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1 SUMMARY OF FINDINGS ON THE EXISITNG LUGGAGE POINT STP – ELECTRICAL 

SYSTEMS 

This section of the report is a snap shot of some major issues that were identified during the course of this 

study with regard to the Luggage Point STP Power Distribution System and the recommended solutions have 

been provided for each of the issues in the body of the report.  

It is important to note that the following list of issues are not exhaustive and the entire report should be 

referred for a full list of issues identified.  

1.1 The HV system was analysed in Section 6 of this report with the following issues 

identified:  

• The existing settings on Feeder 14 set at 0.9XCT (360A), Moderate Inverse 1.1 Curve does not 

provide overload protection for the 95mm² cable with a maximum current carrying capacity of 245A 

and it does not meet the requirement of Clause 2.5.3 of AS3000 for overload protection of the cable 

(i.e. Ib=119A≤In=360A≤Iz=245). A new setting is required for this relay to comply with this Clause. 

• The existing settings on Feeder 43 VIP Protection Relay does not provide discrimination with the 

upstream Feeder 14 protection relay and also does not provide overload protection for its 11kV 

Feeder 43 and new settings are recommended.  

• The existing settings on Feeder 14 - SR735 Earth Fault Protection Relay does not discriminate with 

the Main 11kV Energex Incomers protection relay settings. For any earth fault on the 11kV Ring, the 

Main Incomer will trip before the Feeder 14 - SR735 Relay trips. This does not meet the reliability 

requirements of AS3000 Clause 2.5.7. The short time and long time pick up setting of this relay must 

be less than the Incomers SR750 settings in order to discriminate. Therefore, new settings are 

recommended. 

• The existing settings on 11kV Feeders 11 & 13 to Main Transformers T1 and T2 do not provide 

overload protection for the transformer. Therefore, it is recommended to adapt the new settings for 

both T1 and T2 11kV Overcurrent Protection relay settings. 

1.2 The first LV Switchboard that was analysed in Section 7 of this report was the new 

"415V MAIN AUXILIARIES SWITCHBOARD" with the following issue identified:  

• All new settings have been provided for this new switchboard and issued to the Switchboard 

Manufacturer SJ Electrics.  

1.3 Second LV Switchboard that was analysed in Section 8 of this report was the 

"PRIMARY TREATMENT AREA 415V SWITCHBOARDS" with the following issues 

identified:  

• The Raw Sludge Pumps Switchboard 2 Feeder cable P05 (2x25mm², 4C+E PVC), with a current-

carrying capacity of 264A and maximum demand load of 68A, is protected by a 400A Incomer MCCB 

set at 400A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of 

the cable is as follows: Ib=68≤In=400≤Iz=264A. The selected cable of 2x25mmsq is undersized for 

the selected 400A MCCB. The size of this cable requires site verification.  

1.4 Third LV Switchboard that was analysed in Section 9 of this report was "415V RAS 

2 SWITCHBOARD" with the following issues identified:  

No issue was found on this MCC but new settings have been recommended to improve reliability and 

reduce touch voltages on the system. 
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1.5 Fourth LV Switchboard that was analysed in Section 10 of this report was "415V 

NITROGEN REMOVAL 5&6 SWITCHBOARD" with the following issues identified:  

• The Nitrogen Removal 5&6 Feeder cable CBL-0059 (185mm², 4C+E PVC), with a current-carrying 

capacity of 321A and maximum demand load of 299A, is protected by a 630A Incomer MCCB with 

existing long time pick up setting 0f 455A. Compliance with the requirements of Clause 2.5.3 of 

AS3000 for overload protection of the cable is as follows: Ib=299≤In=455≤Iz=321A. As shown on 

figure 118 TCC the selected Ir setting of the circuit breaker is larger than the maximum current 

carrying capacity of the cable, it is recommended to reduce the setting to Ir=400 to be closer to the 

cable maximum rating to provide a better overload protection. 

• As shown on Figure 120 TCC the selected Ir setting of the 15kW pump circuit breaker is 28A which is 

close to its full load current of 25A, it is recommended to increase the setting to Ir=32 to provide a 

reliable protection. 

1.6 Fifth LV Switchboard that was analysed in Section 11 of this report was "415V 

NITROGEN REMOVAL 3 & 4 SWITCHBOARD" with the following issues identified:  

• The Nitrogen Removal 3&4 Feeder cable CBL-0058 (185mm², 4C+E PVC), with a current-carrying 

capacity of 321A and maximum demand load of 300A, is protected by a 630A Incomer MCCB with 

existing long time pick up setting of 455A. Compliance with the requirements of Clause 2.5.3 of 

AS3000 for overload protection of the cable is as follows: Ib=300≤In=455≤Iz=321A. As shown on 

figure 128 TCC the selected Ir setting of the circuit breaker is larger than the maximum current 

carrying capacity of the cable, it is recommended to reduce the setting to Ir=400 to be closer to the 

cable maximum rating to provide a better overload protection.  

• As shown on Figure 130 TCC the existing Ir setting of the 15kW pump circuit breaker is 28A which is 

close to its full load current of 25A, it is recommended to increase the setting to Ir=32 to provide a 

reliable protection. 

1.7 Sixth LV Switchboard that was analysed in Section 12 of this report was "415V RO 

PLANT SWITCHBOARD" with the following issues identified:  

• The RO Plant SWBD Incomer is protected by a 2000A ACB. The existing short time pick up setting on 

this ACB would provide a Cat.3 switchboard which is not acceptable. New settings would provide 

Cat. 1 switchboard. 

• The 200kW RO Feed Pumps cables (150mm², 3C+E PVC), with a current-carrying capacity of 290A 

and pump full load current of 325A, is protected by a 400A MCCB with its existing long time pick up 

setting of 0.8xIn=320A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload 

protection of the cable is as follows: Ib=325≤In=320≤Iz=290A. As shown on Figure 138 TCC the 

existing selected Ir setting of 320A is lower than the pump full load current and new Ir setting of 

400A is recommended. The existing cable size on-site needs to be checked and verified for 

suitability. The existing short time pick up setting of pump's MCCB is set at 11xIn=4400 that does not 

discriminate with the Incomer ACB setting of 3000A, new settings as shown on the above TCC are 

recommended. 

1.8 Seventh LV Switchboard that was analysed in Section 13 of this report was "415V 

SLUDGE DEWATERING SWITCHBOARD" with the following issues identified:  

• The existing setting on the incomer does not discriminate even with the minimum setting of the 

large drive and would pick up the faults before the Centrifuge Main Drive trips. Therefore, existing 

settings on the Main Incomer Q07 MCCB needs to be changed.   
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1.9 Eighth LV Switchboard that was analysed in Section 14 of this report was "415V 

NITROGEN REMOVAL 1&2 SWITCHBOARD"  with the following issues identified:  

• The Nitrogen Removal 1&2 Feeder cable CBL-0056 (185mm², 4C+E PVC), with a current-carrying 

capacity of 321A and maximum demand load of 297A, is protected by a 630A Incomer MCCB with 

existing long time pick up setting of 455A. Compliance with the requirements of Clause 2.5.3 of 

AS3000 for overload protection of the cable is as follows: Ib=297≤In=455≤Iz=321A. As shown on 

figure 157 TCC the selected Ir setting of the circuit breaker is larger than the maximum current 

carrying capacity of the cable, it is recommended to reduce the setting to Ir=400 to be closer to the 

cable's maximum rating to provide a better overload protection. 

• As shown on Figure 159 TCC the selected Ir setting of the 15kW pump circuit breaker is 28A which is 

close to its full load current of 24A, it is recommended to increase the setting to Ir=32 to provide a 

reliable protection. 

1.10 Ninth LV Switchboard that was analysed in Section 15 of this report was "ADMIN 

BUILDING 415V SWITCHBOARD" with the following issues identified:  

As shown on Figure 167 TCC the existing settings on the 800A Main Incomer MCCB provides the following 

issues: 

• With the existing setting on Main Switch Q08, it does not discriminate with its upstream 50A HV 

fuses and the HV fuses will blow out before the downstream MCCB clears the fault; 

• The long time pick up setting of 800A does not provide overload protection for the main incomer 

cable with a maximum current carrying capacity of 580A; 

• Also with the existing settings, the Arc Flash Category of the switchboard is Cat.3. Therefore, new 

settings are recommended.  

As shown on Figure 169 TCC the existing 800A CFS Unit on the feeder to the Sludge Control Building DB 

provides the following issues as shown: 

• The 800A CFS does not discriminate with its upstream Main Switch Q08;  

• The 800A CFS does not provide overload protection to its feeder cable which is a 10mmsq cable 

with 100A current carrying capacity. Therefore a new 80A CFS unit is recommended on this 

Feeder; 

• In order to discriminate with the upstream new 80A CFS on the Sludge Control Building DB, the 

existing 160A fuses on the Feeder to DB 1&2 should be replaced with a new 60A fuses; 

• The selected Ir setting of 320A 0n the 400A MCCBs does not provide overload protection for 

10mmsq feeder cable with a maximum 100A current carrying capacity. It is recommended to 

reduce these to their lowest available settings as shown on Figure 170 TCC; 

• The magnetic pick up setting of the 400A MCCBs is set at 10xIn which does not discriminate with 

the Main Switch, lowest settings of 5xIn is recommended as shown on Figure 170 TCC; 

1.11 Tenth LV Switchboard that was analysed in Section 16 of this report was "DAF 

BUILDING 415V SWITCHBOARD" with the following issues identified:  

• Innovation Centre DB Feeder cable P01 (10mm², 4C+E PVC), with a current-carrying capacity of 100A 

and maximum demand load of 2A, is protected by a 250A MCCB with its lowest available Ir setting of 

157.5A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the 

cable is as follows: Ib=2≤In=157.5≤Iz=100A. As shown on Figure 179 TCC the selected MCCB is 

oversized for the demand load and selected cable, it is recommended to change the trip unit with a 

new 100A and set Ir=0.63xIn=63A. 



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 16 of 372 

• The Main Switch 3Q2 on DAF 3&4 SWBD is a 630A MCCB set at 630A. With the existing settings, it 

does not discriminate with its upstream 400A MCCB, therefore new settings as shown on the Figure 

181 TCC is recommended. 

Generally all circuit breakers on the DAF 3&4 SWBD are selected appropriately and no issue was found on 

their settings, except for circuit breakers on the following listed drives: 

• The 3kW Tank 3 &4 Scrapers CBs with full load current (FLC) of 6.5A are currently set at Ir=6A for 

long time pick up current which is lower than FLC, it is recommended to increase the Ir setting to 

10A as shown on TCCs. 

•  The 11kW Feed Pumps 1,2&3 CBs with full load current of 21A are currently set at Ir=24A for 

long time pick up current which is close to the FLC, it is recommended to increase the Ir setting to 

25A as shown on TCCs. 

• The 1.5kW Tank 3 &4 Skimmers CBs with full load current of 3.4A are currently set at Ir=3.8A for 

long time pick up current which is close to the FLC, it is recommended to increase the Ir setting to 

4A as shown on TCCs. 

• All other circuit breakers are right size and right selected Ir and Irm. 

• As shown on Figure 187 TCC, the largest 100A HRC Fuses on the supply to DB are NOT 

coordinated with the main incomer MCCBs and do not discriminate for any fault on the DB . It is 

recommended to replace these fuses with 60A HRC Fuses to provide proper discrimination. 

• The 0.75kW Methanol Unloading Pump CB with full load current of 1.8A is currently set at 

Ir=1.8A for long time pick up current which is FLC, it is recommended to increase the Ir setting to 

2.4A; 

• The 15kW RST Filtrate Return Pumps 1&2 CBs with full load current of 28A are currently set at 

Ir=26A for long time pick up current which is less than FLC, it is recommended to increase the Ir 

setting to 32A as shown on the Figure 187 TCC 

1.12 The eleventh Switchboard that was analysed in Section 17 of this report was "GAS 

COMPRESSOR 415V SWITCHBOARD" with the following issues identified:  

• The Gas Compressor L&P DB Feeder cable L&P DB-P01 (25mm², 4C+E PVC), with a current-carrying 

capacity of 132A and maximum demand load of 10A, is protected by 160A Incomer HRC Fuses. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is 

as follows: Ib=10≤In=160≤Iz=0.9x132=118.8A. As the formulae shows the existing HRC fuses are 

oversized for protection of the cable, it is recommended to replace these fuses with 100A to provide 

overload protection for the L&P DB Cable which meets the requirements: 

Ib=10≤In=100≤Iz=0.9x132=118.8A.
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2 SUMMARY OF LUGGAGE POINT  STP – MAJOR PROTECTION DEVICES SETTINGS 

This section of the report is an extract summary of major protection device settings obtained by Computer 

Aided Plotting for Time Overcurrent Reporting (CAPTOR) engineering software program used to carry out 

the Power System Analysis of Luggage Point STP as per details provided in Sections 3 and onward in this 

document.  

