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(1.0)

Steel when immersed or covered in water has a tendency to corrode (or rust) as the oxidized
form is more stable than the metal.

Because of this, precaution must be taken to stop or minimize the corrosion reaction to an
acceptable level consistent with the design life of the structure. This is normally achieved by
the use of protective coatings which control the corrosion reaction by isolating the steel from
its surrounding environment.

However, it is not pfactical to achieve a perfect coating and coating damage will always occur
with time. Because of this, corrosion may occur at imperfections in the paint coating, causing
further deterioration in the coating as well as loss of metal.

As a result of this, the coating defects must be rectified by periodic maintenance or an
additional method of protection used to prevent this deterioration and corrosion occurring. This
additional protection is achieved by the cathodic protection system.

(2.0) CORROSION AND CATHODIC PROTECTION
Corrosion is an electrochemical process in that it is accompanied by a flow of electrical current.

Corrosion occurs on the surface of metals at active areas known as anodes, which are
electrically continuous with less active or passive areas known as cathodes. The electric current
flows from the anode through the electrolyte to the cathode, with the circuit being completed
by the electrical continuity between the cathode and anode. In practice anodes and cathodes
are generally part of the same metallic surface and individual anodic areas may be small.

In applying cathodic protection and external current is applied to the surface so that the entire
surface to be protected acts as a cathode. This involves the use of an auxiliary anode and when
the current flow from this anode is sufficient, no part of the structure acts as an anode.

An external source of direct current such as a transformer I‘CCtlflCr is used in con]unctlon with
an anode consisting of material with a very slow corrosion rate.

. While it is the flow of current which achieves the cathodic protection of the surface it is
impractical to measure these currents over individual anodic areas to determine when cathodic
protection has been achieved. However, with the flow of cathodic protection current, the
structure becomes more negative with respect to the surrounding electrolyte. Because of this,
it is possible to state values of metal/electrolyte potential at which corrosion does not occur.
This metal/electrolyte potential is generally measured against a standard reference electrode
which allows a reproducible potential at which corrosion does not occur to be quoted.
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(3.0) MAINSDETAIES on System - llaweena Street - Trunk Water Main - OM Manual

Size: New Dia 755 mild steel cement lined. Existing 600 and 470 Dia mild
steel cement lined.

Coating;: Medium Density Fusion Bonded Polyethylene

Length: Appox 4 Km ( New 755 Dia-1.72 Km )

Location: Cnr Tamarisk Way and Illaweena Street, Drewvale to Wembley Road

Reservior, Bligh Place, Drewvale.

Construction
Drawings:

486/6/6-SA1C0039E [llaweena Street C.P. System
to
486/6/6-SA1C0041E

2/13.323 Standard Flange Adapters to BCC Standard Drillings
486/4/6-W10040LO Logan Water Supply Scheme,
to Kuraby to [llaweena Street Reservior,
486/4/6-W10049LO Bulk Supply Main.
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(4.0)

4.1) Type of Cathodic Protection: Impressed Current.

4.2) Rectifier: Special 32 Volt, 10 amp direct current output enclosed in a stainless
steel switchboard. Rectifier has a 240V supply from within the main switchboard
located opposite No 403 ,Illaweena St, Drewvale.

4.3) Cathode: The cathode point is located on the 755 Dia and 600 Dia mains, in
their respective valve pits, behind the existing flowmeter switchboard. The
cathode point is where the cabling from the rectifier is attached to the structure
under cathodic protection.

“44) Anodes: Two 1500 x 75mm silicone iron anodes were installed approximately
200 metres from the trunk mains in a vertical bed. The anodes were firstly
packaged with cokebreeze thereby improving anode — ground resistance. The
anodes are identified by a marker post and label.

4.5) Test Points: Test points are installed on cathodically protected structures to
‘ enable testing to ensure full protection of the mains. On these mains five test
points have been installed on the new 755 Dia, five test points on the existing
600 Dia and six on the existing 470 Dia mains. In total, the system has 10 test
points which can be identified from the layout drawing.

(4.6) Associated Drawings:
Cathodic Protection Details
Cathodic Protection Test Point Details
Standard Rectifier Wiring Diagram
Standard Vertical Groundbed Details

2/14.213
2/14.199
486/6/25-AA1C0021E
486/6/25-AA1C0024E

4.7 Associated Standards:
AS 3000 1986 Australia Wiring Rules
AS 2832.1 1985 Pipes, Cables, Ducts, Guide to Cathodic Protection,
Part One.

. (4.8) Government Regulations:
Queensland Electricity Acts and Regulations.
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(1)  Natural Potential Survey.
2) Testing of Insulated Flanges, Joints.
(3)  Soil Resistance Testing.
(49)  Current Drain Survey.
~(5)  Pipe Coating Anomaly Survey.
(6)  Rectifier Loop Resistance.
(7)  Foreign Structure Interference Survey and Mitigation.

(8)  Final Potential Survey and Commissioning,.

(6.0) CONCILUSION
Full Cathodic protection has been achieved on this section of trunk mains. The

cathodic protection system is registered with the Queensland Electricity
Commission and has approval to operate.

(7.0) MAINTENANCE

The cathodic protection system is maintained on a monthly basis after
commissioning. These checks involve testing rectifier operation and recording
of pipe to soil potentials. '
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12th Octoberct¥92dic Protection System - llaweena Street - Trunk Water Main - OM Manual

Electrical Workshop
Cathodic Protection

CPS Monthly Maintenance Details.

Required:

1/ Notify plant operator and/or sign entry logs where necessary.
2/ Have appropriate keying.

Labour:
One tradesperson, one vehicle. 20 minutes per site.
Procedure:

.1/ Identify installation.
. 2/ Check system for operation.
3/ Record voltmeter.
4/ Record ammeter.
5/ Comments.
6/ Log entry.
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13th Octoberd®83dic Protection System - llaweena Street - Trunk Water Main - OM Manuall
Electrical Workshop
Cathodic Protection

CPS 6 Monthly Maintenance Details.

Required:

1/ Notify plant operator and/or sign entry logs where necessary.
2/ Have appropriate keying.

3/ Set of tools. (Electricians)

4/ Multimeter.

5/ DC clampmeter.

6/ Copper sulphate reference cell and leads.

7/ Cleaning equipment.

8/ Gatic cover lifters.

Labour:

One tradesperson electrical, one laborer, one vehicle.
Two hours per site.

Procedure:

1/ Identify system.

2/ Check system for operation.

3/ Record voltmeter.

4/ Record ammeter.

5/ Record "on" potentials for all test points.

6/ Record "instant off" potentials for all test points.
7/ Record "off" potentials for all test points.

8/ Perform loop resistance and record.

9/ Check and record anode string currents.

10/ Comments.

. 11/ Log entry.
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13th October 199
Electrical Workshop
Cathodic Protection

CPS 60 Monthly Maintenance Details.

