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1 INTRODUCTION

The purpose of this document is to provide information on the Electrical Design for the
KARALEE “A" SEWAGE PUMP STATION Switchboard replacement.

The design was undertaken under the direct supervision of an RPEQ registered electrical
engineer in accordance with the requirements for the provisicn of professional engineering

services as detailed in the Professional Engineers Act 2002.

Revision 0 Page 2 of 5
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2 RESULTS SUMMARY

The pump station operating under Energex Mains supply has a prospective Earth Fauli Current of
923A with the switchboard having an acceptable Fauit Rating of 20,000A for 0.2 seconds.

A prospective Touch Voltage of B8BVAC is calculated, and as this value is more than the required
50VAC Touch Voltage, the clearance of this faull must occur within 0.4 seconds as per
AS/NZS3000-2007 Figure B4 Maximum Duration of Prospective 50 Hz Touch Voltage. Inspection
of the Time Current Curve for the 250A Mains Circuit Breaker shows this not to be the case.

The 250m fong consumer's mains (1x95mm?’, 4C+E PVC/PVC) has a calculated voltage drop of
8.96V that is below the required 5% permitted between the Point of Supply and the switchboard
installation. The calculated current carrying capacity of the above mentioned cabling is 208A.
Short Circuit Temperature Rise calculations show that the Minimum Cable Size required is
2.63mm’,

The maximum demand of the pump station is calculated at 80A with the switchboard main switch
setting being 100A.

The pump station operating under the Generator Supply with a minimum prospective Sustained
Short Circuit Fault Current of 816A has a prospective Touch Voltage of 2.64VAC. This value does
not exceed 50VAC. The clearance of this fault must occur within 5 seconds. inspection of the

Time Current Curve for the 250A Generator Circuit Breaker shows this not to be the case.

Revision 0 Page 3 of 5
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3 CONCLUSION / RECOMMENDATIONS

The design complies with the requirements of the applicable Australian Standards with respect to
Voltage Drop, Fault Level, Current Carrying Capacity and Short Circuit Temperature Rise when
operating under the current Energex Mains Supply parameters or Standby Generator Supply

{utilising a generator with a minimum sustained short circuit current rating of 6304).

The design does not comply with the requirements of the applicable Australian Standards with
respect to Fault Loop tmpedance when operating under current Energex Supply parameters or

Standby Generator.

A generator wilt typically not support a short circuit fault on the output. In the event of such a fault,
depending on the type of controller instalied, the fault current will decrease rapidly and the

Generator will be shut down within 10 seconds.
Due to the low touch potential involved this poses no risk.

With the current settings employed on the Main Circuit Breaker, Ir=0.4, Characteristic Curve 5,
coordination is maintained between the Pump Circuit Breakers and the Main Circuit Breaker, as
can be seen in the attached Time Current Curve. However Fault Loop Impedance requirements
are not met when operating under current Energex Supply parameters. if the Main Circuit Breaker
was set to Ir=0.4, Characteristic Curve 3 and the Pump Circuit Breakers were set to ir=0.65,
Im=6, the Main Circuit Breaker / Cable combination would comply with Fault Loop Impedance
requirements but coordination between the Main Circuit Breaker and Pump Circuit Breakers could

not be guaranteed between 160A and 380A. {see attached Time Current Curve).

QUU may prefer this option to ensure compliance with Fault Loop Impedance requirements.

Revision 0 Page 4 of 5

Q-Pulse ITIMIRBAd: TMS272 Actigg@94/2013 sp3PEA¢ O 4!