This summary section has been provided for easy reference for each device setting (rather than looking for it 

in the entire document). It provides details of each protection device, its existing settings and the new 

recommended settings. If the new settings are different to existing settings then they have been highlighted 

in RED for action by QUU: 
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LUGGAGE POINT STP - 11KV SWBD PROTECTION RELAYS SETTING PARAMETERS

CT Ratio

GE Multilin 750 

Revision 6.00 Relay 

Parameter

 Existing Setting 
Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting

Phase time                     

Over Current (OC) 1 

Function

Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip

Phase time  OC 1 

Relays(3-7)
Do Not Operate Do Not Operate Do Not Operate Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Phase time  OC 1  

Pickup
0.7xCT 1.2xCT 1XCT 0.3xCT 0.3xCT 0.84xCT 0.84XCT 0.42xCT 0.84XCT 0.84xCT 0.84XCT 1.2xCT 1XCT 0.3xCT 0.3xCT 0.7xCT

Phase time  OC 1    

Curve
ANSI Moderate  Normal IVS IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A ANSI Moderate  Normal IVS

Phase time  OC 1    

Multiplier
1.1 1.1 0.1 0.7 1 1 0.2 0.2 0.2 0.4 0.2 0.2 0.1 0.7 1 1 1.1 1.1

Phase time  OC 1    

Reset    
Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous

Phase time  OC 1    

Direction   
Forward Forward Forward Disable Forward Forward Disabled Forward Disabled Disable Disabled Forward Forward Disable Forward Forward Forward Forward

Phase time                     

Over Current (OC) 2 

Function

Trip Trip Disabled Trip Disabled Trip Trip Trip

Phase time  OC 2 

Relays(3-7)
Do Not Operate Do Not Operate Do Not Operate Do Not Operate

Do Not 

Operate
Do Not Operate

Phase time  OC 2  

Pickup
1.2xCT 1.1XCT 0.2XCT 0.2XCT 1.2xCT 1.1XCT

Phase time  OC 2    

Curve
IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A

Phase time  OC 2    

Multiplier
1 0.7 0.2 0.2 1 0.7

Phase time  OC 2    

Reset    
Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous

Phase time  OC 2    

Direction   
Disabled Disable Reverse Reverse Disabled Disable

Phase Inst                    

Over Current (OC) 1 

Function

Disabled Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Disabled Trip

Phase Inst  OC 1 

Relays(3-7)
Do Not Operate Do Not Operate Do Not Operate - -

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate - - Do Not Operate

Phase Inst  OC 1  Pickup 8xCT 12xCT 6xCT 8xCT 8xCT 6xCT 6xCT 6xCT 6xCT 12xCT 6xCT 8xCT 8xCT 8xCT

Phase Inst  OC 1    

Delay
0.0 S 0.0 S 0.01 - - 0.0 S 0.01 0.0 S 0.01 0.0 S 0.01 - - 0.0 S

Phase Inst  OC 1    

Direction
Forward Disabled Disable - - Disabled Forward Disabled Forward Disabled Disable - - Forward

Phase Inst                    

Over Current (OC) 2 

Function

Trip Trip Trip Trip Trip Trip Trip Trip

Phase Inst  OC 2 

Relays(3-7)
Do Not Operate Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Phase Inst  OC 2  Pickup 1.00xCT 7xCT 0.33xCT 0.33xCT 0.33xCT 0.33xCT 1.00xCT 7xCT

Phase Inst  OC 2    

Delay
8S 0.01 7S 7S 7S 7S 8S 0.01

Phase Inst  OC 2    

Direction
Reverse Disable Reverse Reverse Reverse Reverse Reverse Disable

Ground Time              

Over Current (OC)  

Function

Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip

GND Time OC Relays (3-

6)
Do Not Operate Do Not Operate Do Not Operate Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

GND Time OC Pickup - 0.15xCT 0.2xCT 0.2xCT 0.07xCT 0.07xCT 0.07xCT 0.07xCT 0.2xCT 0.2xCT - 0.15xCT

GND Time OC Curve ANSI Moderate  Normal IVS IEC Curve A IEC Curve C IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve C ANSI Moderate  Normal IVS

GND Time OC 

Multiplier
1 0.5 0.1 0.02 0.27 0.27 0.27 0.27 0.1 0.02 1 0.5

GND Time OC Reset Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous

GND Time OC Direction Forward Forward Forward Disabled Forward Disabled Forward Disabled Forward Disabled Forward Forward

Ground Inst             

Over Current (Inst 1) 

Function

Disabled Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Disabled Trip

GND Inst OC          

Relays (3-6)
Do Not Operate Do Not Operate Do Not Operate - -

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate - - Do Not Operate

GND Inst OC Pickup 0.4xCT 4xCT 0.8xCT - - 5xCT 0.3xCT 2.5xCT 2.5xCT 5xCT 0.3xCT 4xCT 0.8xCT - - 0.4xCT

GND Inst OC Delay 0.0 S 0.0 S 0.01 8 S 8 S 0.0 S 0.01 0.0 S 0.01 0.0 S 0.01 0.0 S 0.01 8 S 8 S 0.0 S

GND Inst OC Direction Forward Disabled Disabled Disabled Disabled Disabled Forward Disabled Disabled Disabled Forward Disabled Disabled Disabled Disabled Forward

Ground Inst             

Over Current (Inst 2) 

Function

Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip

GND Inst OC          

Relays (3-6)
Do Not Operate Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

GND Inst OC Pickup 4xCT 1xCT 5xCT 0.3xCT 2.5xCT 2.5xCT 5xCT 0.3xCT 4xCT 1xCT

GND Inst OC Delay 0.0 S 0.01 0.0 S 0.01 0.0 S 0.01 0.0 S 0.01 0.0 S 0.01

GND Inst OC Direction Disabled Disabled Disabled Reverse Disabled Disabled Disabled Reverse Disabled Disabled

Neutral time                     

Over Current (OC) 1 

Function

Trip Trip Trip Trip Trip Trip Trip Trip

Neutral time OC 1 

Relays(3-7)
Do Not Operate Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Neutral time OC 1  

Pickup
0.2xCT 0.2xCT 0.07xCT 0.07xCT 0.07xCT 0.07xCT 0.2xCT 0.2xCT

Neutral time OC 1    

Curve
IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A IEC Curve A

Neutral time OC 1    

Multiplier
0.1 0.1 0.27 0.27 0.27 0.27 0.1 0.1

400/5 200/1

SUB 4-SR735 T1-745 Bus Tie-750Incomer 12A-SR750 T2-745 SUB 1-SR735T2-SR750Incomer 12B-SR750T1-SR750

400/5200/1200/1 600/5 1200/5 600/5200/1
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Neutral time OC 1    

Reset    
Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous

Neutral time OC 1   

Direction   
Forward Forward Forward Forward Forward Forward Forward Forward

Neutral Inst                    

Over Current (OC) 1 

Function

Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip

Neutral Inst  OC 1 

Relays(3-7)
Do Not Operate Do Not Operate - -

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate - -

Neutral Inst  OC 1 

Pickup
4.00xCT 4.00xCT - - 5.00xCT 5.00xCT 2.5xCT 2.5xCT 5.00xCT 5.00xCT 4.00xCT 4.00xCT - -

Neutral Inst  OC 1    

Delay
0.0S 0.0S 8 S 8 S 0.0S 0.01 0.0S 0.01 0.0S 0.01 0.0S 0.0S 8 S 8 S

Neutral Inst  OC 1   

Direction
Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled

Neutral Inst                    

Over Current (OC) 2 

Function

Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip

Neutral Inst  OC 2 

Relays(3-7)
Do Not Operate Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Neutral Inst  OC 2  

Pickup
0.2xCT 0.2xCT 0.07xCT 5.00xCT 0.05xCT 0.07xCT 0.07xCT 5.00xCT 0.2xCT 0.2xCT

Neutral Inst  OC 2    

Delay
8S 8S 7S 0.01 7.5S 7.5S 7S 0.01 8S 8S

Neutral Inst  OC 2    

Direction
Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled

Sensitive Ground Inst 

Over Current Function
Trip Trip Disabled Trip Trip Trip Disabled Trip Trip

Sensitive Ground Inst  

OC Relays(3-7)
Do Not Operate Do Not Operate 3, 4, 5, 6 3, 4, 5, 6 3, 4, 5, 6

Do Not 

Operate
Do Not Operate

Sensitive Ground Inst  

OC Pickup
0.2xCT 0.2xCT 1xCT 1xCT 1.000xCT 0.2xCT 0.2xCT

Sensitive Ground Inst  

OC Delay
8S 8S 0.02S 0.02S 0.00S 8S 8S

Sensitive Ground Inst  

OC Direction
Disabled Disabled Disabled Disabled Disabled Disabled Disabled

Sensitive Ground time 

OC Function
Disabled Trip Trip Trip Disabled

Sensitive Ground time 

OC Relays(3-7)
3, 4, 5, 6 3, 4, 5, 6 3, 4, 5, 6

Sensitive Ground time 

OC Pickup
0.1xCT 0.1xCT 0.1xCT

Sensitive Ground time 

OC Curve
IEC Curve C IEC Curve C IEC Curve C

Sensitive Ground time  

OC Multiplier
0.1 0.1 0.1

Sensitive Ground time 

OC Reset    
Instantaneous Instantaneous Instantaneous

Sensitive Ground time 

OC Direction   
Disabled Disabled Disabled

Bus Undervoltage 1 

Function
Trip Disabled Trip Disabled

Bus Undervoltage 1 

Relays(3-7)

Do Not 

Operate
 

Do Not 

Operate
 

Bus Undervoltage 1 

Pickup
0.85xVT  0.85xVT  

Bus Undervoltage 1    

Curve
Define Time  Define Time  

Bus Undervoltage 1 

Delay
5.0 s  5.0 s  

Bus Undervoltage 1   

Min Operating Voltage
0.00xVT  0.00xVT  

Overvoltage 1 Function                  Trip Trip Trip Trip

Overvoltage 1 Relays(3-

7)

Do Not 

Operate
Do Not Operate

Do Not 

Operate
Do Not Operate

Overvoltage 1 Pickup 1.15xVT 1.15xVT 1.15xVT 1.15xVT

Overvoltage 1 Delay 5.0 s 5.0 s 5.0 s 5.0 s

Voltage Neutral 

Displacement Function                  
Trip Trip Trip Disabled Trip Disabled Trip Trip

Voltage Neutral 

Displacement   Relays(3-

7)

Do Not Operate Do Not Operate
Do Not 

Operate

Do Not 

Operate

Do Not 

Operate
Do Not Operate

Voltage Neutral 

Displacement     Pickup
0.2xVT 0.2xVT 0.2xVT 0.2xVT 0.2xVT 0.2xVT

Voltage Neutral 

Displacement     Curve
Definite Time Definite Time Definite Time Definite Time Definite Time Definite Time

Voltage Neutral 

Displacement     

Multiplier

8 8 7 7 8 8

Voltage Neutral 

Displacement      Reset    
Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous

Underfrequency 1 

Function                  
Trip Disabled Trip Disabled

Underfrequency 1 

Relays(3-7)

Do Not 

Operate

Do Not 

Operate

Underfrequency 1  

Pickup
48.00 Hz 48.00 Hz

Underfrequency 1    

Delay
1S 1S

Underfrequency 1 Min 

Operating Voltage   
0.70xVT 0.70xVT

Underfrequency 1 Min 

Operating Current  
0.00xCT 0.00xCT
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LUGGAGE POINT STP - 11 kV RING FUSES 

Substation 

Description 
Substation No. Circuit No. Circuit Description Fuse  Rating (A) 

Transfomer (11Kv/ 415V) Size 
Comments 

kVA FLC (A) 

Main Subsation 1 FDR-26   Boilers Auxiliary 100 750 28 

  

Main Subsation 1 FDR-27   Engines Auxiliary 100 750 28 

  

Main Subsation 1 FDR-28   Digesters Switchboard 100 750 28 

  

Admin Building 2 FDR-17   

Admin Building R.A.S.1 

Screw Pump & Final 

Settling Tanks 

50 500k 26 

  

Sludge Lifter 3 FDR-30   Belt Filter Press 25 300 16 

  

Sludge Lifter 3 SF04  Sludge Lifter Switchboard 16 200 16 

  

Gas Compressors 4 FDR-44  Gas Compressors 50 500 26 

  

Primary 

Treatment 
5 FDR-24  

Primary Tanks Stage 2 Drit 

Dredgers Stage 1&2 Inlet 

Screens 

50 500 26 

  

Primary 

Treatment 
5 FDR-22  

Effluent Pumps Primary 

Tanks Stage 1 Aeration 

Control Vales 

50 500 26 

  

DAF Building 6 FDR-32  
Dissolved Air Flotation & 

Rotary Screen Thickener 
50 500 26 

  

R.A.S 2 Building 7 FDR-34 R.A.S 2 Switchboard 50 500 26 

  

NIT. Removal 8 FDR-39 
Nitrogen Removal Tanks 1 

&2  
40 300 16 

  

NIT. Removal 9 FDR-38 
Nitrogen Removal Tanks 3 

&4 
40 300 16 

  

NIT. Removal 10 FDR-36 
Nitrogen Removal Tanks 5 

&6 
40 300 16 

  

B. P. RO 

Treatment 
11 FDR-42 

R.O. Treatment 

Switchboard 

Relay : VIP 30, 

56A Fixed Trip 

Curve 

1500 79 

  

B. P. RO 

Treatment 
11 FDR-43 

R.O. Treatment 

Switchboard 

Relay : VIP 30, 

56A Fixed Trip 

Curve 

1500 79 
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LUGGAGE POINT STP - 3.3KV SWBD PROTECTION RELAYS SETTING PARAMETERS