Required:

1/ Notify plant operator and/or sign entry logs where necessary.
2/ Have appropriate keying. '
3/ Set of tools. (Electricians)
4/ Multimeter.
5/ DC clampmeter.
6/ Copper sulphate reference cell and leads.
7/ Cleaning equipment.
8/ Gatic cover lifters.
9/ Rectifier load bank.
_ ’ 10/ PCS2000 Detection Equipment.

Labour:

One tradesperson electrical, one laborer, one vehicle.
Eight hours per site.

Procedure:

1/ Identify system.
2/ Check system for operation.
3/ Record voltmeter.
4/ Record ammeter.
5/ Record "on" potentials for all test points.
6/ Record "instant off" potentials for all test points.
7/ Record "off" potentials for all test points.
. 8/ Perform loop resistance and record.

’ 9/ Check and record anode string currents.
10/ Load test rectifier for 10 minutes.
11/ Check all switchboard and testpoint terminals for tightness.
12/ Check all switchboard and testpoints are labelled and I.D. tags attached.
13/ Check plans are correctly drawn and modify if necessary.
14/ Remove and inspect anodes.
15/ Recheck all interference (CPS) bleeds.
16/ Pipecamp structure if applicable.
17/ Apply for "continue to operate" permit if applicable.
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Brisbane Water Engineering Services

Electrical Engineering Unit

Date: 12th February 1996

System:
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Q-Pulse |d TMS1264

llaweena Streé: Trunk Mains
Cathodic Protection System reference potential and earth resistivity araph.(755 Dia only )

Test Point |Distances |Potentials to CuSO4 Resistivities
number to T.P. Natural Off On at 2 metres

(metres) (mV) (mV) (mV) (ohm.metres)

1 0 -729 -885 -1114 5.53

2 579 -780 -756 -1320 55.29

3 947 -715 -740 -1178 41.47

4 1027 -1085 -811 -1189 41.97

5 1720 -306 - -523 -645 81.68

Graph of potentials and resistivity vs pipelength
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Cathodic Protection Sys’refn - llaweena Street - Trunk Water Main - OM Manuall

Brisbane Water Engineering Services Ph. 34031838 Fx. 34031839
5 Bunya Street

Electrical Engineering Unit _ ' Eagle Farm Q 4009

Cathodic Protection System Loop Resistance

Date 12th February 1996
Cathodic Protection System: llaweena Street Trunk Mains.
System Operating Volts: _ 2 System Operating amps . 1
Test Voltage: Test Current:
(volts) (amps)

Loop Resistance
(ohms)

‘ | 3.478261

Gfaph of System voltage vs current.

12

10 -

Voltage (volts)
»
T

4 —
2 - s
0 1 1 L i !
0.5 1 1.5 2 25 3 35
Current (amps) '
TESTED BY M.McCORMICK
03/22/96 LOOPILLA.WK4
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INDUCTION TESTS
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Cathodic Protection System - llaweena Street - Trunk Water Main - OM Manual

PROJECT:- lilaweena Street . DATE:- 22 February 1996
LENGTH OF MAIN Appox 1Km
DIAMETER OF MAIN 755

LOCATION OF MAIN

llaweena Street ,Drewvale

D.C. OUTPUT
Nominated Actual Forward Actual Reverse
Voitage Voltage Current Voitage Current
: 6 6.3 0.031 6| 0.03
9 9.49 0.027 9.52 0.0287
12 12.62 0.025 12.67 0.0249
A.C. OUTPUT
Nominated Actual Forward Actual Reverse
Voltage Voltage Current Voltage Current
6 6.05( 2.7 6.5 0.6
9 8.5 3.65 9.29 0.96
12 12.02| 4.8 13.46 14
PERFORMED BY :- M. McCormick

Active 21/07/2015
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Cathodic Protection System - lllaweena Street - Trunk Water Main - OM Manudl

Brisbane Water Engineering Services CP Form No. 28|
Electrical Engineering Unit

Cathogic Protection Bleed Point Details Form

Project .ILLAN EENA..o ST, Date .2l l2z9.%.....

Bleed Location .. 35 4. Tokle k... CPB No. - Bibfrceeerccerecn

FOREIGN STRUCTURE OWNER: (¢

JLACEENA ST QEC Towed LEE

F.S. LOCATION:

F.S. IDENTIFICATION:

REFERENCE POTENTIALS TO F.S. PRIOR TO BLEED CONNECTION:

REFERENCE TYPE: - - — LSy .

POTENTIAL OFF:  —T5'§ Ls v/ ON: 55§ v swi+db

BLEED TYPE: Sacpincal _Onode. . 29 JU o Groanwd
BLEED MATERIAL: 2N _Red )

BLEED WEIGHT: |

BLEED O/C POTENTIAL: 4, 79 m¥

BLEED CURRENT OFF:__ &0 va/ ON: ST my

REFERENCE POTENTIALS AFTER CONNECTION TO FOREIGN STRUCTURE:

Bond Off Bleed On Resultant
(Rectifier Off) Swing
Bleed Off | Bleed On Swing Bond Off | Bond On Swing
5% |Tu 5 |-iga |[“TeT [ 729 | Fik — g

FOREIGN STRUCTURE OWNER AGREEABLE WITH MITIGATION? (Y/N) Y/ 25

IDENTIFICATION TAG INSTALLED? (Y/N)  Jes
COMMENTS:
a2 Rasp o
'/J WER H -
INSTALLED / TESTED BY .............. Ve 03T

Revision 09/28/95
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, 17
A
3
0
—_— )/ j
REFER MOTE < @/ . Z31.!0--5;.11:( l { REFER NOTE 11

TYPICAL TOWER CONNECTION

NOTES

1 ANODE CABLE TU SE BURIED AT A OEPTH OF 300m:n 70 A DISTANCE
GF 500nm FROM TOVER LEG AND 600mn THEREAFTER

2. ANGOE CABLE TO BE PROTECTED BY A FLEXIBLE (ONDUIT FRMLY
ATTACHED TO TOWER STUB ANRD CONCRETE FOUNDATHIN RUNNING ON
MSOE OF TOWER LEG.

i 7O ALLOV FOR DFFERENTIAL TOWER SGH. MOVEMENT ALL i
RISES SHALL CONTARY APPROXBMATELY 300mm SLACK -

a CABLE TO AMGDE CONNECTION T GE MADE BY BOLTED LUG R |
CADYELD AMD ENCAPSWLATED BY A SUITABLE TWO PACK TPOXY
RESEY AND AITTED SATH A MASTIC UINED POLYETHYLEN HEAT :