Sewage IR REKAIGES P Juialinn Y HAriPSvEREEERIINCRRIAHPM Manual

4 SUPPORTING DESIGN DATA

Touch Potential / Fault Current Calculations Sheets

¢ Industrial Maximum Demand Three Phase Calculation Sheet

o Consumers Mains Current Carrying Capacity Sheet

¢ Consumers Mains Short Circuit Temperature Rise Calculation Sheet
e Cable Schedule

o Circuit Breaker Time / Current Characteristic and Protection
Discrimination Curves

Revision 0 Page S5 of 5
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J & P Richardsen Industrios Ply Ltd,
“emplate Revision 5: § Novernter, 2003

\3‘%

Site/installation Description:

Equivatent Source

J. & P. RICHARDSON INDUSTRIES PTY LTD
TOUCH POTENTIAL/FAULT CURRENT CALCULATIONS

Main Switchboard

Equivalent Circuit

Consumer Maihs phase

Sub-Maing phase

Sub-Circuit phase

Main Switchbuard

Impedance CB-MaihSw CB-SubCel
I oO—{ 1 O o~ T
Zs Zem Zphase-s Zphase-sc
Transformer Consumer Mzains Sub-Mains Sub-Circuit Fault To
Vs ~ Earth
Supply Vottage )
GConsumer Maing nedtral Sub-Mains eatth Sub-Circuit earth
Prospectve
Zth Zeatth-sm Zeanh-se Fault LDUP
f : L3 Current
MEN Hink
Enter data inlc grey areas

Transformer ! Consumer Mains {Measured impedance Value Used)
Capacity KA Length of Energex Mains cable m
Impedance % Size of active conductor mm?
Prospeciive Fault Leve! of Transformer MVA Number of paraliel aclive conductors
Prospective Fault Current of Transformer kA Size of associated earth-return conductor ! mm?
Advised or Alternative Faull Current of Transformer * KA Number of parallel earth-return conductors
Source impedance Z, at 230Yac ] 0164502452 Impedance of single-core of aclive cable @ 75°C * Q/km 25,8007

Impedance of single-core of earth cable @ 75°C * Qkm 25.8007
? The fransformer calcs neglect any impedance upstream of the transformer Impedance of active contuctars Zoy 0 9.0600
*if loft blank a transformer impedance of 5% will be assumed impedance of earth {neutral) conductors Zey 0 0.0855

* Leave blank to calculate Z ; based on Transformer Capacity & Impedance

' if the MEN is at the switchboard, this is the neutral conductor, if the MEN Is at the

transformer, this is the earth conductor.

2 From Table A4 of HE 301 - 2001

Suk Mains Sub-Circuit
Length of Consumer Mains cable m Length of Sub-circuit {motor) cable m
Size of active conducior mm* Size of active conductor mm?
Number of parallel active conductors Numbher of parailel active conductors
Size of associaled earth conductor mm?* Size of associated earth conduclor mm?
Number of parallel earth conductors ; Number of paraliel earth conductors
Impedance of singfe-core of active cable @ 75°C ! Q/km 25.6007 Impedance of single-core of active cable @ 75°C ! Qukm 25.8007
Impedance of singie-core of earth cable @ 75C ' Q/km 25.8007 Impedance of single-core of earth cable @ 75°C ' Q/km 25,8007
Impedance of active conductors Zpynse.sn 0 £.000¢ lmpedance of active conductors Zpynsesc Q G¢.0000
Impedance of earth {neutral) conductors Zegar.en £ 9.0G06 tmpedance of earth conductors Zean.se ¥ 6.0000
! From Table A4 of HB 301 - 2001 : ' From Table A4 of HB 301 - 2001 |
Fault Current & Tough Pptential Note: Fault Loop impedance vaive measured at Main Switch. Assumed 200kVA
Impedance of active cirouit Z, Q 0.1645 transformer upstream and full size neutrat in Mains Cabie. The circuit breaker protecting
Impedance of earthineutral Circuil Zc Q 0.0955 the Mains Cabies is a Teraskaki S2SOPE3250 set to Ir=0.4, Characteristic Curve 5. A faut
Fault Current Ig (at 240Vac) A 923006 current of 8234 is insufficient 1o cause the circuit breaker to open in the appropriate time
Touch Potential Vy at point of fault Vac 83,15 as per AS/NZ53000-2007 Figure B4 Maximum Duration of Prospective 50 Hz Touch

Voltage. Therefore operating under current Energex Supply parameters this installation
Total Upstream Impedance Q 0.2600 DOE$ NOT compiy with fauit loop impedance requirements.

Examine the time-curront curve for the circuit-breaker/fuse which is providing the overcurrent protection to ensure that s is high enough to
guarantee operation of the protective device within the specified time.