CT Ratio

GE Multilin 750 

Revision 6.00 Relay 

Parameter

 Existing Setting 
Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting
 Existing Setting 

Recomended 

Setting

Phase time                     

Over Current (OC) 1 

Function

Trip Trip Trip Trip Trip Trip Trip Trip Trip Trip

Phase time  OC 1 

Relays(3-7)
3 3 7 7 5 5 7 7 3 3

Phase time  OC 1  

Pickup
1.5xCT 1.5xCT 1.1xCT 0.9xCT 0.46xCT 1xCT 1.1xCT 0.9xCT 1.5xCT 1.5xCT

Phase time  OC 1    

Curve
IEC Curve A IEC Curve A IEC Curve C IEC Curve A IEC Curve C IEC Curve A IEC Curve C IEC Curve A IEC Curve A IEC Curve A

Phase time  OC 1    

Multiplier
0.2 0.2 0.5 0.3 0.4 0.1 0.5 0.3 0.2 0.2

Phase time  OC 1    

Reset    
Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous

Phase time  OC 1    

Direction   
Disabled Disabled Forward Disabled Forward Forward Forward Disabled Disabled Disabled

Phase time                     

Over Current (OC) 2 

Function

Trip Trip Trip Trip Trip Trip

Phase time  OC 2 

Relays(3-7)
3, 7 3, 7 6 6 3, 7 3, 7

Phase time  OC 2  

Pickup
1.1xCT 1.1xCT 0.45xCT 1xCT 1.1xCT 1.1xCT

Phase time  OC 2    

Curve
IEC Curve C IEC Curve C IEC Curve C IEC Curve A IEC Curve C IEC Curve C

Phase time  OC 2    

Multiplier
0.5 0.5 0.4 0.1 0.5 0.5

Phase time  OC 2    

Reset    
Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous

Phase time  OC 2    

Direction   
Reverse Reverse Reverse Reverse Reverse Reverse

Phase Inst                    

Over Current (OC) 1 

Function

Trip Trip Trip Trip Trip Trip

Phase Inst  OC 1 

Relays(3-7)
7 7 5 5 7 7

Phase Inst  OC 1  Pickup 8xCT 5xCT 7.22xCT 4xCT 8xCT 5xCT

Phase Inst  OC 1    

Delay
0.4 0.01 0.1 S 0.1 0.4 0.01

Phase Inst  OC 1    

Direction
Forward Disabled Forward Forward Forward Disabled

Phase Inst                    

Over Current (OC) 2 

Function

Trip Trip Trip Trip Trip Trip

Phase Inst  OC 2 

Relays(3-7)
3, 7 3, 7 6 6 3, 7 3, 7

Phase Inst  OC 2  Pickup 8xCT 8xCT 7.22xCT 4xCT 8xCT 8xCT

Phase Inst  OC 2    

Delay
0.1 0.1 0.1 0.1 0.1S 0.1

Phase Inst  OC 2    

Direction
Reverse Reverse Reverse Reverse Reverse Reverse

Ground Time              

Over Current (OC)  

Function

Trip Trip Trip Trip Disabled Trip Trip Trip Trip Trip

GND Time OC Relays (3-

6)
4 4 7 7 6 7 7 4 4

GND Time OC Pickup 0.2xCT 0.1xCT 0.05xCT 0.05xCT 0.05xCT 0.05xCT 0.05xCT 0.2xCT 0.1xCT

GND Time OC Curve IEC Curve A IEC Curve C Definite Time IEC Curve C IEC Curve C Definite Time IEC Curve C IEC Curve A IEC Curve C

GND Time OC 

Multiplier
0.3 0.1 0.5 0.01 0.01 0.5 0.01 0.3 0.1

GND Time OC Reset Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous Instantaneous

GND Time OC Direction Disabled Disabled Forward Disabled Disabled Forward Disabled Disabled Disabled

Ground Inst             

Over Current Function
Disabled Trip Trip Trip Trip Trip Trip Trip Disabled Trip

GND Inst OC          

Relays (3-6)
Do Not Operate 3, 7 3,7 4 4 3, 7 3,7 Do Not Operate

GND Inst OC Pickup 0.4xCT 0.05xCT 0.1xCT 0.05xCT 0.1xCT 0.05xCT 0.1xCT 0.4xCT

GND Inst OC Delay 0.01 0.5 S 0.01 0.05 S 0.01 0.5 S 0.01 0.01

GND Inst OC Direction Disabled Reverse Disabled Disabled Disabled Reverse Disabled Disabled

Neutral time                     

Over Current (OC) 1 

Function

Neutral time OC 1 

Relays(3-7)

Neutral time OC 1  

Pickup

Neutral time OC 1    

Curve

Neutral time OC 1    

Multiplier

Neutral time OC 1    

Reset    

Neutral time OC 1   

Direction   

GEN 1-SR760 TR 1-SR750

1200/5 600/5 400/5400/5 600/5

BUS TIE-750 TR 2-750 GEN 2-760
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Neutral Inst                    

Over Current (OC) 1 

Function

Neutral Inst  OC 1 

Relays(3-7)

Neutral Inst  OC 1 

Pickup

Neutral Inst  OC 1    

Delay

Neutral Inst  OC 1   

Direction

Neutral Inst                    

Over Current (OC) 2 

Function

Neutral Inst  OC 2 

Relays(3-7)

Neutral Inst  OC 2  

Pickup

Neutral Inst  OC 2    

Delay

Neutral Inst  OC 2    

Direction

Sensitive Ground Inst 

Over Current Function
Trip Trip

Sensitive Ground Inst  

OC Relays(3-7)
3 3

Sensitive Ground Inst  

OC Pickup
0.05xCT 0.05xCT

Sensitive Ground Inst  

OC Delay
0.05S 0.05S

Sensitive Ground Inst  

OC Direction
Disabled Disabled

Sensitive Ground time 

OC Function

Sensitive Ground time 

OC Relays(3-7)

Sensitive Ground time 

OC Pickup

Sensitive Ground time 

OC Curve

Sensitive Ground time  

OC Multiplier

Sensitive Ground time 

OC Reset    

Sensitive Ground time 

OC Direction   

Bus Undervoltage 1 

Function

Bus Undervoltage 1 

Relays(3-7)

Bus Undervoltage 1 

Pickup

Bus Undervoltage 1    

Curve

Bus Undervoltage 1 

Delay

Bus Undervoltage 1   

Min Operating Voltage

Overvoltage 1 Function                  Trip Trip Trip Trip

Overvoltage 1 Relays(3-

7)
5 5 5 5

Overvoltage 1 Pickup 1.16xVT 1.16xVT 1.16xVT 1.16xVT

Overvoltage 1 Delay 2.0 s 2.0 s 2.0 s 2.0 s

Voltage Neutral 

Displacement Function                  

Voltage Neutral 

Displacement   Relays(3-

7)

Voltage Neutral 

Displacement     Pickup

Voltage Neutral 

Displacement     Curve

Voltage Neutral 

Displacement     

Multiplier

Voltage Neutral 

Displacement      Reset    

Underfrequency 1 

Function                  

Underfrequency 1 

Relays(3-7)

Underfrequency 1  

Pickup

Underfrequency 1    

Delay

Underfrequency 1 Min 

Operating Voltage   

Underfrequency 1 Min 

Operating Current  
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Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Admin Building Main Switch Terasaki XS800SE

I1=1

I2=10

T2=0.1

T1=20

I3=12

Short Time=ONx10Time

BASE CURxIn=1.0

I1=0.8 (640A)

I2=4(3200A)

T2=0.1

T1=10

I3=6(4800A)

Short Time=ONx4Time

BASE CURxIn=1.0

The existing I1 setting would not provide 

overload protection for the feeder cable.

The exisitng I2 setting provides Cat.3 for 

Arc Flash rating.

Admin Building Small Light & Power DB Terasaki XS125NJ
In=100

Ir=1 (0.63-1)

In=100

Ir=1 (0.63-1)

Irm=13 (1300)

Admin Building Admin DB Terasaki XS400CJ

In=400

Ir= 0.8x400=320

Irm=10 (5-10)

In=400

Ir= 0.63x400=252

Irm=5 (5-10)

The existing Ir setting would not provide 

overload protection for the feeder cable.

Admin Building RAS MCC No. 1 Terasaki XS400CJ

In=400

Ir= 0.8x400=320

Irm=10 (5-10)

In=400

Ir= 0.63x400=252

Irm=5 (5-10)

The existing Ir setting would not provide 

overload protection for the feeder cable.

ADMIN BUILDING SWITCHBOARD - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting   Recommended Setting remarks

Main Aux Swb  Q1 Main Switch Q1 Terasaki AR212S/1250

In=1250 A

Ir (LTPU)=0.8 (1000A)

t r (LTD) @ 6 x IR=10          

Isd (STPU)=6 (7500A)

tsd (STD)=0.05 I^2 t In

Ii (INST)=14.0 (17500A)

Under Construction supply from 750 kVA 

TX5

Main Aux Swb  Q3 Main Switch Q3 Terasaki AR212S/1250

In=1250 A

Ir (LTPU)=0.8 (1000A)

t r (LTD) @ 6 x IR=10          

Isd (STPU)=6 (7500A)

t sd (STD)=0.05 I^2 t In

Ii (INST)=14.0 (17500A)

Supply from 750 kVA TX4

Main Aux Swb  Q5 Main Switch Q5 Terasaki AR212S/1250

In=1250 A

Ir (LTPU)=0.8 (1000A)

t r (LTD) @ 6 x IR=10          

Isd (STPU)=6 (7500A)

t sd (STD)=0.05 I^2 t In

Ii (INST)=14.0 (17500A)

Supply from 750 kVA TX3

Main Aux Swb  Q10 Digester Area Feeder Terasaki S800RE/800

In=800 A

Ir=1.00 (800A)

tR =5.0         

Isd=5.0 (4000A)

Tsd=0.1         

INST =14.0 (11200A)

Main Aux Swb  Q11 Spare Terasaki S400GE/400 -

Main Aux Swb  Q12 Essential Services No. 1 Feeder Terasaki S400GE/400

In=400 A

Ir=1.00 (400A)

tR=5.0         

Isd=5.0 (2000A)

Tsd=0.1         

INST=14.0 (5600A)

Main Aux Swb  Q13 Spare Terasaki S250PE/250 -

Main Aux Swb  Q14 Site Main SW Feeder Terasaki S400GE/400

In=400 A

Ir=1.00 (400A)

tR=5.0         

Isd=5.0 (2000A)

Tsd=0.1         

INST=14.0 (5600A)

Main Aux Swb  Q15 BLW AUX Supplies SW Feeder Terasaki S250PE/250

In=250 A

Ir=1.00 (250A)

tR=5.0         

Isd=5.0 (1250A)

Tsd=0.1         

INST=14.0 (3500A)

Main Aux Swb  Q16 Essential Services No. 2 Feeder Terasaki S400GE/400

In=400 A

Ir=1.00 (400A)

tR=5.0         

Isd=5.0 (2000A)

Tsd=0.1         

INST=14.0 (5600A)

Main Aux Swb  Q17 Spare Terasaki S400GE/400 -

Main Aux Swb  Q18 Cogen MCC Feeder Terasaki S400GE/400

In=400 A

Ir=1.00 (400A)

tR=5.0         

Isd=5.0 (2000A)

Tsd=0.1         

INST=14.0 (5600A)

Main Aux Swb  Q19 MCP1 Feeder (Cogen 1 ESS) Terasaki S250PE/125

In=250 A

Ir=1.00 (250A)

tR=5.0         

Isd=5.0 (1250A)

Tsd=0.1         

INST=14.0 (3500A)

Main Aux Swb  Q20 Spare Terasaki S400GE/400 -

Main Aux Swb  Q21 MCP2 Feeder (Cogen 2 ESS) Terasaki S250PE/125

In=250 A

Ir=1.00 (250A)

tR=5.0         

Isd=5.0 (1250A)

Tsd=0.1         

INST=14.0 (3500A)

Main Aux Swb Q2 Bus Tie 1 Socomec SLP2000 -

Main Aux Swb Q4 Bus Tie 2 Socomec SLP2000 -

NEW 415V MAIN AUXILIARIES  SWITCHBOARD - PROTECTION DEVICE SETTINGS
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Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting   Recommended Setting remarks

Digester MCC Incomer 1 (1600A) - - Stromberg OETL 1600K140 Isolator -

Digester MCC Incomer 2 (1600A) - - Stromberg OETL 1600K140 Isolator - No Longer Used

Digester MCC SRP1 Sludge Recirculation Pump No. 1 11 21 DOL Terasaki Caplet TP50/25 TP50/25 In=25 A

Digester MCC SRP2 Sludge Recirculation Pump No. 2 11 21 DOL Terasaki Caplet TP50/25 TP50/25 In=25 A

Digester MCC SRP3 Sludge Recirculation Pump No. 3 11 21 DOL Terasaki Caplet TP50/25 TP50/25 In=25 A

Digester MCC SRP4 Sludge Recirculation Pump No. 4 11 21 DOL Terasaki Caplet TP50/25 TP50/25 In=25 A