3 SACRIRIOAL ANGLE T0 BE NSTALLED AT A MNIUM OFPTH GF 500man i
N CARBONMACEQUS BACOUFEL WITH THE FOLLOWRG NUSENAL _
COMPOSITION: :

cARBON ns%

® s S

!
;
i
|
i

|
] - a
Sucw  am .
2 Lo
& 1 4 A
55 |ruoome cosour T as axon METAL PREFERFED { Do
L | GhounDms cLAM® AS REUD | AL TYPE STG-75 OR EOWVALENT ! ‘
4..} 3 |MEX BOLT & NUT M2 5 (G 70 ST AS REOD WTH ALAT AND SPRIRG VASHER SS L
g 2 SACRIRUAL ANGDE AS REOO TG A0D 1500x:5235 OR SMLAR - T8 AS 2239 I t
{2 1 anane canie AS REQD | SomstPVC INSULATED COPPER i
{PT NG DESCRIPTION [ NQ OFF | DORG NO REMARKS | STORES CAT NG | |
g ' MATERIAL LIST
SUBNTTOD | Powersik _ LOCATION KONTARDER PPOJECT |ORG Q@ ass |
joRAw S O i|RECOen | g s IR
i . SACRIFCIAL ANODE CONNECTIOwN . NEXT
II:E lsc | aperoven | 4.2k A2-H-114457-01 | »&
ﬁmumu ' : TO LATTICE STEEL TOWERS 1 T | I
. . B
‘ 3 5 s | . 7 3
¥
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BHSbane WﬂEGE Eﬂ&!&%?ﬁéﬂgnggenﬂ%ﬁir Trunk Water Main - OM Manu q:P Form No. 27

Electncal Engineering Unlt :

Cathodic Protection Interference Survey Resuits Form

oroject JLAANEENA ST Mai

755 MM.

Reading TeTt Somt Location Swing
on |-3%6 my ~QEC TowéR
Off —39;,«;;/ Lo ?OJZ EASEMENT Nie
on |~43lmy QecC TOWER
off  427my|lec 04| EAsSEmenT - Luv
on |-2¢7AV QEC ToweR
off J90mV Lea S04 Bricu Pace +3mv
on |-285mV Qe ToOWER i
of |-agg m|les 902 BrLieH Place +3mV
on |-44bmV] Qec ToweR |
off |~470 MV Le6 02| lecawesena ST Corner +24nV
On ' -aé-],,'v . QEC TowéE R
off  |-49 3, JLE6 80 i AwEENA ST CogueR A1V
on |-4oomv | QREC TowER,
ot 1~395nv| Lee §92| 11LavEENA ST. orp_ Rectiruir at 1a1%
on |=3éimf deC TowER
off |-350~V] LEG YOH [ccaweecwa ST P ﬁ;a—,ﬁ,&ﬂ- lHmv |-
on |-/4gS5mV _
off |-liysmy Gas | QEC. EascmenT Nl
on |~435uv| MEN | SEQEBR Pocé QA5 4
off -36(mv [LiawEENA ST - é?vﬂ/
On - A9 MV SEQEB e 2247
of  |-283md MEN | Toanse focan Muway| =~ Tmv
on |=957mv| - - SEQFR [Rce 406%
off |-553mv| MEN | Daversen ST “4Lnv
On_ |=337AaV] SEQER ForE 27231
off  |-337mV| ME N |/ LLAWEENA ST NiL
on |-358mV] SEA LR Poce27235
off 35%mv | MEN| leipwcen A ST NI
on |-36imV SEQRER Foced7a3p
off F3GimVIMEN | 1 UAweena ST Nie

TESTED BY

Revision 09/28/95
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Brisbane Water Eﬂgiﬁeﬂfi&ﬂgllls&ﬁiﬁe&f - Trunk Water Main - OM ManudEP Form No. 27

Electrical Engineering Unit-

[ Reading | Test Point Location ~ Swing
- 1. D.

on [-3314V SEQER P& 272 40
" off |33 mV | MEN |ILLAwEENA ST Nl
on_ [=337mV| | SEQER Poce 27242
off |-337mv| MEN | GowAnN Ro. - NiL
on F47amvl SEQER Foce 31392 | '

S "ot |y7aal| meEN | 1LaweEVA ST Nl
@ | on  [-%samv| | | SERER fAce 33354
| | o [e52mv| MenN | [teaweena ST, NiL
o On : ' '
| off
On
off -
On
Off
- On
Off
On
Off
On
Off

. On

On
off
On
_Off
On
Off
On
Off

TesTED BY ... e M CoR ALK

off R

Revision 09/28/95
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Electrical Engineering Unit

Brisbane WATEF EnGinGarify Services ™ oo o OMMIg eorm no 18|

Standard Cathodic Protection Test Point Data Gathering Form

ZINC REFERENCE TO PIPE
CuSo4 REFERENCE TO PIPE
ZINC TO CuSo4

EARTH TESTING
TEST NO. 1
PIN SPACING
MEGGER READING

TEST NO 2
PIN SPACING
MEGGER READING

TEST NO 3
PIN SPACING
MEGGER READING

COMMENTS / LOCATION DRAWING

Project S4sMARIEEN TTREE ... Date ....1R. 1 Q.35
TP Location .REL....ERSEMENT............c...... TP No. ....... I S
Mains Size ... 128....®.. &2 e, TP Type...B......
POTENTIAL TESTING 155 [ T2

CATHODE TO CATHODE RETURN (RESISTANCE)

oifl. i

14372 YA +LSimV
= LS eV =185 ¥
~ N5 LeeM =1 M

RESISTIVITY wy. u) MM

RESISTIVITY

S ComstrT (36 )

L '— MR EASEIEN
. L '-S"\ o . :
»-L P ‘-:#_Dl
0
(4]
i
1585 - )
2
L
-‘
L —»—‘-(-'&M — i

INSTALLED BY mm(mzmﬂwﬂ ............................................. .

Revision 01/31/96
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ngineering Services ~ CPFom No. 16

Brisbane Water E
Electrical Engineering Unit

Site Plan Drawing Sheet

Project XLLAMEERA.. TAREE s
Date ... @ n 6 ..
’ ECerre ggae\w:,(.; i
3 xIlrn™ cpRi s
- g — - — QEG a%smawr:-—-'fmw~x;l-='==» e o
F 3 | ] _ <
5 ' b T/tanw é
® ' -
| rinm = pa
0 Tlranms T
A
| 155 Tframin
G)
! 2
| b
X
| i
o — —l-;a—— NETL EDSEMENT - e - e - e s e —
d
4]

® 10— feolk——— 3 m 2

| t : o

300 papn = 2

| :§

, . :

; b

Z s

< 1 l
S

COMPILED BY oo oo,

- M

Revision 09/28/95
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Brisbane Water Engineering Services CP Form No. 16

Electrical Engineering Unit

Site Plan Drawing Sheet

------------------------------------------------------------------------
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Dept of Water Supply and Sewerage
Eagle Farm Pump Station
Eilectrical Workshop

Brisbane Cltycokdﬁléﬂ.up FroTeCHorm SystenT - Illm o||€'é’n = ITOTTIR VYV Oret .v@]n UIV-I TVICTTOTT
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Cathodic Protection System - llaweena Street - Trunk Water Main - OM Manual

STUDY
on
ELECTRICAL HAZARDS
o PERTAINING TO THE 755 dia.
M/S TRUNK WATER MAIN
FROM KURABY TO ILLAWEENA STREET
DUE TO THE PROXIMITY OF

A Q.E.C. 275KV TRANSMISSION SYSTEM

for

- THE BRISBANE CITY COUNCIL
DEPARTMENT OF WATER SUPPLY
AND SEWERAGE

by B.M. BYRNE
2. 1. 1995
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Cathodic Protection System - llaweena Street - Trunk Water Main - OM Manual

B.M. Byrne, B.E.E., C.Eng., R.P.E.Q., M.L.E.E.