Use the table “Additional Earlh” within this workhook to examine the effect on ige and Vy of adding additional earth conductors.

WSVR-ENGO1\UserData\EngineersUserData\eng_commoniFauit Loop Impedance Template\S8P374 Junction Road 25F374 Junction Road. SPS Rev B.xls
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il R 5 o, 207 J. & P. RICHARDSON INDUSTRIES PTY LTD Senontor Sui
IR TOUCH POTENTIAL/FAULT CURRENT CALCULATIONS
& Main Switchboard

Site/lnstaflation Description

Equivalent Circuit

Consumer Mains phasa Sub-Haing phase Sub-Circult phase
Equivalert Source
Inadance CB-Main Sue CB-SubCct
1 O 7777 O o e T O—0 % I
zs Zeti Zphase-stn Zphase-st
v C) Transformer Consumer Mains Sub-Mains Sub -Circuit i Faull To
s ~— Earth
Supply Voltage
PP Consumer Mains neutral Suh-Mains earth Sub-Circutt earth
Progpective
Zen Zearth-sm Zearh-sc Faultan op
O— 7} }
O] TR — Current
MEN Link

Enter data info grey areas

Generator '

Capacily kKVA Length of Consumer Mains cable m
Impedance 2 % Size of active conductor mm?
Prospective Fault Level of Transformer MVA 29 Number of parallej active conduclors
Prospective Fault Current of Transformer kA 4.034495857 Size of associated earth-return conductor ' mm?
Advised or Alternative Fault Gurrent of Generator kA H63] Number of parallel earth-return conductors
Saeurce impedance Z; at 230Vac [$] 0.350652381 lmpedance of singie-core of aclive cable @ 75°C * Q/km

Impedance of single-core of earth cable @ 75°C 2 C/km 0.2130
! The transformer calcs neglect any impedance upstream of the transformer Impedance of active conductors Zoy 24 0,0043
ZJf Ieft biank a transformer impedance of 5% will be asstimed Impedance of earth fneutral) conductors Zey o] 0.0043
% Leave blank io calculate Z ; based on Transformer Capacity & Impedance

! If the MEN Is at the switchboard, this is the neutral conductor; if the MEN Js at the

fransformer, this is the earth conductor,

¥ From Tabie A4 of HB 301 - 2001 | |
Sub Mains Suh-Circuit
Length of Sub-mains cable m ) Length of Sub-circuit {(moetor) cable m
Size of active conduglor mm? Size of aclive conductor mm?
Number of paraliel active conductors Number of paralle! active cenductors
Size of associated ¢arth conductor mm’ Size of associated earth conductor mm’
Number of paraliel earth conductors Number of parallel earth conductors
Impedance of single-core of active cable @ 75°C ! Q/km 25,8007 Impedance of single-cere of active cable @ 75°C ! Q/km 25.8007
Impedance of single-core of earth cable & 75°C ' Q/km 25.8007 Impedance of single-core of earlh cable @ 75°C i C/km 25,8007
Impedance of active conductors Zeyage.sn ¢ 0.0600 Inypedance of active conductors Zpyaspse [#3 0.0000
Impedance of earth {neutral) conductors Zpavnan Q 0.0000 Impedance of carth conductors Lownse [#] 0.0000
' From Table A4 of HB 301 - 2001 % ! From Table A4 of HE 301 - 2001 I |
Fault Current & Touth P.otentiai The circuit breaker protecting the Generator Cables is a Yeraskaki S250PE3250 set to
Impedance of active circuil Z, Q 0.3852 tr=0.4, Characteristic Curve 5A fault current of 616A is insufficient to cause the circuit
Impedance of earth/neutral circuit Zg Q 0.0043 breaker to open in the appropriate time as per AS/NZ$3000-2007 Figure B4 Maximum
FFault Current Ty {at 240Vac) A 51616 Duration of Prospective 50 Hz Touch Voltage. A generator wiil typically not support a short
Touch Potential Vy at point of Taul Vac 764 circuit fault on the output. fn the event of such a fault, depending on the type of controiler

instalied, the fault current will decrease rapidly and the Generator will be shut down
Total Upstrearn impedance Q 0.3895 within 10 seconds.
Due to the low touch potential invoived this poses no risk.