Digester MCC SRP5 Sludge Recirculation Pump No. 5 11 21 DOL Terasaki Caplet TP50/25 TP50/25 In=25 A

Digester MCC SRP6 Sludge Recirculation Pump No. 6 11 21 DOL Terasaki Caplet TP50/25 TP50/25 In=25 A

Digester MCC CP-01 Gas Compressor Digester   No. 1 75 130 DOL Terasaki XH250NJ/160 Ir= 1 (0.63-1)

In=160 A

Ir=1 (160A)

Im=11 (1760A)

Digester MCC CP-02 Gas Compressor Digester   No. 2 75 130 DOL Terasaki XH250NJ/160 Ir= 1 (0.63-1)

In=160 A

Ir=1 (160A)

Im=11 (1760A)

Digester MCC CP-03 Gas Compressor Digester   No. 3 75 130 DOL Terasaki XH250NJ/160 Ir= 1 (0.63-1)

In=160 A

Ir=1 (160A)

Im=11 (1760A)

Digester MCC CP-04 Gas Compressor Digester   No. 4 75 130 DOL Terasaki XH250NJ/160 Ir= 1 (0.63-1)

In=160 A

Ir=1 (160A)

Im=11 (1760A)

Digester MCC CP-05 Gas Compressor Digester   No. 5 75 130 DOL Terasaki XH250NJ/160 Ir= 1 (0.63-1)

In=160 A

Ir=1 (160A)

Im=11 (1760A)

Digester MCC CP-06 Gas Compressor Digester   No. 6 75 130 DOL Terasaki XH250NJ/160 Ir= 1 (0.63-1)

In=160 A

Ir=1 (160A)

Im=11 (1760A)

Digester MCC SNP1 Supernatant Pump No. 1 11 21 DOL Terasaki Caplet TP50/25 In=25 A

Digester MCC SNP2 Supernatant Pump No. 2 11 21 DOL Terasaki Caplet TP50/25 In=25 A

Digester MCC SNP3 Supernatant Pump No. 3 11 21 DOL Terasaki Caplet TP50/25 In=25 A

Digester MCC SGB1 Sludge Gas Transfer Blower 5.5 11 VSD Terasaki XS125NJ/63 Ir= 1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Digester MCC Wall DB - - - CFS 125A 125A

Digester MCC Secure Supply DB - - - CFS 160A 160A

Digester MCC KP1 Tanker Kraft Pump - - - CFS 63A 63A

Digester MCC CNP1 Centrate Pump No. 1 (25A) 11 21
No Longer Used

Digester MCC CNP2 Centrate Pump No. 2 (25A) 11 21
No Longer Used

Digester MCC CSP1A Sludge Pump No. 1A (10A) 4 8.2
No Longer Used

Digester MCC CSP1B Sludge Pump No. 1B (10A) 4 8.2
No Longer Used

Digester MCC CSP2 Sludge Pump No. 2 (25A) 11 21
No Longer Used

Digester MCC CFP1 Centrifuge Feed Pump (40A) 15 28
No Longer Used

Digester MCC COP1 Centrifuge Oil Pump (6.3A) 2.2 4.8
No Longer Used

Digester MCC CHP1
Centrifuge Hydraulic P/Pack 

(50A)
22 40

No Longer Used

Digester MCC CFG1 Centrifuge Main Drive (250A) 132 225
No Longer Used

Digester MCC
Future Polyelectrolyte Pump 

(6.3A)
2.2 4.8

No Longer Used

Digester MCC
Secondary Storage Digester 1 

Mixer (125A)
45 80

No Longer Used

Digester MCC
Secondary Storage Digester 2 

Mixer (125A)
45 80

No Longer Used

DIGESTER MCC - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

DAF SWB QM1 Main Switch (800A/800A) Terasaki XS800NJ/800
Thermal: 0.8

Magnetic: 5

Thermal: 0.8

Magnetic: 5

DAF SWB 1Q1 DAF 1&2 MCC  (400A/400A) Terasaki S400CJ/400
Thermal: 1

Magnetic: 6

Thermal: 0.8

Magnetic: 6

Existing 400A does not provide overload 

protection for cable

DAF SWB 3Q1 DAF 3&4 MCC (400A/400A) Terasaki S400CJ/400
Thermal: 1

Magnetic: 6

Thermal: 0.8

Magnetic: 6

Existing 400A does not provide overload 

protection for cable

DAF SWB 4Q1
Filtrate & Ethanol Dosing MCC 

(160A/160A)
Terasaki S160NJ/160

Thermal: 1

Magnetic: 6

Thermal: 1

Magnetic: 6
Drawings show as a 250 A CB

DAF SWB 2Q1 Old RST SW (250A/250A) Terasaki S250NJ/250
Thermal: 0.8

Magnetic: 6

Thermal: 0.8

Magnetic: 6

will be replaced by RST SW (400/400)

Terasaki-S400CJ

DAF SWB 6Q1 Innovation Centre (250A/250A) Terasaki S250NJ/250
Thermal: 0.8

Magnetic: 6

Change to: 

S250NJ/100 and set:

Thermal: 0.63

Magnetic: 6

Existing 250A does not provide overload 

protection for cable

DAF SWB 5Q1 Supply to RST SW (400A/400A) Terasaki S400CJ/400
Thermal: 0.75

Magnetic: 6

Thermal: 0.8

Magnetic: 6

DAF AREA MAIN SWBD - PROTECTION DEVICE SETTINGS
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Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

DAF 1&2 Main Switch - - - Isolator 400A/400 400A/400 400A/400

DAF 1&2
Thickened Waste Activated 

Sludge Pump 1
5.5 11 VFD Terasaki Caplet TP50/25 TP50/25 TP50/25

DAF 1&2
Thickened Waste Activated 

Sludge Pump 2
5.5 11 VFD Terasaki Caplet TP50/25 TP50/25 TP50/25

DAF 1&2 Waste Activated Sludge Pump 1 11 21 VFD Terasaki Caplet TP50/25 TP50/25 TP50/25

DAF 1&2 Waste Activated Sludge Pump 2 11 21 VFD Terasaki Caplet TP50/25 TP50/25 TP50/25

DAF 1&2 Top Scraper Conveyor 1 0.75 1.8 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Top Scraper Conveyor 2 0.75 1.8 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2
Polyelectrolyte Wetting Head 

Pump
0.55 1.5 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Polyelectrolyte Feeder 0.55 1.5 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Polyelectrolyte Dosing   Pump 1 1.5 3.4 DOL Terasaki Caplet TP50/4 TP50/4 TP50/4

DAF 1&2 Polyelectrolyte Dosing   Pump 2 1.5 3.4 DOL Terasaki Caplet TP50/4 TP50/4 TP50/4

DAF 1&2 Batching Tank Mixer 0.75 1.8 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Transfer Pump 2.2 4.8 DOL Terasaki Caplet TP50/6.3 TP50/6.3 TP50/6.3

DAF 1&2 Effluent Pump 1 5.5 11 DOL Terasaki Caplet TP50/40 TP50/40 TP50/40

DAF 1&2 Effluent Pump 2 5.5 11 DOL Terasaki Caplet TP50/40 TP50/40 TP50/40

DAF 1&2 Effluent Pump 3 5.5 11 DOL Terasaki Caplet TP50/40 TP50/40 TP50/40

DAF 1&2 Dust Collector 0.55 1.5 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Sludge Screw 1 1.5 3.4 DOL Terasaki Caplet TP50/40 TP50/40 TP50/40

DAF 1&2 Sludge Screw 2 1.5 3.4 DOL Terasaki Caplet TP50/40 TP50/40 TP50/40

DAF 1&2 Transverse Scraper 1 0.15 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Transverse Scraper 2 0.15 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Bottom Scraper 1 0.25 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Bottom Scraper 2 0.25 DOL Terasaki Caplet TP50/2.5 TP50/2.5 TP50/2.5

DAF 1&2 Dispersion Pump 1 30 55 DOL Terasaki XM125NJ/100 Ir=o.8xIn Ir=o.8xIn

DAF 1&2 Dispersion Pump 2 30 55 DOL Terasaki XM125NJ/100 Ir=o.8xIn Ir=o.8xIn

DAF 1&2 Dispersion Pump 3 30 55 DOL Terasaki Caplet TC-1008/75 Ir=o.8xIn Ir=o.8xIn

DAF 1&2 Air Compressor 1 7.5 14 DOL Terasaki Caplet TP50/15 TP50/15 TP50/15

DAF 1&2 Air Compressor 2 7.5 14 DOL Terasaki Caplet TP50/15 TP50/15 TP50/15

DAF 1&2 Data Collection Terasaki Caplet TP50/25 TP50/25 TP50/25

DAF 1&2 SWBD - PROTECTION DEVICE SETTINGS
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Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

DAF 3&4 3Q2
Main Incoming & Metering 

Section
- - - Moeller NZM10-630-N

Ir/A=630 (300-630)

Irm=nxIr 5 (2-12)

IΔn=400 (80-400)

tv/ms=1000 (0-1000)

Ir/A=400 (300-630)

Irm=nxIr 4 (2-12)

IΔn=400 (80-400)

tv/ms=1000 (0-1000)

Incoming cable 240 mm2 

N 95mm2 is protected by its upstream 

400A MCCB, this MCCB must coordinate 

with its upstream 400A MCCB

DAF 3&4 EQ003DT3 Tank 3 Scraper 3 6.5 DOL Moeller PKZ2 ZMR-10-PKZ2
Ir=6 (6-10)

Irm=80 (80-140)

Ir=10 (6-10)

Irm=80 (80-140)

Increase Ir to 10A for a 3kW Drive with 

6.5A full load current

DAF 3&4 EQ003DT4 Tank 4 Scraper 3 6.5 DOL Moeller PKZ2 ZMR-10-PKZ2
Ir=6 (6-10)

Irm=80 (80-140)

Ir=10 (6-10)

Irm=80 (80-140)

Increase Ir to 10A for a 3kW Drive with 

6.5A full load current

DAF 3&4 PU007DT3 Subnatant Pump 1 22 40 DOL Moeller NZM7-63S-M
Ir=63 (40-63)

Irm=10 (6-14)

Ir=63 (40-63)

Irm=10 (6-14)

DAF 3&4 PU008DT3 Subnatant Pump 2 22 40 DOL Moeller NZM7-63S-M
Ir=63 (40-63)

Irm=10 (6-14)

Ir=63 (40-63)

Irm=10 (6-14)

DAF 3&4 PU009DT3 Subnatant Pump 3 22 40 DOL Moeller NZM7-63S-M
Ir=63 (40-63)

Irm=10 (6-14)

Ir=63 (40-63)

Irm=10 (6-14)

DAF 3&4 PU001DT3 Feed Pump 1 11 21 VSD Moeller PKZ2 ZM-25-PKZ2
Ir=24 (16-25)

Irm=200 (200-350)

Ir=25 (16-25)

Irm=200 (200-350) Existing Ir too low

DAF 3&4 PU002DT3 Feed Pump 2 11 21 VSD Moeller PKZ2 ZM-25-PKZ2
Ir=24 (16-25)

Irm=200 (200-350)

Ir=25 (16-25)

Irm=200 (200-350) Existing Ir too low

DAF 3&4 PU003DT3 Feed Pump 3 11 21 VSD Moeller PKZ2 ZM-25-PKZ2
Ir=24 (16-25)

Irm=200 (200-350)

Ir=25 (16-25)

Irm=200 (200-350) Existing Ir too low

DAF 3&4 EQ001DT3 Tank 3 Skimmer 1.5 3.4 VSD Moeller PKZ2 ZMR-4-PKZ2
Ir=3.8 (2.4-4)

Irm=35 (35-55)

Ir=4 (2.4-4)

Irm=35 (35-55) Existing Ir too low

DAF 3&4 EQ001DT4 Tank 4 Skimmer 1.5 3.4 VSD Moeller PKZ2 ZMR-4-PKZ2
Ir=3.8 (2.4-4)

Irm=35 (35-55)

Ir=4 (2.4-4)

Irm=35 (35-55) Existing Ir too low

DAF 3&4 CP001DT3 Air Compressor 1 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2
Ir=16 (10-16)

Irm=160 (13-190)

Ir=16 (10-16)

Irm=160 (13-190)

DAF 3&4 CP002DT3 Air Compressor 2 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2
Ir=16 (10-16)

Irm=160 (13-190)

Ir=16 (10-16)

Irm=160 (13-190)

DAF 3&4 PU004DT3 Polymer Dosing Pump 3 1.5 3.4 VSD Moeller PKZ2 ZMR-4-PKZ2
Ir=3.5 (2.4-4)

Irm=35 (45-55)

Ir=4 (2.4-4)

Irm=35 (45-55) Existing Ir too low

DAF 3&4 PU010DT3 Recycle Pump 1 55 100 DOL Moeller NZM7-125S-M
Ir=125 (110-125)

Irm=12 (6-14)

Ir=125 (110-125)

Irm=12 (6-14)

DAF 3&4 PU011DT3 Recycle Pump 2 55 100 DOL Moeller NZM7-125S-M
Ir=125 (110-125)

Irm=12 (6-14)

Ir=125 (110-125)

Irm=12 (6-14)

DAF 3&4 PU012DT3 Recycle Pump 3 55 100 DOL Moeller NZM7-125S-M
Ir=125 (110-125)