Registered Professional Electrical Engineer
Consuiting in . Plant Protection
. Electrical Overvoltage
Protection
. Personnel/Electrical Safety
. Corrosion Control

118 Central Avenue
Indooroopilly Qid. 4068

Telephone: (07) 870 1155

The Manager
Capital Projects Section
Mechanical & Electrical Services Branch
Brishane City Council
o GPO Box 1434
BRISBANE QLD 4001

Attention: Mr. J. Say
Dear Sir,

HIGH VOLTAGE, LOW FREQUENCY INDUCTION (L.F.l.) and EARTH POTENTIAL RISE
(E.P.R.) STUDY, KURABY TO ILLAWEENA STREET RESERVOIR BULK SUPPLY MAIN

Foreword:

This study is made on the assumption that the subject Bulk Supply Main will be
installed in the manner and in the position described in Brisbane City Council (B.C.C.)
. drawings 486/4/6 - W100 LOLO and 486/4/6 - W100 4IP to 486/4/6 - W100 48GD.

Scope:

The study is prepared in response to B.C.C. letter of 2 November 1994, ref. J.S. .
lllweena, requiring "identification of any hazards due to induction and EPR due to QEC
operation current, Q.E.C. fault condition or lightning strike occurrence”. The existing
trunk mains are taken into consideration accordingly, and some aspects affecting these
are covered in "Discussion" at the end of the report. The overall length of the pipeline,
scaled off the above drawings is 1380m.

The matter of precautions during construction are also addressed, and the essentials of
this matter have been advised to Mr. Say, in advance, by telephone. Comments are
offered regarding the interaction of Cathodic Protection (CP) on the older trunk water
main, and the protection earthing on both the proposed and existing mains, and its
effect on C.P. on the new main.
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Cathodic Protection System - llaweena Street - Trunk Water Main - OM Manual

The findings include the specifications required for protection earthing. This is listed in
the "Discussion" at the end of the document.

Appendix 1 lists several references, and formulae required for calculations in this study.

Appendix 2 lists specific data and measurements necessary for the study, and the
origin thereof. :

The Findings:
(a) The tevel of load current induction is of no consequence whatever.
(b} The fault current induction level, calculated at the worst case condition is severe

enough - nearly 500 volts - to require mitigation action. This action is detailed in
the L.F.l. study and referred to under "Discussion". The effect on Cathodic
Protection is also discussed.

(c) Earth Potential Rise from L.F.l. is not of major concern, for valves, test points
and the like more than 20m from any transmission tower. A figure of 50m
' tower isolation is preferred for lightning protection.

(d) Some adjustment to protective arrangements on existing trunk mains would be
. to advantage. This is referred to in "Discussion”.

(e) Earthing arrangements during construction will be necessary. This is detailed in

the Study.
(f) Some aspects of lightning effects are discussed.

The L.F.l. Study:

(a) General: The exposure of the 755mm main to L.F.l. exists over the whole length
of the construction, even though it diverts from the power transmission corridor
some 160m from the Wembley Road Reservaoir.

. The power transmission line is actually two separate three phase feeders - one
from the Belmont Substation, and one from Mt. England Substation. Both
feeders are tied in to the Q.E.C. mesh on either end, with the result that fauit
current will flow from either end of either feeder in the event of a faulted tower.

(b) Load Current Induction: The Q.E.C. has adopted a careful and well engineered
approach with the design of both its E.H.V. mesh and with the use of dual
feeders. Each route with dual feeders has the system so arranged that the rated
load current on the pair of feeders on either side of a sequence of towers is
approximately equal. In addition, the arrangement of conductors/phases are in
electromagnetic inverse in each pair of feeders. Thus the feeder on one side of
the tower string will be {(e.g.) A.B.C. phases, from top to bottom, all in a vertical
plane. On the other side of the tower string, the phases would thus be C, B, A
from top to bottom. Long feeders are divided into three lengths, and the phases
are transposed at these third points (at quite some cost). One such transposition
can be viewed at about the mid point of the lllaweena Street/Wembley Road
Reservoir exposure. A similar phase balance is preserved between the two
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feeders after each transposition.

The result of the foregoing exercise is that an incredibly small electromagnetic

field is achieved at ground level. This has three effects: (i) a superior power
transmission efficiency result; (ii) coupling into "foreign" conductors (such as
the Water Main) is minimised; and (iii) the environmental effect is virtually nil.

In this exposure, QEC quotes the residual magnetic fieid at ground level as 10
milligauss, with both feeders operating at rated current. Conversion of this to
induced voltage is merely an application of Faraday’s Law:

E = K d&
__dt
As the quoted magnetic flux is in CGS units, the formula becomes (App.1
Ref.11}):
' E (voltage, per km) = B (flux) x 10° (cms/km) x V {2 7 f flux cutting
rate) x 108
ie. E = .01 x 10°x 314 x 108 Volts/km

= 3.14 millivolts per km.

This is trifling in the extreme. It would be difficuit to test for technically, let
alone to be concerned by the possibility of its being detected by the most
sensitive staff fingers. This is fortunate as there is no Australian Standard for
this limit. Even internationally, limits vary. In various countries, and even
between States in North America, limits are variously 15 V.RMS, 30 V.RMS, and
unspecified. None of these aligns with the provisions of 1.E.C. publication 479/1
(Effect of Electric Current on the human body) either.

(c) Fault Current induction: This is the most serious part of the study. The fault
clearance time of both the 275kv feeders is stated by QEC to be 100m.sec. The
feeders are Category A, that is, the fault incidence is "a few" earth fauits per

' 100km per annum. The significance of these aspects will be considered in
"Discussion" below.

The highest zero sequences (phase to earth) fault current on any of the four
feeder directions is 3.9 kA. (From Q.E.C. App.2.) on feeder 804. The faulted
tower wouid necessarily be beyond the exposure to have maximum effect.
Q.E.C. advises that the customary calculation figure of 10 ohms earth resistance
has been incorporated in this fault current calculation. An allowance for arc path
resistance (usually about 4 ohms) has not been made.

By combining this fault current figure with the deep resistivity figures provided
by B.C.C.'s Mr. Say, and the juxtaposition of the two services (power and
water) shown on the B.C.C. plan, it is possible to derive an induced voltage,
using the formulae and process listed in Appendix 1. The "deep" resistivity
figures will only be an approximation, but on experiences in the Brisbane area,
will be a sufficiently appropriate indication of the effect of geological conditions
pertinent to the current return path.
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The exposure has been subdivided into four lengths, shown as (a), (b), (¢}, (d) in
the table below. (a), (b) and (d) are parallel sections, but (c) is a 45° divergence
between the services. - A geometric mean distance "D" has been derived for the
equivalent spacing for this angled section. It is listed in Table 1, Col.4.