Examine the time-current curve for the circuit-breakerifuse which is providing the gvercurrent protection to ensurse that kg, is high enough to
guarantee operation of the protective device within the specified time.

Use the table "Addilional Farlh™ within this workbook to examine the effect on Iy, and Vy of adding additional earlh conductors.

WSVR-ENGO1\UserData\Engineersi)serfataleng_commontFault Loop Impedance Template\SP374 Junction Road 218P374 Junction Road. SPS Rev B.xls
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Voltage Drop Calculation

Cable Size mm |2

Volts]: 1415

Length m] - 250; "

Voitage Drop

Voltage Drop 10/01/2013
Q-Pulse IJM§&EAd: TMS272 Actiyg@/z013
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INDUSTRIAL MAXIMUM DEMAND THREE PHASE CALCULATION

Red Phase  White Phase Blue Phase

Lighting Full connecled load
Quantity Power  Voltage
: -2 72 240

2x36W Fluoros

1x50W 240
1x70W Securily Bulkheads 240
118V 240
2X36W Fluoros 240
Socket Qutlets not axceeding 10Amps 1000 Walts for first and 750 Walls for each additional outiet
Quantily Power  Voltage
PLC Programming BRI | 500 240
EXT Switchboard Cullet o 750 240
500 240
750 240
750 240
750 240
750 240
750 240
750 240
750 240
750 240
750 240
750 240
750 240
750 240
Socket Qutiets exceeding 10Amps Highest Raling for first and 75% of full current rating of remainder
Note: - If 3 phase then put calculation valve across all thrze phases
Quantity Amps Phases
1st Point single phase or RIS e i
st Point threa phase 1 3
: il
1
q
5
p
1
il
t
3
Alr Conditioning, Ranges and Cooking Appliances Highest Rating for first and 75% of full currert reting of remainder
General Load Note: - If 3 phase then put calculation valve ecross all three phases

Quantity Amps Phases
1st Device single phase or B

1st Cevice three phase 3
General Loeds Additional Devices 1
Storage Heater (HWS) Full load connected
Power  Voitage
Hot Water System D.0D D 240
Moaotors Highest Rating for first and 75% of full current rating of sacond and 50% of full load of remainder
Current  Power  Voitage PF Ef.

Pump 1 22000 415 08 0.85

Pump 2 22000 415 aB 0.85

Pump 3 415 o8 0.85

Note: Pumps configured CUTY/STANDBY/BACKUP 415 o8 0.85
415 08 0.85
415 o8 0.85
415 Q.8 0.85
415 Q.8 0.85
415 Q.8 0.85
415 Q.8 0.85
415 0.8 0.85

50.5 kW's
Note:- Qutlets derated to 50% due to infrequency of use,
industrial Maximum Cemand 10/01/2013 Sof8

Q-Pulse ITISRE d: TMS272 ACtiys@8HR3013 s53pg2 0f 41
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Current Carrying Capacity Calculation

Cable Type
Number of Cores
Cable Size
Maximum Demand
Current Carrying Capacity |

Notes on Calculation:-

:- Enter Mains cabte data from Cable Schedule,

:- Determine maximum demand from 'Industrial Maximum Demand'

sheet.

:- Determine Current Carrying Capacity from appropriate tables in AS/NZ

3008.1.1:2009, depending on cahle size, type and installation method.
ie. Table 7, 8,13 or 14

:- IF Current Carrying Capacity exceeds maximum demand then the

installation complies.

Current Carrying Capacity 10/01/2013
Q-Pulse IJM§&EAd: TMS272 Actiyg@/z013
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Short Circuit Temperature Rise Calculation

Cabie Type

Cable Size

Assume Initial Temp of Cable
Value of Short CCT. Current
Trip Time of Protective Device
Value of K {temp. constant)
Minimum Size Cable Required

Notes on calculation.

:- Enter Mains cable data from Cable Schedule.