Irm=12 (6-14)

Ir=125 (110-125)

Irm=12 (6-14)

DAF 3&4 PU005DT3 Sludge (TWAS) Pump 1 15 28 VSD Moeller PKZ2 ZM-32-PKZ2
Ir=32 (24-32)

Irm=275 (275-425)

Ir=32 (24-32)

Irm=275 (275-425)

DAF 3&4 PU006DT3 Sludge (TWAS) Pump 2 15 28 VSD Moeller PKZ2 ZM-32-PKZ2
Ir=32 (24-32)

Irm=275 (275-425)

Ir=32 (24-32)

Irm=275 (275-425)

General Purpose DB 100/100 - - - CFS 100A 100A

Instrumentation DB 100/32 - - - CFS 32A 32A

DAF 3&4 SWBD - PROTECTION DEVICE SETTINGS

Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Main Switch - - - NHP LK Isolator NHP LK Isolator Isolator

Sludge feed Pump 1 15 28 VFD Terasaki Caplet TP50/40 TP50/40 TP50/40

Sludge feed Pump 2 15 28 VFD Terasaki Caplet TP50/40 TP50/40 TP50/40

Thickend sludge  Pump 1 22 40 VFD Terasaki Caplet TP50/50 TP50/50 TP50/50

Thickend sludge  Pump 2 22 40 VFD Terasaki Caplet TP50/50 TP50/50 TP50/50

Wash water 1 4 8.2 VFD Terasaki Caplet TP50/10 TP50/10 TP50/10

Wash water 2 4 8.2 VFD Terasaki Caplet TP50/10 TP50/10 TP50/10

Poly Dose 1 2.2 4.8 VFD Terasaki Caplet TP50/10 TP50/10 TP50/10

Poly Dose 2 2.2 4.8 VFD Terasaki Caplet TP50/10 TP50/10 TP50/10

RST Drum 1 4 8.2 VFD Terasaki Caplet TP50/10 TP50/10 TP50/10

RST Drum 2 4 8.2 VFD Terasaki Caplet TP50/10 TP50/10 TP50/10

Agitator pump ? ? Terasaki Caplet TP50/40 TP50/40 TP50/40 Not Connected

OLD RST SWBD - PROTECTION DEVICE SETTINGS
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Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Fitrate & Ethanol 

Dosing & RST
Q1 Main Switch - - - Moeller NZM7-200N

Ir/A=200 (160-200)

Irm/nx Ir=6 (2-12)

IΔn= 400 (80-400)

tv/ms=500

Ir/A=200 (160-200)

Irm/nx Ir=6 (2-12)

IΔn= 400 (80-400)

tv/ms=500

Fitrate & Ethanol 

Dosing & RST
PU001MET Methanol unloading pump 0.75 1.8 DOL Moeller PKZ2 ZMR-2.4-PKZ2

Ir=1.8

Irm= 20

Ir=2.4

Irm= 20 Existing Ir setting lower than motor FLC

Fitrate & Ethanol 

Dosing & RST
PU002MET Methanol dosing pump 1 0.37 1.1 VFD Moeller PKZ2 ZMR-1-PKZ2

Ir=1

Irm= 10

Ir=1

Irm= 10

Fitrate & Ethanol 

Dosing & RST
PU003MET Methanol dosing pump 2 0.37 1.1 VFD Moeller PKZ2 ZMR-1-PKZ2

Ir=1

Irm= 10

Ir=1

Irm= 10

Fitrate & Ethanol 

Dosing & RST
PU001RT1

Primary Effluent Dilution Pump 

1
4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=10

Irm=90

Ir=10

Irm=90

Fitrate & Ethanol 

Dosing & RST
PU002RT1

Primary Effluent Dilution Pump 

2
4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=10

Irm=90

Ir=10

Irm=90

Fitrate & Ethanol 

Dosing & RST
PU003RT1 RST Balance tank mixing Pump 1 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=10

Irm=90

Ir=10

Irm=90

Fitrate & Ethanol 

Dosing & RST
PU004RT1 RST Balance tank mixing Pump 2 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=10

Irm=90

Ir=10

Irm=90

Fitrate & Ethanol 

Dosing & RST
PU001FDS

RST Filtrate dosing return Pump 

1
15 28 DOL Moeller PKZ2 ZMR-32-PKZ2

Ir=26

Irm=300

Ir=32

Irm=300 Existing Ir setting lower than motor FLC

Fitrate & Ethanol 

Dosing & RST
PU002FDS

RST Filtrate dosing return Pump 

2
15 28 DOL Moeller PKZ2 ZMR-32-PKZ2

Ir=26

Irm=300

Ir=32

Irm=300 Existing Ir setting lower than motor FLC

Fitrate & Ethanol 

Dosing & RST
EQ001RT1 Odour Control System 15 28 DOL Moeller PKZ3 ZMR-40-PKZ3 Not used Not used

Fitrate & Ethanol 

Dosing & RST
30 Pole General Purpose DB - - - CFS 100/100 100A 60A

Two large and would not discriminate

Fitrate & Ethanol 

Dosing & RST

24 Pole DCS & Instrumentation 

DB
- - - CFS 100/32 32A 32A

FILTRATE & ETHANOL DOSING MCC - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Effluent SWB Q1M Main Switch (400A-Non Auto) - - - Terasaki S400/NE Non Auto Isolator Only

Effluent SWB Q2 Distribution Board Isolator - - - Terasaki E250NJ/100
Ir=1

Ii=12

Ir=1

Ii=12

Effluent SWB Q3 Pump No. 1 75 130 VSD Terasaki E250NJ/250
Ir=1

Ii=10

Ir=1

Ii=10

Effluent SWB Q4 Pump No. 2 75 130 VSD Terasaki E250NJ/250
Ir=1

Ii=10

Ir=1

Ii=10

Effluent SWB
High Pressure Service Water 

Pumps
125 Terasaki E125NJ/125

Ir=1

Ii=10

Ir=1

Ii=10

EFFLUENT SWBD - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting   Recommended Setting remarks

Engin MCC Main Switch - - - Nilson NAB 1-12 Could Not Open

Engin MCC Vent Fan No. 1 7.5 14 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Vent Fan No. 2 7.5 14 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Vent Fan No. 3 7.5 14 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Vent Fan No. 4 7.5 14 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Primary Hot Water Pump   No. 1 7.5 14 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Primary Hot Water Pump   No. 2 7.5 14 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Air Compressor No. 1 11 21 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Air Compressor No. 2 11 21 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC
Secondary Hot Water Pump No. 

1
15 28 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC
Secondary Hot Water Pump No. 

2
15 28 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Raw Water Pump No. 1 30 55 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC Raw Water Pump No. 2 30 55 DOL Terasaki XS125/NJ Ir=1 (0.63-1)

In=63 A

Ir=1 (63A)

Im=13 (819A)

Engin MCC DB Could Not Open

ESSENTIAL SERVICES SWBD - PROTECTION DEVICE SETTINGS
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Switch Board

Circuit 

Breaker tag 

name

Circuit
Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Belt Filter Press & Centrifuge Main Switch - - - Moeller NZM10-400 N

In= 400A

Ir= 250 (200-400)

tr= 8 (2-20)

Irmv/n x Ir= 4 (2-12)

Irm= 2 (1-9) kA

IΔ/A= 100 (80-400)

tv/ms=10 (0-1000)

In=400 A

Ir=250 A

tr=8

Irmv=7 (1764A)

tv=10

Irm=3 (3000A)

IΔ/A= 100 (80-400)

The existing setting does not 

discriminate with the setting of the 

large drive and would pick up the 

faults before the Centrifuge Main 

Drive trips.

Belt Filter Press & Centrifuge
Centrifuge 1 Control Panel 

Supply
22 40 DOL Moeller NZM7-63 S

Ir= 60 (40-63)

Irm/nxIu=10 (8-12)

In=63 A

Ir=60 A

Irm=10 (630A)

Belt Filter Press & Centrifuge
Centrifuge 2 Control Panel 

Supply
22 40 DOL Moeller NZM7-63 S

Ir= 60 (40-63)

Irm/nxIu=10 (8-12)

In=63 A

Ir=60 A

Irm=10 (630A)

Belt Filter Press & Centrifuge Poly Dosing Pump 1 0.55 1.5 VSD Moeller ZM-4-PKZ 2
Ir= 2.4 (2.4-4)

Irm= 40 (35-55)

In=4 A

Ir=4 A

Irm=40 A

Belt Filter Press & Centrifuge Poly Dosing Pump 2 0.55 1.5 VSD Moeller ZM-4-PKZ 2
Ir= 2.4 (2.4-4)

Irm= 40 (35-55)

In=4 A

Ir=4 A

Irm=40 A

Belt Filter Press & Centrifuge Poly Dosing Pump 3 0.55 1.5 VSD Moeller ZM-4-PKZ 2
Ir= 2.4 (2.4-4)

Irm= 40 (35-55)

In=4 A

Ir=4 A

Irm=40 A

Belt Filter Press & Centrifuge Sludge Pump 1 15 28 VSD Moeller ZM-32-PKZ2
Ir= 24 (24-32)

Irm= 375 (275-425)

In=32 A

Ir=32 A

Irm=275 A

Belt Filter Press & Centrifuge Sludge Pump 2 15 28 VSD Moeller ZM-32-PKZ2
Ir= 24 (24-32)

Irm= 375 (275-425)

In=32 A

Ir=32 A

Irm=275 A

Belt Filter Press & Centrifuge Sludge Pump 3 15 28 VSD Moeller ZM-32-PKZ2
Ir= 24 (24-32)

Irm= 375 (275-425)

In=32 A

Ir=32 A

Irm=275 A

Belt Filter Press & Centrifuge Centrifuge Main Drive 1 90 155 VSD Moeller NZM7-200S-M
Irm/nxIu= 12(6-12)

Ir= 160(160-200)

In=200 A

Ir=160 A

Irm=6 (1200A)

Belt Filter Press & Centrifuge Centrifuge Main Drive 2 90 155 VSD Moeller NZM7-200S-M
Irm/nxIu= 12(6-12)

Ir= 160(160-200)

In=200 A

Ir=160 A

Irm=6 (1200A)

Belt Filter Press & Centrifuge Belt Filter Press 3 Main Drive 2.2 4.8 VSD Moeller ZM-6-PKZ 2
Ir= 6 (4-6)

Irm= 80 (50-80)

In=6 A

Ir=6 A

Irm=80 A

Belt Filter Press & Centrifuge Dilution Water Pump 15 28 DOL Moeller ZMR-32-PKZ 2
Ir= 26 (24-32)

Irm= 375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Belt Filter Press & Centrifuge Belt Wash Pump 3 7.5 14 DOL Moeller ZMR-16-PKZ 2
Ir= 13 (10-16)

Irm= 175 (130-220)

In=16 A

Ir=16 A

Irm=170 A

Belt Filter Press & Centrifuge Hydraulic Pump PK 3 1.5 3.4 DOL Moeller ZMR-4-PKZ 2
Ir= 4 (2.4-4)

Irm= 45 (35-55)

In=4 A

Ir=4 A

Irm=45 A

Belt Filter Press & Centrifuge BFP3 Air Compressor 2.2 4.8 DOL Moeller ZMR-16-PKZ 2
Ir= 16 (10-16)

Irm= 220 (130-220)

In=16 A

Ir=16 A

Irm=170 A

Belt Filter Press & Centrifuge Sludge Muncher 4 8.2 DOL Moeller ZMR-6-PKZ 2
Ir= 6 (4-6)

Irm= 80 (50-80)

In=6 A

Ir=6 A

Irm=80 A

Belt Filter Press & Centrifuge BFP3 & CN Filter Pump 1 7.5 14 DOL Moeller ZMR-16-PKZ 2
Ir= 16 (10-16)

Irm= 190 (130-220)

In=16 A

Ir=16 A

Irm=190 A

Belt Filter Press & Centrifuge BFP3 & CN Filter Pump 2 7.5 14 DOL Moeller ZMR-16-PKZ 2
Ir= 16 (10-16)

Irm= 190 (130-220)

In=16 A

Ir=16 A

Irm=190 A

Belt Filter Press & Centrifuge BFP3 & CN COM Conveyor 0.75 1.8 DOL Moeller ZMR-16-PKZ 2
Ir= 16 (10-16)

Irm= 190 (130-220)

In=16 A

Ir=16 A

Irm=190 A

Belt Filter Press & Centrifuge Stack Conveyor Moeller ZMR-6-PKZ 2
Ir= 4.5 (4-6)

Irm= 60 (50-80)

In=6 A

Ir=6 A

Irm=60 A

Belt Filter Press & Centrifuge DB - - - Merlin Gerin INS250/160A

Belt Filter Press & Centrifuge Sludge Handling Schneider NSX/160F 80/125A

In=80 A

Ir=0.8 (64A)

Ii=8 (640A)

BELT FILTER PRESS & CENTRIFUGE SWBD - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Sludge Conveyor Main Switch - - - Terasaki E250NJ/160A
Ir=1

Ii=13

Ir=1

Ii=13

SLUDGE CONVEYOR - PROTECTION DEVICE SETTINGS
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Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Gallery Aeration DB 

SWB
Q1M Main Switch (400A) - - - Terasaki E400-NJ/400

Ir=1

Ii=10

In=400A

Ir=1 (400A)