Distances shown are scaled from the B.C.C. plans. A shielding factor of 0.9 has
been quoted by Q.E.C. for the overhead earth wires (O.H.E.W.S.). A further
shielding factor of 0.5 has been included for the presence of the ferrous existing
water main(s). Some comments are made under "Discussion” on this matter.

The coupling factor, "C", in the sample equation below, is derived from the
material and references in App.1, ref.7.

Section Length, Map Location Spacing Resistiv- | OHEW Environ C
Metres D ity ohm shielding | mental Derived
“metres &metres shielding
20m pin
spacing
‘ {a) . 420 llaweena St. 39 27 .9 .5 .16
{b) 670 Q.E.C. Easement 32 68 .9 .5 .21
{c) 160 Q.E.C.easement 72 353 .9 .5 2
to-foot of
Reservoir Hill
{d) 130 Up hill to 200 643 .9 .5 117
Reservoir

Table 1. Induction Parameters for the several Exposure Sections, with the derived
coupling factors.

A sample calculation, for (a} above:

(a). E {voltage) C.I.LL.K. (Ref.7, App.1)
Coupling Factor x Amps x Kms x Shielding factors

.16 x 3900 x .42 x .5 x .9 volts

‘ = 117 volts
Similarly (b) = 247 volts

{c) = 70 volts

(d) = _60 volts

Total = 494 volts

It will be observed that the coupling factors are fairly uniform, due to the resistivity
fortuitously increasing as the separation increases at the reservoir end.

This uniformity means that it is a simple matter to prescribe safety working length for
construction staff, as induced voltage will be in almost linear relation to the pipe length.
The induction per 100 metres is 38.6 volts. See "Discussion”.

Reduction of the extent of exposed voltage from the total of 494 volts can be achieved
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by causing the electrical condition on the pipeline to change from static to dynamic
conditions. This requires the instaliation of and connection of a low resistance earth
electrode at each end of the pipe. When this is done, a substantial current will flow,
under the influence of the induced volitage, being limited only by the resistance of the
earth electrodes (in series) and the reactance of the pipeline. The resistance of the pipe
steel is negligible, (See App.1 Ref.10) at about .0006 ohms/km.

The reactance of a ferrous pipe, with an existing ferrous pipe adjacent is uncertain. It
will be greater than the figure for a single pipe, and would be worth measuring (see

"Discussion”) for future calculations.

An inductance of 10 mH/km, based on earlier measurement experience, will be used to
derive approximate circuit impedance.

The reactance in ohms, of an inductive component is given by the formula R, = 2 7 f.L
where L has been assigned the figure of .01 Henry
. : = 2 x 3.14 x 50 x .07 ohms/km

3.174 ohm/km

Due to the very high earth resistivity of the Reservoir hill, it will be impractical to instail
a low resistance earth electrode there. The nearest location where it may be achieved
is at the foot of the hill where the Trunk Main and Power transmission lines separate.
This is about 1100m from the lilaweena Street commencement of the project. The
reactance of the pipe over this length would be 3.45 ohms. The induced voitage would
be about 434 Voits (60 V on hill section excluded).

Considering the total circuit impedance for three pairs of earth electrodes (of R ohms):

() 1 ohm each end
(i) 2 ohms each end
(ii) 3 ohms each end

Vv R? + R’ ohms

The impedance Z

i.e. 2,

Vv 22 + 3.45°

Vax11.9

= 4 ohms

Similarly Z; 5.3 ohms
The current in each case would be'

E
z
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6.
Ly = 434
4 Amps
= 108.5 A
Similarly Iy, = 81.9A
L = | 73.6 A
The Voltage appearing on the pipeline E, at each end would be
| Eo = l.R.
(iE, = 108.5 x 1 = 108.5 volts (1)
(i) E, = 81.9x 2 = 163.8volts  (2)
(iti) Eg = 73.6x3 . = 220.8volts .3
. In addition, at the reservoirs, because the proposed earth electrode is at the foot of the

hill, the 60 volts induction from the electrode site must be added to the above figures,
for the pipe at the reservoir end.

These voltages are for the period of the power line fault duration (see "Discussion" for
significance).

A further point is that these figures are "worst case" - and not the likely arc path fault
condition which would reduce the fault current to about 3.55kA. This would in turn
reduce all voltages calculated above by about 10%. Some considerations of this matter
are made under "Discussion".

Earth Potential Rise (EPR):

This condition occurs when a current discharge from the Transmission Line Earthing
System occurs. The common - even nearly exclusive - methanism is pursuant to a

. lightning flash attachment to the O.H.E.W. of the line. The lightning current, in the
range from 10kA to 200kA, but commonly about 30kA, then proceeds to ground via
the nearest tower, or pair of towers if the flash attaches at a mid span point. The surge
does not effectively proceed further than to the nearest tower as the rise time of the
wave is very short, in the order of a microsecond. Longer paths to other towers
present too high an impedance for any significant current dispersion.

The initial effect is to cause a very high voltage to appear at the top of the discharge
tower, which voltage may or may not be sufficient to flash over the line insulators,
normally to an uppermost phase wire. '

This has two possible effects:

{i) The lightning current itself discharging to ground causes an enormous
momentary E.P R. around the tower, in accordance with the formula (App. 1
Ref.9) V =1lp
. 2md
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V is Voltage in Volts

{is Current in Amps (Lightning.)

o is Soil Resistivity in ohm metres

d is the distance from the injection point, in metres.

The tower is considered to be a point, provided d is more than 5 times the diagonai of
the tower footings. For lesser distances a more detailed analysis is necessary for
accuracy. Variationin p in the earth also leads to some inaccuracies.

(i) The follow through current from the transmission line conductor along the
lightning generated arc path occurs. Because the 50Hz supply is far less subject
to minor reactance figures in the O.H.E.W., this current is distributed over some
dozen or more towers on each side of the fault, as well as along the O.H.E.W.
back to the substation. The maximum tower current, nearest the originating
lightning flash would be in the range 5% - 10% of the calculated total fault arc

‘ path current. The figure reduces as the distance from the substation reduces.

For this exposure, calculations have been made on a tower current of 300 amps (8.5%
of total).

The figures for p for calcuiating EPR are those derived from the 4m pin spacings. These
figures give the averaged resistivity at 3m depth. This equates approximately to both
the tower footing base conditions, as well as to the pipeline current level conditions.

The main variation in EPR lightning hazard in a power line corridor over the open field
situation is that the lightning flashes in the corridor are virtually all intercepted by the
O.H.E.W’s. This in turn ieads to all flash current appearing at the nearest tower. Thus
the incidence of current discharges to earth per unit area adjacent to a tower is about
fifteen times that of the open country figure. : '

Step potential may now be calculated at the worst {highest surface earth resistivity)
tower location which is near the C.P. rectifier on the existing trunk main.