- Assume maximum initial temperature of cable type.
ie. XLPE/PVYC 90 deg, PVC/PVC 75 deg

:- Value of Short CCT Current can be found on Main

Switchboard Sheet.

:- Determine Trip Time of Protective Device from Circuit

Breaker Trip Curve and Settings.

:- Determine Value of K {constant) from AS/NZ

3008.1.1:2009 Tahles 52 and 53.

- If value of 'Minimum Size Of Cable Required' is smalier or

equal to the size of cable installed, then the installation

complies.

Short CCT. Temp. Rise 10/01/2013
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Cable List

)

[+

AL

Energex Supply

Man Switchboard

Pump No.1 Decontactor

VSD

Break'. E¢onomy ﬁangé%’ ermal Magnetic

8C

0|Set i=1, Im=6

TemBreak 2 Economy Rang hanhm A

0|seti=1, Im=6

TemBreak 2: Econom:,: Ranga Thermal Magn efic

.0|Set ir=1, Im=6

Setie=1, Im=6

0|Set I=1, Im=6

[Set ir=1, Im=6

1
2
3 |Energex Supply Pump Ne.1 Decontaclor Pump No.1 VSD
4 _|Energex Supply Man Swilchboard Pump No.2 Becantactor vsD
5 {Energex Supply Pump No.2 Decontactor Pump No.2 VSD
| & |Energex Supply Man Switchboard Pump No.3 Decontactor vaD
7_{Energex Supply Pump No.3 Decontacter Pump No.3 VED
& |Energex Supply Man Switchboard Dry Well Vent Fan Supply
t 9 |Energex Supply Man Switchboard Three Phase Cutiet Supply
10 { Energex Supply Man Switchboard Single Phase Quilet Supply
11 |{Energex Supply Man Swilchboard Generator Anciliiary Supply | Supply
12 {Energex Supply Man Switchboard Area Lights Supply
i 13 [Energex Supply Man Switchboard Dry Weli Lights. Supply

Man Switchboard

Pump No, 1 Decontactor

V80

| 15 IGenerator Supply

18 [Generator Supply

Pump Ne. 1 Decontacler

Pump No.1

VED

|set =1, Im=8

0|Set Ir=1, Im=6

17 |Generator Supply

Man Switchboard

Purmp No.2 Decontactor

V8D

0[St 21, Im=5

|_18 JGenerator Supply

Pump Ne.2 Dacontactor

Pump No.2

VvsD

19 |Generator Supply

Man Switchboard

Pump No.3 Decontactor

V3D

0]set =1, tm=s

Setr=1, lm=8

20 | Ganerator Supply

Pump No.3 Dacontactor

Pump Ne.3

V&0

TemB ak 2 Economy Ranga Thermal M gnauc

25.0Set Ir=1, tm=8

| 21 |Generator Supply Man Switchboard Ory Weli Vent Fan Supply

22 |Generator Supply Man Swilchbeard Three Phase QOullet Supply . Din T 10 D|n Sare-M

23 |Generator Supply Man Switchboard Singte Phase Outlet Supply Mlm CB Dm~Safe MCBs RCBO 3cmA
24 |Generator Supply Man Switchboard Generator Ancilliary Supply | Supply Mml CE Dsn Safe MCBs RCBO SGmA
25 |Generator Supply Man Switchbeard Area Lights Supply M CB Dm.Safa MCBs RCBO SGmA
| 26 Generator Supply Man Switchheard Dry Well Lights Supply [«) DIn-Safe MCBs RCBO Sem}\

WSVR-ENGO1WserDala\EngincersUserDataVleng_common\Faull Loep Impedance Template\SP374 Junction Road 21SP374 Junclion Road. SPS Rev B.xis
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JPR
JPR

Selectivity Analysis Program
Phi Na. : Mobile No. : Fax Ne. : Emait :
””Project: e e e
Printed: 10 Jan 2013
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SUPPLY Circuit DB-01(32C
TIME/CURRENT CURVE

4h

2h

ih
30m
20m . i
10m1 : sy
m \\
n . R A \
am : : AN

2m : \

50s ' H \

30s : ) \

205

™~ {1 S260PE, 250, 100A
5 L : i LN

5 . : : o

3s
25

Tripping Time

0.800s
0.500s

0.300s
0.200s o

0.080s
0.050s

0.030s
0.020s

00105

0.0050s
=)