Ii=6 (2400A)

tm=0.02

Exisitng Ii setting is too and provides Cat.3 

SWBD

Gallery Aeration DB 

SWB
Q2

Effluent Pump Station SWB 

(300/400A)
- - - Terasaki E400-NJ/400

Ir=0.8

Ii=10

Ir=0.8

Ii=10

Gallery Aeration DB 

SWB
Q3 Spare (160/250A) - - - Terasaki E250NJ/160 -

Gallery Aeration DB 

SWB
Q4 Spare (100/250A) - - - Terasaki E250NJ/250 -

Gallery Aeration DB 

SWB
Q5 DB 1 (200/250A) - - - Terasaki E250-NJ/250

Ir=1

Ii=10

Ir=1

Ii=10

Gallery Aeration DB 

SWB
Q6 DB 2 (100/250A) - - - Terasaki E250-NJ/100

Ir=1

Ii=12

Ir=1

Ii=12

GELLARY AERATION DB - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Gas Compression 

Area Dist SWB
Main Switch - - - CFS 160A 160A 100A

The existing 160A HRC Fuses do not 

provide overload protection for the L&P 

DB Cable

Gas Compression 

Area Dist SWB
L & P DB - 63 -

GAS COMPRESSION AREA DB - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit Description

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting   Recommended Setting remarks

Nitrogen Removal 

SW 1 & 2
Q1

Main Incoming & Metering 

Section
- - - Moeller NZM10 NZM10-630N

In=630A

Ir/A=455 (300-630)

Irm/nxIr=4 (2-12)

IΔn/A=320 (80-400)

tv/ms=500 (0-1000)

Ir/A=400 A

Irm/nxIr=4 (2520A)

IΔn/A=320 A

tv/ms=500

Exisitng Ir setting is too high and 

would not provide overload 

protection for its cable 

Nitrogen Removal 

SW 1 & 2
MX001BR1

Common Anaerobic Zone Mixer 

No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX002BR1

Common Anaerobic Zone Mixer 

No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX003BR1

Common Anaerobic Zone Mixer 

No. 3
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX004BR1

Common Anaerobic Zone Mixer 

No. 4
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX005BR1

Common Anaerobic Zone Mixer 

No. 5
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX006BR1

Common Anaerobic Zone Mixer 

No. 6
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX007BR1 Anaerobic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX008BR1 Anaerobic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX009BR1 Anaerobic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX010BR1 Anaerobic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX011BR1 Anaerobic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX012BR1

Anaerobic / Anoxic Swing Zone 

Mixer No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX013BR1

Anaerobic / Anoxic Swing Zone 

Mixer No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX014BR1 Anoxic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX015BR1 Anoxic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX016BR1 Anoxic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX017BR1 Anoxic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX018BR1 Anoxic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX019BR1 Anoxic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX020BR1 Anoxic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX021BR1 Anoxic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX022BR1

Anoxic / Aerobic Swing Zone 

Mixer
2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=65 (50-80)

In=6 A

Ir=6 A

Irm=65 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX023BR1 Post Anoxic Zone Mixer 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=105 (80-140)

In=10 A

Ir=10 A

Irm=105A

Exisitng Ir setting is lower than motor 

FLC 

N REMOVAL 1&2 SWBD - PROTECTION DEVICE SETTINGS
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Nitrogen Removal 

SW 1 & 2
MX024BR1 Booster Mixer 2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=70 (50-80)

In=6 A

Ir=6 A

Irm=70 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX025BR1 Post Anoxic Zone Mixer # 2 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=120 (80-140)

In=10 A

Ir=10 A

Irm=120 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
PU001BR1

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
PU002BR1

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 2
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
PU003BR1

Mixed Liquor 'B' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
MX001BR2

Common Anaerobic Zone Mixer 

No. 7
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX002BR2

Common Anaerobic Zone Mixer 

No. 8
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX003BR2

Common Anaerobic Zone Mixer 

No. 9
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX004BR2

Common Anaerobic Zone Mixer 

No. 10
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX005BR2

Common Anaerobic Zone Mixer 

No. 11
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX006BR2

Common Anaerobic Zone Mixer 

No. 12
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX007BR2 Anaerobic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX008BR2 Anaerobic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A
Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX009BR2 Anaerobic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A
Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX010BR2 Anaerobic Zone Mixer No. 9 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX011BR2 Anaerobic Zone Mixer No. 10 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
PU001W1A Stage 1A WAS Pump No. 1 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=14 (10-16)

Irm=210 (130-220)

In=16 A

Ir=16 A

Irm=220 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
PU002W1A Stage 1A WAS Pump No. 2 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=14 (10-16)

Irm=210 (130-220)

In=16 A

Ir=16 A

Irm=220 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
MX012BR2

Anaerobic / Anoxic Swing Zone 

Mixer No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX013BR2

Anaerobic / Anoxic Swing Zone 

Mixer No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX014BR2 Anoxic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX015BR2 Anoxic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX016BR2 Anoxic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX017BR2 Anoxic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX018BR2 Anoxic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX019BR2 Anoxic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX020BR2 Anoxic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX021BR2 Anoxic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX022BR2

Anoxic / Aerobic Swing Zone 

Mixer
2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Irm=70 (50-80)

Ir=5 (4-6)

In=6 A

Ir=6 A

Irm=50 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX023BR2 Post Anoxic Zone Mixer 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Irm=105 (80-140)

Ir=8 (6-10)

In=10 A

Ir=10 A

Irm=100 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
MX024BR2 Booster Mixer 2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=65 (50-80)

In=6 A

Ir=6 A

Irm=65 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
MX025BR2 Post Anoxic Zone Mixer # 2 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=120 (80-140)

In=10 A

Ir=10 A

Irm=120 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
PU001BR2

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
PU002BR2

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 2
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
PU003BR2

Mixed Liquor 'B' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 1 & 2
PS-1

24V DC & AC Control Circuit 

Supply
- - - Moeller PKZ2 ZM-16-8-PKZ2

Ir=10 (10-14)

Irm=80 (80-140)

In=16 A

Ir=16 A

Irm=80 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 1 & 2
GP-DB

30 Way General Purpose Power 

Distribution Board
- - - Clipsal 100A/100A 100A FUSE 100A FUSE

Nitrogen Removal 

SW 1 & 2
EA-DB

60 Way Electric Actuator  Power 

Distribution Board
- - - Clipsal 100A/100A 100A FUSE 100A FUSE

Nitrogen Removal 

SW 1 & 2
DCS-DB

24 Way DCS & Instrumentation 

Power Distribution Board
- - - Clipsal 32A/63A 32A/63A FUSE 32A/63A FUSE

Nitrogen Removal 

SW 1 & 2
PU001FAD

Formic Acid Dosing Diaphragm 

Pump
0.75 1.8 VSD ? ? ?
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Switch Board
Circuit Breaker 

tag name
Circuit Description

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting   Recommended Setting remarks

Nitrogen Removal 

SW 3 & 4
Q1

Main Incoming & Metering 

Section
- - - Moeller NZM10 NZM10-630N

In=630A

Ir/A=455 (300-630)

Irm/nxIr=4 (2-12)

IΔn/A=320 (80-400)

tv/ms=500 (0-1000)

In=630A

Ir/A=400 A

Irm/nxIr=4 (2520A)

IΔn/A=320 A

tv/ms=500

Exisitng Ir setting is too high and 

would not provide overload 

protection for its cable 

Nitrogen Removal 

SW 3 & 4
MX001BR3

Common Anaerobic Zone Mixer 

No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX002BR3

Common Anaerobic Zone Mixer 

No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX003BR3

Common Anaerobic Zone Mixer 

No. 3
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX004BR3

Common Anaerobic Zone Mixer 

No. 4
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX005BR3

Common Anaerobic Zone Mixer 

No. 5
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX006BR3

Common Anaerobic Zone Mixer 

No. 6
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX007BR3 Anaerobic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX008BR3 Anaerobic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX009BR3 Anaerobic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX010BR3 Anaerobic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX011BR3 Anaerobic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX012BR3

Anaerobic / Anoxic Swing Zone 

Mixer No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX013BR3

Anaerobic / Anoxic Swing Zone 

Mixer No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX014BR3 Anoxic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX015BR3 Anoxic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX016BR3 Anoxic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX017BR3 Anoxic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX018BR3 Anoxic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX019BR3 Anoxic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX020BR3 Anoxic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX021BR3 Anoxic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX022BR3

Anoxic / Aerobic Swing Zone 

Mixer
2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=65 (50-80)

In=6 A

Ir=6 A

Irm=65 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX023BR3 Post Anoxic Zone Mixer 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=105 (80-140)

In=10 A

Ir=10 A

Irm=105A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
MX024BR3 Booster Mixer 2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=70 (50-80)

In=6 A

Ir=6 A

Irm=70 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX025BR3 Post Anoxic Zone Mixer # 2 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=120 (80-140)

In=10 A

Ir=10 A

Irm=120 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
PU001BR3

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
PU002BR3

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 2
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
PU003BR3

Mixed Liquor 'B' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
MX001BR4

Common Anaerobic Zone Mixer 

No. 7
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX002BR4

Common Anaerobic Zone Mixer 

No. 8
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX003BR4

Common Anaerobic Zone Mixer 

No. 9
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX004BR4

Common Anaerobic Zone Mixer 

No. 10
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX005BR4

Common Anaerobic Zone Mixer 

No. 11
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX006BR4

Common Anaerobic Zone Mixer 

No. 12
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX007BR4 Anaerobic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX008BR4 Anaerobic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A
Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX009BR4 Anaerobic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A
Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX010BR4 Anaerobic Zone Mixer No. 9 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX011BR4 Anaerobic Zone Mixer No. 10 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
PU001W1B Stage 1B WAS Pump No. 3 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=14 (10-16)

Irm=210 (130-220)

In=16 A

Ir=16 A

Irm=220 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
PU002W1B Stage 1B WAS Pump No. 4 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=14 (10-16)

Irm=210 (130-220)

In=16 A

Ir=16 A

Irm=220 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
MX012BR4

Anaerobic / Anoxic Swing Zone 

Mixer No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2 Ir=14 (10-16)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX013BR4

Anaerobic / Anoxic Swing Zone 

Mixer No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX014BR4 Anoxic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

N REMOVAL 3&4 SWBD - PROTECTION DEVICE SETTINGS
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Nitrogen Removal 

SW 3 & 4
MX015BR4 Anoxic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX016BR4 Anoxic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX017BR4 Anoxic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX018BR4 Anoxic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX019BR4 Anoxic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX020BR4 Anoxic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX021BR4 Anoxic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX022BR4

Anoxic / Aerobic Swing Zone 

Mixer
2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=65 (50-80)

In=6 A

Ir=6 A

Irm=65 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX023BR4 Post Anoxic Zone Mixer 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=105 (80-140)

In=10 A

Ir=10 A

Irm=105 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
MX024BR4 Booster Mixer 2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=70 (50-80)

In=6 A

Ir=6 A

Irm=70 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
MX025BR4 Post Anoxic Zone Mixer # 2 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=120 (80-140)

In=10 A

Ir=10 A

Irm=120 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
PU001BR4

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
PU002BR4

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 2
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
PU003BR4

Mixed Liquor 'B' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 3 & 4
MX026BR3 Bio Aearator No. 3 Mixer No. 1 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=16 (10-16)

Irm=190 (160-220)

In=16 A

Ir=16 A

Irm=190 A

Not shown on as built drawings

Nitrogen Removal 

SW 3 & 4
MX027BR3 Bio Aearator No. 3 Mixer No. 2 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=16 (10-16)

Irm=190 (160-220)

In=16 A

Ir=16 A

Irm=190 A

Not shown on as built drawings

Nitrogen Removal 

SW 3 & 4
MX026BR4 Bio Aearator No. 4 Mixer No. 1 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=16 (10-16)

Irm=190 (160-220)

In=16 A

Ir=16 A

Irm=190 A

Not shown on as built drawings

Nitrogen Removal 

SW 3 & 4
MX027BR4 Bio Aearator No. 4 Mixer No. 2 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=16 (10-16)

Irm=190 (160-220)

In=16 A

Ir=16 A

Irm=190 A

Not shown on as built drawings

Nitrogen Removal 

SW 3 & 4
PS-1

24V DC & AC Control Circuit 

Supply
- - - Moeller PKZ2 ZM-16-8-PKZ2

Ir=10 (10-14)

Irm=80 (80-140)

In=16 A

Ir=16 A

Irm=80 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 3 & 4
GP-DB

30 Way General Purpose Power 

Distribution Board
- - - Clipsal 100A/100A 100A FUSE 100A FUSE

Nitrogen Removal 

SW 3 & 4
EA-DB

60 Way Electric Actuator  Power 

Distribution Board
- - - Clipsal 100A/100A 100A FUSE 100A FUSE

Nitrogen Removal 

SW 3 & 4
DCS-DB

24 Way DCS & Instrumentation 

Power Distribution Board
- - - Clipsal 32A/63A 32A/63A FUSE 32A/63A FUSE
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Switch Board
Circuit Breaker 

tag name
Circuit Description

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting   Recommended Setting remarks

Nitrogen Removal 

SW 5 & 6
Q1

Main Incoming & Metering 

Section
- - - Moeller NZM10 NZM10-630N

In=630A

Ir/A=455 (300-630)