. {a) Liahtning, at a fairly nominal 30kA flash current:-

From App.1 ref 9,

\Y) = lp
2nd
atd = 20m, V = 30,000 x 170 volts
6.28 x 20
= 40605 V (for several microseconds)
atd = 21TmV = 38672V (for several microseconds)

The step potential is thus 1933 volts per mertre.: This figure is unsafe, and clearly
indicates that 20m proximity from a tower during a local thunderstorm is to be avoided.
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It might be noted that well insulated work boots wouid withstand this figure. The
security of the pipeline, at 20m approx. spacing would appear to be adequate, as the
coating would have a withstand of upwards of 50kV. Also, the earth resistivity falls
away to a much lower value with depth, at the C.P. rectifier site. The probability is
that the majority of the discharge would proceed downwards, i.e. away from the pipe,
thus reducing the electrical stress on the coating.

{b) The follow through transmission line current was noted above as 300 amps per
tower, for a duration of about 100ms - protection operate time. At the worst surface
resistivity figure of 170 ohm metres near the C.P. rectifier, this results in a 20m E.P.R.
of:

= 300 x 170 Volts
6.28 x 20

= 406 Volts
This is of no consequence to the pipeline coating. However operatives engaged in C.P.
testing should be aware of the circumstances, particularly if engaged in running out test
cables to earth stakes in a radial direction from the nearest transmission tower.

Step potential at 20m would be only about 20 v/metre.

Construction staff might aiso exercise caution in the layout of long pipe lengths in
directions radial to any nearby tower. The matter is developed further in "Discussion.
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Discussion:
(A) LF! - Fault Current

It is always a point of concern whether to calculate worst possible induction figures -
that is, a fault current in the worst position relative to the exposure, combined with a
conductor to tower fauit. This aimost never happens - except perhaps in a cycione
when a complete metai roof structure is hurled through a transmission line. As the
prospect of anyone working on a trunk main in a cyclone is virtually nil, the figures in
the L.F.l. fauit study above are about 10% higher than the "worst-likely" situation.
Further, the incidence of phase to ground fauits on Category A (or Category 1) high
security transmission iines is of the order of "a few" per 100km per annum - scarcely a
very high risk situation. This of course refers to the whoie iength of transmission
feeders - the exposure concerned will suffer the induction from a fault 10, or 50, or
more kilometres distant.

. The great majority of phase to ground faults are lightning initiated, with an arc flash

over the line insulators. This provides a path for the E.H.V. supply to flow to earth. By

. inference, the risk is during thunderstorms - even those over the horizon - through
which the transmission iine passes.

As a construction project such as this may well take a few months, the likelihood is
that a fault surge wiil occur during this time, on one of the feeders concerned.
Consequently, a length of jointed pipeline will undergo induction and a worst case in the
study vielding 38V/100mm. There is no co-ordination Australian standard, so the limit
suggested is derived from AS3859 (The Effect of Electric Current through the Human
Body) (App.1, Ref 12).

At 50Hz, with a current duration of 100 mS max., the fibrillation danger condition
occurs for a 1000 ohm hand to hand path at about 400 mA. Adopting a factor of
safety of 2, plus the possibility of a lower resistance path - i.e. both hands to torso, the
suggested limit is around 100-150 volts, for construction activity.

This limit will be reached on a 300m length of pipe. If the instalied pipe is not jointed
to any earthed object at either end, it will have an inherent electrostatic capacity to
. ground of perhaps 1 microfarad - depending on the coating type. This corresponds to a
reactance of 3000 ohms, which would materially reduce the body current to ground.
However, it would seem unwise to rely on the continued isolation of such a pipelength.
indeed the time would arise when it had to be jointed to existing mains at one end, thus
" producing a maximum hazard at the other. ‘

Consequently, it is recommended that any jointed lengths of pipe of 300m be earthed
to temporary electrodes of 2 ohms or less at each end. These electrodes could be left
permanently if desired, but see comment on Cathodic Protection below.

All earthing cables, temporary or permanent should be 35mm? and insulated.

The final construction would also need electrodes at each end, in accordance with the
calculations in the study above (see equations (1), (2), (3) in the LFI Study). Whilst one
ohm electrodes would be preferred, to reduce the shock energy to personnel, two ohm
electrodes would suffice. In addition, the electrodes on the existing whole exposure
length trunk main couid well be checked, and if over two ohms, be supplemented to
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achieve two ohms. The effect of two paraliel pipelines with loop current protection is
synergistic - each lends a measure of electric field suppression to the other. indeed,
with two pipes thus served, the third pipe, which is only along portion of the exposure,
would be adequately protected without further action.

The matter of installing earth electrodes impinges on the cathodic protection design.
Whilst polarisation cells can be installed in series with the earth electrodes to contain
the C.P. current, vet pass the induced fault current, there are some negatives to this
procedure. The long term performance, durability, robustness and resistance to
vandalism is a matter for maintenance concern. |f on the other hand, earth electrodes
are left directly connected to the ends of the pipeline (and perhaps “temporary"
intermediate ones as well), the effect on the C.P. design will not generaliy be of much
concern.

The C.P. system will depress the natural pipe potential by something in the order of one
guarter of a volt. Ignoring polarisation, this will cause each one ohm electrode to pass
about a quarter of an amp (or two ohm eiectrode, each one eighth of an amp). Iif, say
four electrodes, each of 2 ohm resistance to earth ate ieft in situ then the total drain on

‘ the C.P. system is only half an amp. As impressed current C.P. is the norm, this is of
no consequence. Indeed two pluses occur: (i) The earth electrodes are now under
cathodic protection and (it) The current demand on a relatively short exposure (1.3km in
this case) of the well coated pipeline is in the order of a few milliamps, which is difficult
to regulate on the C.P. rectifier. The appearance of a holiday in the coating - for
example by excavating machinery - will place a demand of perhaps ten times the
pipeline initial current. This may well go unnoticed unless the C.P. system has a
potential alarm. However, if there is a "ballast" load of half an amp to the earth
electrodes, such extra demand wili be in the order of 5% only - not enough to even
justify resetting the rectifier.

Grading Rings (Partial Faraday Cages). The only location where a grading ring would be
necessary is at the reservoir end of the pipeline. This is because the loop current
protection would cease at the foot of the hill, and the total LFi/fault voitage appearing
on the pipe wouid be in the order of 260 Volts (worst case). [f however, the pipe is
bonded or jointed into other pipes or a metal reservoir, this grading ring would be
unnecessary.

. (B} The load current induction, as noted in the survey, is of no consequence.

(C) Earth Potential Rise was calculated to be of serious note from lightning flashes,
when proximate to one or other of the transmission line towers. As the likelihood of
work proceeding on the pipeline during a local thunderstorm seems remote, this is of .
not much concern. Nevertheless, the need to take cover, e.g. in a rubber tyred vehicle,
during such local storms is emphasised. If on foot, paradoxically the lowest hazard
area will be found directly beneath the line conductors in mid span. Nowhere in an
exposed site of course is totally safe from the enormous energy levels in lightning -
flashes.