=

100
1.008
10,000
100,000

Current (A)

~ N Up Stream - DB-01 {3@) :

Circuit L.D. : C2 (38)
Circuit Breaker {MCCB} Model : S250PE MSB (32}
OCR : 250
‘ 30 kA
Trip Setting : 100 A .
Breaking Capacity : 70 kA

100-250A

Set 100A L™
18kA
DB-01 (32)

Catalogue # : S250PF 3 250

Adjustable Settings:
iR Characteristics

0.4 5
100 A

PowerCad Scftware Ply. Ltd. Australia, Copyright {C) 2008 Page 1 TemCurve 6.0.2.2
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SUPPLY Circui: DB-01 (32C*
TIME/CURRENT CURVE
\2)////1 Down Stream - DB-01 (3a) :
Circuit 1.D. : C2 {31)
Circult Breaker {(MCCE) Model : E125NJ DB-01 (3w}
Trip Unit: 63 18 kAV i
Trip Setting : 63 A . 40-63A
Breaking Capacity : 25 kA N
e 1
Catalogue # : E$25NJ 3 63 Set 63A .7
Adiustable Settings:
ir Im
1 6
G63A 378A
PowerCad Software Pty. Lid. Australia, Copyright (C) 2008 Page 2 TemCurve 6.0.2.2
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SUPPLY CircuDB.01(32C

SELECTIVITY/CASCADE SETTINGS

LTI 'T Y — 1 7Y 7

5 100-250A
= oo 5250PE, 70 kA IR Characteristics
6 'D Lo Ay 04 5
N Tt : wf 100 A
Set 1004 [ t
18KA v [B-01 {32}
1 40-63A
N E125NJ, 25 kA Ir Im
*/-"23 R T 16
N e 25/ 50 G1A ATBA
Set 634 ‘[ ”
|
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SUPPLY Circuit DB-01(32C;
TIME/CURRENT CURVE

Project:

4h

2h

sh

3om
20m

w0om
7m
Sm

am
2m

505

30s
205

85 . . H
S5 ) ) : : .
3 \

2.

Tripping Time

0.800s
0.500s

0.300s
0.200s

0.080s
0.080s -

0.0305
0.0205

0.040s -

0.0050s
[=]

100
1,000
10.000
100,000

Current {(A)

N Up Stream - DB-01 (30} :

Circuit LD, : C2 (3}
Circuit Breaker (MCCH) Model : S250PE MSB (3o)

OCR : 250 S
Trip Setting : 100 A 30 kA | X 100-250A

Breaking Capacity : 70 kA !

Set 100A ™
DB-01 (30)

Catalogue # : S250PE 3 250

Adjustable Settings:
iR Characteristics

0.4 3
100 A

PowerCad Software Ply. Ltd. Australia, Copyright (C) 2008 Page 1 TemCurve 6.0.2.2
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SUPPLY Circuit: DB-01 (320
TIME/CURRENT CURVE
(£)7///, Down Stream - DB-01 (30) :
Circuit L.D. : C2 (3)
Circuit Breaker {MCCB) Model : E125NJ DB-01 (3e)
Trip Unit : 63 18 KA
Trip Setting : 41 A . 40-63A
Breaking Capacity : 25 kA A
s -
Catalogue # : E125NJ 3 63 Set 41A o
Adjustable Settings:
Ir Im
0.65 6
41A 378A
PowerCad Software Ply, |18, Austratia, Copyright (C) 2008 Page 2 TemCurve 6.0.2.2
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SUPPLY CirculB-01 (32
SELECTIVITY/CASCADE SETTINGS
30KA u MSB (3o}
5 100-250A
R S250PE, TO kA IR Characteristics
(1) y - 0.4 3
Sot100A | 100A
1BKA  swawwowewns DB-01 {30)
£40-6
i NS E126NJ, 26 kA r o im
il 2 Yo 2 065 6
Nt A 25/50
setain T A A 37BA
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