Irm/nxIr=4 (2-12)

IΔn/A=320 (80-400)

tv/ms=500 (0-1000)

In=630A

Ir/A=400 A

Irm/nxIr=4 (2520A)

IΔn/A=320 A

tv/ms=500

Exisitng Ir setting is too high and 

would not provide overload 

protection for its cable 

Nitrogen Removal 

SW 5 & 6
MX001BR5

Common Anaerobic Zone Mixer 

No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX002BR5

Common Anaerobic Zone Mixer 

No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX003BR5

Common Anaerobic Zone Mixer 

No. 3
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX004BR5

Common Anaerobic Zone Mixer 

No. 4
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX005BR5

Common Anaerobic Zone Mixer 

No. 5
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX006BR5

Common Anaerobic Zone Mixer 

No. 6
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX007BR5 Anaerobic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX008BR5 Anaerobic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX009BR5 Anaerobic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX010BR5 Anaerobic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX011BR5 Anaerobic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX012BR5

Anaerobic / Anoxic Swing Zone 

Mixer No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX013BR5

Anaerobic / Anoxic Swing Zone 

Mixer No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX014BR5 Anoxic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX015BR5 Anoxic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX016BR5 Anoxic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX017BR5 Anoxic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX018BR5 Anoxic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX019BR5 Anoxic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX020BR5 Anoxic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX021BR5 Anoxic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX022BR5

Anoxic / Aerobic Swing Zone 

Mixer
2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=65 (50-80)

In=6 A

Ir=6 A

Irm=65 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX023BR5 Post Anoxic Zone Mixer 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=105 (80-140)

In=10 A

Ir=10 A

Irm=105A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
MX024BR5 Booster Mixer 2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=70 (50-80)

In=6 A

Ir=6 A

Irm=70 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX025BR5 Post Anoxic Zone Mixer # 2 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=120 (80-140)

In=10 A

Ir=10 A

Irm=120 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
PU001BR5

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
PU002BR5

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 2
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
PU003BR5

Mixed Liquor 'B' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
MX001BR6

Common Anaerobic Zone Mixer 

No. 7
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX002BR6

Common Anaerobic Zone Mixer 

No. 8
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX003BR6

Common Anaerobic Zone Mixer 

No. 9
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX004BR6

Common Anaerobic Zone Mixer 

No. 10
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX005BR6

Common Anaerobic Zone Mixer 

No. 11
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX006BR6

Common Anaerobic Zone Mixer 

No. 12
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX007BR6 Anaerobic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX008BR6 Anaerobic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX009BR6 Anaerobic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX010BR6 Anaerobic Zone Mixer No. 9 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX011BR6 Anaerobic Zone Mixer No. 10 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
PU001W2 Stage 2 WAS Pump No. 5 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=14 (10-16)

Irm=210 (130-220)

In=16 A

Ir=16 A

Irm=220 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
PU002W2 Stage 2 WAS Pump No. 6 7.5 14 DOL Moeller PKZ2 ZMR-16-PKZ2

Ir=14 (10-16)

Irm=210 (130-220)

In=16 A

Ir=16 A

Irm=220 A

Exisitng Ir setting is lower than motor 

FLC 

N REMOVAL 5&6 SWBD - PROTECTION DEVICE SETTINGS
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Nitrogen Removal 

SW 5 & 6
MX012BR6

Anaerobic / Anoxic Swing Zone 

Mixer No. 1
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX013BR6

Anaerobic / Anoxic Swing Zone 

Mixer No. 2
1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX014BR6 Anoxic Zone Mixer No. 1 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX015BR6 Anoxic Zone Mixer No. 2 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX016BR6 Anoxic Zone Mixer No. 3 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX017BR6 Anoxic Zone Mixer No. 4 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX018BR6 Anoxic Zone Mixer No. 5 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX019BR6 Anoxic Zone Mixer No. 6 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX020BR6 Anoxic Zone Mixer No. 7 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX021BR6 Anoxic Zone Mixer No. 8 1.5 3.4 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=4 (4-6)

Irm=52 (50-80)

In=6 A

Ir=6 A

Irm=52 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX022BR6

Anoxic / Aerobic Swing Zone 

Mixer
2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Irm=70 (50-80)

Ir=5 (4-6)

In=6 A

Ir=6 A

Irm=50 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX023BR6 Post Anoxic Zone Mixer 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Irm=105 (80-140)

Ir=8 (6-10)

In=10 A

Ir=10 A

Irm=100 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
MX024BR6 Booster Mixer 2.3 4.8 DOL Moeller PKZ2 ZMR-6-PKZ2

Ir=5 (4-6)

Irm=65 (50-80)

In=6 A

Ir=6 A

Irm=65 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
MX025BR6 Post Anoxic Zone Mixer # 2 4 8.2 DOL Moeller PKZ2 ZMR-10-PKZ2

Ir=8 (6-10)

Irm=120 (80-140)

In=10 A

Ir=10 A

Irm=120 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
PU001BR6

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
PU002BR6

Mixed Liquor 'A' MLSS 

Recirculation Pump No. 2
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
PU003BR6

Mixed Liquor 'B' MLSS 

Recirculation Pump No. 1
15 28 VSD Moeller PKZ2 ZM-32-PKZ2

Ir=28 (24-32)

Irm=375 (275-425)

In=32 A

Ir=32 A

Irm=375 A

Exisitng Ir setting is lower than motor 

FLC 

Nitrogen Removal 

SW 5 & 6
PS-1

24V DC & AC Control Circuit 

Supply
- - - Moeller PKZ2 ZM-16-8-PKZ2

Ir=10 (10-14)

Irm=80 (80-140)

In=16 A

Ir=16 A

Irm=80 A

Exisitng Ir setting is too low 

Nitrogen Removal 

SW 5 & 6
GP-DB

30 Way General Purpose Power 

Distribution Board
- - - Clipsal 100A/100A 100A FUSE 100A FUSE

Nitrogen Removal 

SW 5 & 6
EA-DB

60 Way Electric Actuator  Power 

Distribution Board
- - - Clipsal 100A/100A 100A FUSE 100A FUSE

Nitrogen Removal 

SW 5 & 6
DCS-DB

24 Way DCS & Instrumentation 

Power Distribution Board
- - - Clipsal 32A/63A 32A/63A FUSE 32A/63A FUSE
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Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Primary Treatment 

Area
QM1 Main Switch TX1 - - - Terasaki XS800NJ/800

Ir=0.8

Im=5

In=800 A

Ir=0.8 (640A)

Im=5 (4000A)

 

Primary Treatment 

Area
QM2 Main Switch TX2 - - - Terasaki XS800NJ/800

Ir=0.8

Im=5

In=800 A

Ir=0.8 (640A)

Im=5 (4000A)

 

Primary Treatment 

Area
1Q1

Supply to Raw Sewage Screen 

SW No. 1 
- - - Terasaki S250NJ/250

Ir=1

Im=6                                 

In=250 A

Ir=1 (250A)

Ii=6 (1500A)

 

Primary Treatment 

Area
2Q1

Supply to Primary SEDM Tanks 

SW Stage 1
- - - Terasaki S250NJ/250

Ir=0.8

Im=6

In=250 A

Ir=1 (250A)

Ii=6 (1500A)

Exisitng Ir setting too low

Primary Treatment 

Area
3Q1

Supply to Gallery Aeration DB 

SW
- - - Terasaki XS800NJ/800

Ir=1

Im=6                                 

In=800 A

Ir=0.63 (504A)

Im=5 (4000A)

Exisitng Ir setting too high

Primary Treatment 

Area
4Q1

Supply to Light & Power DB SW 

Stage 2
- - - Terasaki S160NJ/100

Ir=0.8

Im=6

In=100 A

Ir=0.8 (80A)

Ii=6 (600A)

 

Primary Treatment 

Area
5Q1

Supply to Light & Power DB SW 

Switchroom
- - - Terasaki S250NJ/250

Ir=0.63

Im=6

In=250 A

Ir=0.63 (157.5A)

Im=6 (1500A)

 

Primary Treatment 

Area
6Q1

Supply to Grit Dredger SW Stage 

1
- - - Terasaki S160NJ/100

Ir=0.8

Im=6

In=100 A

Ir=0.63 (63A)

Ii=6 (600A)

Exisitng Ir setting too high

Primary Treatment 

Area
7Q1 Spare - - - Terasaki S250NJ/250

Ir=0.8

Im=6

In=250 A

Ir=0.8 (200A)

Im=6 (1500A)

Primary Treatment 

Area
QBT Bus Tie Isolator - - - Socomec SLB800 - -

Primary Treatment 

Area
11Q1

Supply to Raw Sewage Screens 

SW
- - - Terasaki S160NJ/160

Ir=1

Im=6
- Not connected

Primary Treatment 

Area
12Q1

Supply to Raw Sewage Screen 

SW No. 2
- - - Terasaki S125NJ/100

Ir=0.63

Im=6

In=100 A

Ir=1 (100A)

Ii=10 (1000A)

Exisitng Ir setting too low

Primary Treatment 

Area
13Q1 Supply to Under Screen Area SW - - - Terasaki S250NJ/250

Ir=0.8

Im=6

In=250 A

Ir=0.8 (200A)

Im=6 (1500A)

 

Primary Treatment 

Area
14Q1

Spare old Supply to Aerials & 

Compound Sheds SW
- - - Terasaki S250NJ/250

Ir=0.8

Im=6
- Not connected

Primary Treatment 

Area
15Q1

Supply to Primary SEDM Tanks 

SW Stage 2
- - - Terasaki S250NJ/250

Ir=0.8

Im=6

In=250 A

Ir=0.8 (200A)

Im=6 (1500A)

 

Primary Treatment 

Area
16Q1

Supply to Grit Dredger SW Stage 

2
- - - Terasaki S160NJ/100

Ir=0.8

Im=6

In=100 A

Ir=0.63 (63A)

Ii=6 (600A)

Exisitng Ir setting too high

Primary Treatment 

Area
17Q1

Spare old Supply to Air 

Treatment Facility
- - - Terasaki S250NJ/250

Ir=1

Im=6
- Not connected

Primary Treatment 

Area
18Q1 Supply to Primary Tanks SW - - - Terasaki S125NJ/100

Ir=0.8

Im=6

In=125 A

Ir=0.8 (100A)

Im=6 (750A)

tm=0.02

 

PRIMARY TREATMENT AREA SWBD - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Primary SEDM  

Tank SWB ST. 1
Main Switch - - - Terasaki XS400NE

In=400 A

Io=0.8 (320A)

I1=0.8 (256A)

T1=10.0         

I2=6 (1920A)

T2=0.1         

I3=7.46 (2387.2A)

Primary SEDM  

Tank SWB ST. 1
Raw Sludge Pump 1 30 55 DOL Terasaki XS125NJ/125

In=125 A

Im=Fixed Magnetic

Primary SEDM  

Tank SWB ST. 1
Raw Sludge Pump 2 30 55 DOL Terasaki XS125NJ/125

In=125 A

Im=Fixed Magnetic

Primary SEDM  

Tank SWB ST. 1
Raw Sludge Pump 3 30 55 DOL Terasaki XS125NJ/125

In=125 A

Im=Fixed Magnetic

Primary SEDM  

Tank SWB ST. 1
Raw Sludge Pump 4 30 55 DOL Terasaki XS125NJ/125

In=125 A

Im=Fixed Magnetic

Primary SEDM  

Tank SWB ST. 1
Sump Pump 1.5 3.4 DOL Terasaki Caplet TP-50/8 Ii= 8(5-8)

In=8 A

Im=Fixed Magnetic

Primary SEDM  

Tank SWB ST. 1
DB - 63 - Isolator - -

RAW SLUDGE PUMPS STAGE 1- SWBD - PROTECTION DEVICE SETTINGS
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Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Primary SEDM  

Tank SWB ST. 2
Main Switch - - - Terasaki TO-400BA No Adjustment

In=400 A

INST=5 (2000A)

Primary SEDM  

Tank SWB ST. 2
Raw Sludge Pump 5 30 55 DOL Terasaki TG-100B No Adjustment In=100 A

Primary SEDM  

Tank SWB ST. 2
Raw Sludge Pump 6 30 55 DOL Terasaki TG-100B No Adjustment In=100 A

Primary SEDM  

Tank SWB ST. 2
Side Consentrator No. 5 2.2 4.8 DOL Terasaki E125NJ/32 -

In=32 A

Ir=0.63 A (20.2)

Ii=12.5 (400A)

Primary SEDM  

Tank SWB ST. 2
Side Consentrator No. 6 2.2 4.8 DOL Terasaki E125NJ/32 -

In=32 A

Ir=0.63 A (20.2)

Ii=12.5 (400A)

Primary SEDM  

Tank SWB ST. 2
Telescopic Valve No. 5A 0.37 1.1 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

Primary SEDM  

Tank SWB ST. 2
Telescopic Valve No. 5B 0.37 1.1 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

Primary SEDM  

Tank SWB ST. 2
Telescopic Valve No. 6A 0.37 1.1 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

Primary SEDM  

Tank SWB ST. 2
Telescopic Valve No. 6B 0.37 1.1 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

Primary SEDM  

Tank SWB ST. 2
Draw Off Valve No. 5C 0.37 1.1 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