The EPR level from current follow through on towers after an arc occurs across
insulators would appear to be only of concern to staff running test leads for electrical
measurements, with leads of 20m or so, radial to transmission towers. Again, this
would be only in the vicinity of a local thunderstorm, and consequently not of great
concern.
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Grading rings, for E.P.R. protection, would only be required on scour valves and
associated fittings, if within 20m of any tower. [t would be preferred practice to site no
metal access devices connected to the pipe within 50m if possible, to minimise
lightning E.P.R. conditions aiso.

Other Hazards

1. The construction aspects of handling long pipe sections adjacent to E.H.V.
electrical transmission lines has not been addressed. Obviously, construction
designers would be acutely aware of the physical hazards. Nevertheless, it is
desired to raise the statistic that over 10% of the several dozen (average) annual
electrical incident fatalities in Australia, relate to contact with overhead
conductors by metal pipes being manipulated under power lines.

2.  Electrostatics

The presence of an insulated conductor i.e. on a rubber tyred vehicle) near a

power line will be sufficient to induce, capacitively, some voltage. Provided the

. distance is several metres, this will not be of personnel concern. However,
' contact of the charged pipe with earthed objects can give rise to a spark
sufficient to ignite spilled fuel. It can also cause secondary accidents, if such a

discharge involves personnel in precarious positions. It is assumed that
construction precautions in this environment have not been called for in this
study. :
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Appendix 1

Written References pertinent to Induction Studies and Earth Potential Rise Calculations;
also relevant formulae and their derivation.

1. Sunde, E.D. "Earth Conduction Effects in Transmission Systems". Van Nostrand.
New York, 1949. ‘

2. Westinghouse Electric Corporation, U. S A. "Electrical Transmission and Distribution
Handbook" 1950.

3. "Application Guide for the Low Frequency induction Code" by the Central Joint
Committee for the Co-ordination of Power and Telecommunications Systems. 1981.

4. Code of Practice for the Protection of Personnel and Equipment against Earth
Potential Rise caused by High Voltage Power System Faults - same origin as (1) above.

' 1984.

5. Australian Standard AS2832.1 - Guide to the Protection of Metals, Pipes, Cables
and Ducts.

6. Australian Standard AS3859 - Effect of Electric Current Through the Human Body.

7. E = CILK. This is the traditional induction earth fauit current formula, from
Reference 3 page 8. It will be found in other texts, e.g. Ref. 2, page 41.

E = The induced longitudinal voltage between the ends of the exposure (volts)
C = The mutual impedance per Iength of exposure, without shielding, at 50Hz
- see below.

! = The inducing (zero sequence in this case) current, in amps

L = Length of exposure (possibly Cosine 8 if the paths are not parallel) in
. ' kilometres
K = The shielding factor (0 < K < 1) due to the presence of modifying
conduction.

C is a complex quantity and is expanded to:

C = 2nf [log, (1 + 6 x 10° p) x 10 henries/km

d? f
f is frequency (50Hz)
fol is soil resistivity in ohm. metres
d is spacing in metres hetween earth return circuits.

There are other derivations possible. However it is customary to utilise a
nomogram (e.g. Reference 3, Page 19) to derive C.
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8. Resistivity of copper at 20°C is 1.72 x 10® ohm/metre (from A.E. Knowlton,
Electrical Engineers Handbook Section 4).

9. d = b _or V = lp
2nV 2nd

This is the traditional formula to indicate the relationship between resistivity (p) Current
(), Voltage (V) at distance (d) from a current injection point into uniform soil. It will be
found in AS2832.1, Reference 6, and other Standards.

10. The resistivity for mild steel is 14 x 10® ohm/metre (from A.E. Knowiton, Electrical
Engineers Handbook Section 4).

11. Adaption from Faraday’s Law for CMF induced in a conductor in an aiternating
magnetic field (A.E. Knowlton, Electrical Engineers Handbook, Section 2)

e = B [ V 108 Voits (CGS units)
. B = flux level in gauss
| = length in cm
\ = flux cutting rafe
= w
= 2 mf (frequency)
= 314.

12. Australian Standard AS3859 - The Effect of Electric Current in the Human Body.
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APPENDIX 2
Data specific to job, and source of same
1. Resistivity of earth at various depths and locations, in ohm metres.
Pin Spacing Location 1 Location 2 Location 3 Location 4
Metres llaweena St end lHaweena St QEC Easement at At Wembley St
of section {Drg near C.P. Rectifier | foot of Reservoir Reservoir
486/4/6- Hill
Ww10041pP
4m 9.5 A 170 75 3200
* * * #*
10m 18 36 114 3397
20m 27 68 353 643

' * weighted average of two readings at right angies. Weighting approx. x 2 for
pipeline direction.

Resistivity figures from Mr. J. Say, B.C.C. Dept. of W.S. &S.

2. Effect of Power Line Load Current - both feeders operating at rated level:
Electromagnetic field at ground level, under Phase wires: 10 milligauss (Line is
Dual 275 kV 3 phase part of QEC, S.E.Qld. Mesh)

Data from Mr. T. Tuting, QEC

3. Power Line Zero Sequence (phase to earth) Fault Current at lllaweena Street (No
appreciable difference along exposure)
O.H.E.W. shielding factor 0.9
Feeder 802 - 5.69 kA (3.3kA from Belmont, 2.3kA from Mt. England)
. Feeder 804 - 6.86 kA (3.9kA from Swanbank, 2.97kA from Belmont)
i.e. 3.9kA is the worst case, with the fault beyond the exposure.

From Mr. F. Tuting, QEC
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achieve two ohms. The effect of two parallel pipelines with loop current protection is
synergistic - each lends a measure of etectric field suppression to the other. {ndeed,
with two pipes thus served, the third pipe, which is onily along portion of the exposure,
would be adequately protected without further action.

The matter of installing earth electrodes impinges on the cathodic protection design.
Whilst polarisation cells can be installed in series with the earth electrodes to contain
the C.P. current, yet pass the induced fault current, there are some negatives to this
procedure. The long term performance, durability, robustness and resistance to
vandalism is a matter for maintenance concern. If on the other hand, earth electrodes
are left directly connected to the ends of the pipeline (and perhaps "temporary”
intermediate ones as well), the effect on the C.P. design will not generaily be of much
concern.

The C.P. system will depress the natural pipe potential by something in the order of one
quarter of a volt. Ignoring polarisation, this will cause each one ohm electrode to pass
about a quarter of an amp (or two ohm electrode, each one eighth of an amp). If, say
four electrodes, each of 2 ohm resistance to earth are teft in situ then the total drain on

. the C.P. system is only half an amp. As impressed current C.P. is the norm, this is of
no consequence. Indeed two pluses occur: (i) The earth electrodes are now under
cathodic protection and (ii} The current demand on a relatively short exposure {1.3km in
this case) of the well coated pipeline is in the order of a few milliamps, which is difficult
to regulate on the C.P. rectifier. The appearance of a holiday in the coating - for
example by excavating machinery - will place a demand of perhaps ten times the
pipeline initial current. This may well go unnoticed uniess the C.P. system has a
potential alarm. However, if there is a "ballast” load of half an amp to the earth
electrodes, such extra demand will be in the order of 5% only - not enough to even
justify resetting the rectifier.

