditions, and substantially in excess of the 1000V permitted
under AS4853:2000 for operation under Category B conditions.

4.2 With Mitigation

To provide a guide to the effectiveness of earthing mitigation, mitigation was added in
the form of continuous zinc ribbon installed for the full length of the pipeline section.
The software calculated the following maximum AC interference.

Feeder AC Interference
Operating conditions 41V
Feeder 811 fault conditions at node 49 213V
Feeder 812 fault conditions at node 24 242V
Feeder 848 fault conditions at node 18 1242V
Feeder 849 fault conditions at node 18 2628V
Feeder 7167 fault conditions at node 17 15520V
Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
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4.3

The induced voltage under powerline operation conditions is still significantly in excess
of the personnel safety criterion and of the AC corrosion criterion. The AC interference
under fault conditions at Feeders 848, 849 and 7167 is still in excess of the personnel
safety criteria for both Category A and Category conditions. (The AC interference with
mitigation at Feeder 7167 is increased by the mitigation due to earth potential rise
factors. With detailed design this figure may be reduced to approximately 8000V, still
substantially in excess of personnel safety requirements.)

Discussion

The software printouts for the non-compliant conditions are appended to the report,
both in the unmitigated and mitigated condition.

The issue is the area between nodes 6 and 22. This is between where the pipeline
crosses the powerlines near KP226, and where Feeders 848 and 849 are at least 500m
from the pipeline near KP242. The ground in this area has very high electrical resistivity
causing extremely high AC interference.

To operate the pipeline safely in accordance with the requirements of AS4853:2000,
and to prevent AC corrosion of the pipeline, it should be relocated between KP 226 and
242 so that it is further away from the powerlines.
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APPENDIX A OPERATING CONDITIONS NO MITIGATION

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 11 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 12 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 13 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 14 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

02/10/2007 - Page &

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 15 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 16 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 17 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 18 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

Brian Martin & Associates 24 Northwood Road, Northwood, NSW 2066 Phone 0416 216 705
11 February, 2007 Document Number: 170.007a Page 19 of 82



CQGP — KP 320 to 393 Powerline AC Interference Report

APPENDIX B FEEDER 848 FAULT CONDITIONS NO MITIGATION
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APPENDIX C FEEDER 849 FAULT CONDITIONS NO MITIGATION
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APPENDIX D FEEDER 7167 FAULT CONDITIONS NO MITIGATION
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APPENDIX E OPERATING CONDITIONS WITH MITIGATION
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APPENDIX F FEEDER 848 FAULT CONDITIONS WITH MITIGATION
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APPENDIX G FEEDER 849 FAULT CONDITIONS WITH MITIGATION
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APPENDIX H FEEDER 7167 FAULT CONDITIONS WITH MITIGATION
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