Grading Rings (Partial Faraday Cages). The only location where a grading ring would be
necessary is at the reservoir end of the pipeline. This is because the loop current
protection would cease at the foot of the hill, and the total LFi/fault volitage appearing
on the pipe would be in the order of 260 Volts (worst case). If however, the pipe is
bonded or jointed into other pipes or a metal reservoir, this grading ring would be
unnecessary.

. (B) The load current induction, as noted in the survey, is of no consequence.

(C) Earth Potential Rise was calculated to be of serious note from lightning flashes,
when proximate to one or other of the transmission line towers. As the likelihood of
work proceeding on the pipeline during a local thunderstorm  seems remote, this is of
not much concern. Nevertheless, the need to take cover, e.g. in a rubber tyred vehicle,
during such local storms is emphasised. f on foot, paradoxically the lowest hazard
area will be found directly beneath the line conductors in mid span. Nowhere in an
exposed site of course is totally safe from the enormous energy levels in lightning
flashes.

The EPR level from current follow through on towers after an arc occurs across
insulators would appear to be only of concern to staff running test leads for electrical
measurements, with leads of 20m or so, radial to transmission towers. Again, this
would be only in the vicinity of a local thunderstorm, and consequently not of great
concern.
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Grading rings, for E.P.R. protection, would only be required on scour valves and
associated fittings, if within 20m of any tower. It wouid be preferred practice to site no
metal access devices connected to the pipe within 50m if possible, to’ minimise
lightning E.P.R. conditions also.

Other Hazards

1. The construction aspects of handling long pipe sections adjacent to E.H.V.
electrical transmission lines has not been addressed. Obviousiy, construction
designers would be acutely aware of the physical hazards. Nevertheless, it is
desired to raise the statistic that over 10% of the several dozen (average) annuai
electricai incident fatalities in Australia, reiate to contact with overhead
conductors by metai pipes being manipuiated under power lines.

2. Electrostatics

The presence of an insulated conductor i.e. on a rubber tyred vehicle) near a
power line wiil be sufficient to induce, capacitiveily, some voitage. Provided the

. distance is several metres, this wiil not be of personnel concern. However,
contact of the charged pipe with earthed objects can give rise to a spark
sufficient to ignite spilled fuei. It can also cause secondary accidents, if such a
discharge invoives personnel in precarious positions. It is assumed that
construction precautions in this environment have not been calied for in this
study. -
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Appendix 1

Written References pertinent to Induction Studies and Earth Potential Rise Calculations;
also relevant formulae and their derivation.

1. Sunde, E.D. "Earth Conduction Effects in Transmission Systems". Van Nostrand.
New York, 1949, :

2. Westinghouse Electric Corporation, U. S A. "Electrical Transmission and Distribution
Handbook" 1950.

3. "Application Guide for the Low Frequency Induction Code" by the Central Joint
Committee for the Co-ordination of Power and Telecommunications Systems. 1981.

4. Code of Practice for the Protection of Personnel and Equipment against Earth
Potential Rise caused by High Voltage Power System Fauits - same origin as (1) above.

. 1984.

5. Australian Standard AS2832.1 - Guide to the Protection of Metals, Pipes, Cables
and Ducts.

6. Australian Standard AS38589 - Effect of Electric Current Through the Human Body.

7. E = CILK. T_his is the traditional induction earth fault current formula, from
Reference 3 page 8. It will be found in other texts, e.g. Ref. 2, page 41.

E = The induced longitudinal voltage between the ends of the exposure (volts)
C = The mutual impedance per length of exposure, without shleldlng, at 50Hz
- see below.

! = The inducing (zero sequence in this case) current, in amps

L = Length of exposure (possibly Cosine 8 if the paths are not parallel) in
‘ | kilometres
K = The shielding factor (0 < K < 1) due to the presence of modifying
conduction.

C is a complex quantity and is expanded to:

C = 2nmf[log, (1 + 6 x 10° p) x 10 henries/km

d? f
f is frequency (50Hz)
p is soil resistivity in ohm. metres
d is spacing in metres between earth return circuits.

There are other derivations possible. However it is customary to utilise a
nomogram (e.g. Reference 3, Page 19) to derive C.
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8. Resistivity of copper at 20°C is 1.72 x 10® ohm/metre (from A.E. Knowlton,
Electrical Engineers Handbook Section 4).

9. . d = b or V = lo
2V 2md

This is the traditional formula to indicate the relationship between resistivity (p) Current
(1), Voltage (V) at distance (d) from a current injection point into uniform soil. It will be
found in AS2832.1, Reference 6, and other Standards.

10. The resistivity for mild steel is 14 x 10® ohm/metre (from A.E. Knowlton, Electrical
Engineers Handbook Section 4).

11. Adaption from Faraday's Law for CMF induced in a conductor in an alternating
magnetic field (A.E. Knowlton, Electrical Engineers Handbook, Section 2)

e = BV 10 Volts (CGS units)

. B = flux level in gauss
I = length in cm
\Y% = flux cutting rafe
= w

= 2 nf (frequency)
= 314.

12. Australian Standard AS3859 - The Effect of Electric Current in the Human Body.
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1. Resistivity of earth at various depths and locations, in ohm metres.
Pin Spacing Location 1 Location 2 Location 3 Location 4
Metres liaweena St end lllaweena St QEC Easement at At Wembiey St
of section {Drg near C.P. Rectifier | foot of Reservoir Reservoir
486/4/6- Hill
Ww10041P
4m 9.5 170 75 3200
* * * *
10m 18 36 114 3397
20m 27 68 353 643

Q-Pulse |d TMS1264

*

weighted average of two readings at right angles. Weighting approx. x 2 for
pipeline direction. .

Resistivity figures from Mr. J. Say, B.C.C. Dept. of W.S. & S.

Effect of Power Line Load Current - both feeders operating at rated level:
Electromagnetic field at ground level, under Phase wires: 10 milligauss (Line is
Duai 275 kV 3 phase part of QEC, S.E.Qld. Mesh)

Data from Mr. T. Tuting, QEC

Power Line Zero Sequence (phase to earth) Fault Current at Illaweena Street (No
appreciable difference along exposure)

O.H.E.W. shielding factor 0.9

Feeder 802 - 5.69 kA (3.3kA from Belmont, 2.3kA from Mt. Engiand)

Feeder 804 - 6.86 kA (3.9kA from Swanbank, 2.97kA from Belmont)

i.e. 3.9kA is the worst case, with the fault beyond the exposure.

From Mr. F. Tuting, QEC
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