Primary SEDM  

Tank SWB ST. 2
Draw Off Valve No. 6C 0.37 1.1 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

Primary SEDM  

Tank SWB ST. 2
Primary Scraper Submain No. 5 0.25 Terasaki TP50/4 Ir=4 A

Primary SEDM  

Tank SWB ST. 2
Primary Scraper Submain No. 6 0.25 Terasaki TP50/4 Ir=4 A

Primary SEDM  

Tank SWB ST. 2
DB - 20 - Isolator -

RAW SLUDGE PUMPS STAGE 2- SWBD - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

RAS2 SWB Main Switch - - - Terasaki XS630

Long Time= 1xIo (0.8-1)

Short Time= 6xIo (2-10)

Instantaneous= 5xIo (3-12)

T1= 20sec (5-30)

T2= 0.15sec (0.1-0.3)

BASE CURxIn=0.63

Short Time=OFFx10Time

In=630 A

Io=0.63 (396.9A)

I1=1 (396.9A)

T1=10.0         

I2=6 (2381.4A)

T2=0.15         

I3=10.43 (4139.7A)

RAS2 SWB RAS Pump 4 22 40 VSD Terasaki Caplet TP50/50 Ir= 50(32-50) Ir=50 A

RAS2 SWB RAS Pump 5 22 40 VSD Terasaki Caplet TP50/50 Ir= 50(32-50) Ir=50 A

RAS2 SWB RAS Pump 6 22 40 VSD Terasaki Caplet TP50/50 Ir= 50(32-50) Ir=50 A

RAS2 SWB  FST Scraper SR 9 0.55 1.5 VSD Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB FST Scraper SR 10 0.55 1.5 VSD Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB FST Scraper SR 11 0.55 1.5 VSD Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB FST Scraper SR 12 0.55 1.5 VSD Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB Sump Pump S 9 1.1 2.6 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB Sump Pump S 10 1.1 2.6 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB Sump Pump S 11 1.1 2.6 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB Sump Pump S 12 1.1 2.6 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB RAS Valves RV9 Rotork Actuator 0.15 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB
RAS Valves RV10 Rotork 

Actuator
0.15 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB
RAS Valves RV11 Rotork 

Actuator
0.15 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB
RAS Valves RV12 Rotork 

Actuator
0.15 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB
AER'N Basin AV6 Rotork 

Actuator
0.15 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB
AER'N Basin AV7 Rotork 

Actuator
0.15 DOL Terasaki Caplet TP50/4 Ir= 4(2.5-4) Ir=4 A

RAS2 SWB Light & Power DB - - Fuse 160A - -

RAS2 SWB Secure Power DB - - Fuse 160A - -

RAS2 SWB Control Supply - - Fuse 25A - -

RAS 2- SWBD - PROTECTION DEVICE SETTINGS



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 37 of 372 

 

 

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

R.O Treatment SWB Q01 Main Switch 1 (2000A) - - - Terasaki TemPower AT20 Ir=2000

LTPU [I1]=0.9 (1800A)

LTD [T1]=0.5sec      

STPU [I2]=1.5 (3000A)

STD-I2T [T2]=0.08

INST [I3]=2 (4000A)

Existing settings not coordinated

R.O Treatment SWB Q02 Main Switch 2 (2000A) - - - Terasaki TemPower AT20 Ir=2000

LTPU [I1]=0.9 (1800A)

LTD [T1]=0.5sec      

STPU [I2]=1.5 (3000A)

STD-I2T [T2]=0.08

INST [I3]=2 (4000A)

Existing settings not coordinated

R.O Treatment SWB R.O Feed Pump No.1 (400A) 200 361 VFD Eaton NZMN3-AE400

In= 400A

Ir/nxIn= 0.8 (0.5-1)

Irm= 11(2-11)xIn

In=400 A

Ir=1 (400A)

Ii=7 (2800A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB R.O Feed Pump No.2 (400A) 200 361 VFD Moeller NZM 10-400 S

Iu= 400A

Ir/A= 288 (200-400)

Tr/S= 8 (2-∞)

Irm/nxIr= 12 (2-12)

In=400 A

Ir=400 A

Irm=7 (2800A)
Existing Ir setting is lower than load FLC 

R.O Treatment SWB R.O Feed Pump No.3 (400A) 200 361 VFD Eaton NZMN3-AE400

In= 400A

Ir/nxIn= 0.8 (0.5-1)

Irm= 11(2-11)xIn

In=400 A

Ir=1 (400A)

Ii=7 (2800A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB R.O Feed Pump No.4 (400A) 200 361 VFD Moeller NZM-10-400 S

Iu= 400A

Ir/A= 288 (200-400)

Tr/S= 8 (2-∞)

Irm/nxIr= 12 (2-12)

In=400 A

Ir=400 A

Irm=7 (2800A)
Existing Ir setting is lower than load FLC 

R.O Treatment SWB  MF Feed Pump 1 (160A) 75 130 VFD Eaton NZM 2

In= 160A

Ir= 140 (125-160)

Irm= 12 (8-14)xIn

In=160 A

Ir=160 A

Irm=12 (1920A) Existing Ir setting is too low

R.O Treatment SWB MF Feed Pump 2 (160A) 75 130 VFD Moeller NZM7-160S-M
Ir= 125 (125-160)

Irm/nxIu= 14 (6-14)

In=160 A

Ir=160 A

Irm=14 (2240A) Existing Ir setting is too low

R.O Treatment SWB MF Feed Pump 3 (160A) 75 130 VFD Moeller NZM7-160S-M
Ir= 125 (125-160)

Irm/nxIu= 14 (6-14)

In=160 A

Ir=160 A

Irm=14 (2240A) Existing Ir setting is too low

R.O Treatment SWB R.O CIP Tank Heater 45 80 DOL Moeller NZM7-80S
Ir= 63 (63-80)

Irm/nxIu= 8 (8-12)

In=80 A

Ir=80 A

Irm=8 (640A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB MF CIP Tank Heater 45 80 DOL Moeller NZM7-80S
Ir= 63 (63-80)

Irm/nxIu= 8 (8-12)

In=80 A

Ir=80 A

Irm=8 (640A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB Product Water Transfer Pump 1 55 100 S/D Moeller NZM7-125S-M
Ir= 100 (80-125)

Irm/nxIu= 12 (6-14)

In=25 A

Ir=110 A

Irm=12 (1500A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB Product Water Transfer Pump 2 55 100 DOL Moeller NZM7-125S-M
Ir= 100 (80-125)

Irm/nxIu= 12 (6-14)

In=25 A

Ir=110 A

Irm=12 (1500A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB Flushing Pump 1 18.5 34 DOL Moeller-PKZ2 ZMR-40-PKZ2
Ir= 32 (32-40)

Irm= 450 (350-500)

In=40 A

Ir=40 A

Irm=450 A Existing Ir setting is lower than load FLC 

R.O Treatment SWB Flushing Pump 2 18.5 34 DOL Moeller-PKZ2 ZMR-40-PKZ2
Ir= 32 (32-40)

Irm= 450 (350-500)

In=40 A

Ir=40 A

Irm=450 A Existing Ir setting is lower than load FLC 

R.O Treatment SWB Washwater Transfer Pump 1 9 19 DOL Moeller-PKZ2 ZMR-25-PKZ2
Ir= 16 (16-25)

Irm= 300 (200-350)

In=25 A

Ir=25 A

Irm=300 A Existing Ir setting is lower than load FLC 

R.O Treatment SWB Washwater Transfer Pump 2 9 19 DOL Moeller-PKZ2 ZMR-25-PKZ2
Ir= 16 (16-25)

Irm= 300 (200-350)

In=25 A

Ir=25 A

Irm=300 A Existing Ir setting is lower than load FLC 

R.O Treatment SWB Reverse Filtration Pump 1 (125A) 55 100 VFD Moeller NZM7-125S-M
Ir= 80 (80-125)

Irm/nxIu= 14 (6-14)

In=125 A

Ir=110 A

Irm=14 (1750A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB Reverse Filtration Pump 2 (125A) 55 100 VFD Moeller NZM7-125S-M
Ir= 80 (80-125)

Irm/nxIu= 14 (6-14)

In=125 A

Ir=110 A

Irm=14 (1750A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB RO CIP Pump 22 40 DOL Moeller NZM7-63S
Ir= 40 (40-63)

Irm/nxIu= 12 (8-12)

In=63 A

Ir=50 A

Irm=12 (756A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB MF CIP Pump 7.5 14 DOL Moeller-PKZ2 ZMR-16-PKZ2
Ir= 14 (10-16)

Irm= 190 (130-220)

In=16 A

Ir=16 A

Irm=190 A Existing Ir setting is lower than load FLC 

R.O Treatment SWB Na OH Transfer Pump 0.55 1.5 DOL Moeller-PKZ2 ZMR-1.6-PKZ2
Ir= 1.4 (1-1.6)

Irm= 20 (14-22)

In=1.6 A

Ir=1.6 A

Irm=20 A Existing Ir setting is lower than load FLC 

R.O Treatment SWB Na OCI Transfer Pump 0.55 1.5 DOL Moeller-PKZ2 ZMR-1.6-PKZ2
Ir= 1.4 (1-1.6)

Irm= 20 (14-22)

In=1.6 A

Ir=1.6 A

Irm=20 A Existing Ir setting is lower than load FLC 

R.O Treatment SWB Citric Acid CIP Tank Heater 45 80 DOL Moeller NZM7-80S
Ir= 63 (63-80)

Irm/nxIu= 8 (8-12)

In=80 A

Ir=80 A

Irm=8 (640A) Existing Ir setting is lower than load FLC 

R.O Treatment SWB Inflow Transfer Pump 0.55 1.5 DOL Moeller-PKZ2 ZMR-1.6-PKZ2
Ir= 1.4 (1-1.6)

Irm= 18 (14-22)

In=1.6 A

Ir=1.6 A

Irm=18 A Existing Ir setting is lower than load FLC 

R.O Treatment SWB Compressor 1 Panel (63A) 30 55 DOL Schneider TM 80D
Ir= 80 (56-80)

Im=640

In=80 A

Ir=1 (80A)

Im=8 (640A)

R.O Treatment SWB Compressor 2 Panel (63A) 30 55 DOL Schneider TM 80D
Ir= 80 (56-80)

Im=640

In=80 A

Ir=1 (80A)

Im=8 (640A)

R.O Treatment SWB Dosing Pump Control Panel (63A) - - - Moeller NZM7-63S-M
Ir= 40 (40-63)

Irm/nxIu= 14 (8-14)

In=40

Ir= 40 A

Irm= 14 (560A)

R.O Treatment SWB Air Conditioning Panel (32A) 15 28 DOL Moeller NZM7-40H
Ir= 25 (25-40)

Irm/nxIu= 9 (9-12)

In=40 A

Ir=25 A

Irm=9 (360A)

R.O Treatment SWB DB1A
MISC Distribution Board DB1A 

(160A)
- 160 - Moeller NZM7-160S

Ir= 125 (125-160)

Irm/nxIu= 6 (6-12)

In=160 A

Ir=125 A

Irm=6 (960A)

R.O Treatment SWB DB1G Distribution Board DB1G (32A) - 32 - Moeller NZM7-40S
Ir= 25 (25-40)

Irm/nxIu= 9 (9-12)

In=40 A

Ir=25 A

Irm=9 (360A)

RO PLANT SWBD - PROTECTION DEVICE SETTINGS
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Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Dosing Pumps 

CONTL. PNL.
MT910CDS NaOH Dosing Pump #1 0.18 VFD NHP Din T6 Miniature C.B. - In=10 A

Dosing Pumps 

CONTL. PNL.
MT911CDS NaOH Dosing Pump #2 0.18 VFD NHP Din T6 Miniature C.B. - In=10 A

Dosing Pumps 

CONTL. PNL.
MT961CDS

NaOCL MF Feed Water Dosing 

Pump #1
0.18 VFD NHP Din T6 Miniature C.B. - In=10 A

Dosing Pumps 

CONTL. PNL.
MT962CDS

NaOCL MF Feed Water Dosing 

Pump #2
0.18 VFD NHP Din T6 Miniature C.B. - In=10 A

Dosing Pumps 

CONTL. PNL.
MT965CDS

NaOCL MF Reverse Filtration 

Dosing Pump #1
0.75 VFD NHP Din T6 Miniature C.B. - In=10 A

Dosing Pumps 

CONTL. PNL.
MT966CDS

NaOCL MF Reverse Filtration 

Dosing Pump #2
0.75 VFD NHP Din T6 Miniature C.B. - In=10 A

Dosing Pumps 

CONTL. PNL.
MT950CDS Permeate Dosing Pump #1 0.35 DOL NHP Din T6 Miniature C.B. - In=10 A Shown on Drawing as part of New Work

Dosing Pumps 

CONTL. PNL.
MT951CDS Permeate Dosing Pump #2 0.35 DOL NHP Din T6 Miniature C.B. - In=10 A Shown on Drawing as part of New Work

DOSING PUMPS CONTROL PANEL - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker tag 

name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Raw Sewage Screen 

SWB 1
Main Switch - - - Terasaki S250GJ/250

Ir=1

Ii=7

In=250 A

Ir=0.8 (200A)

Ii=6 (1500A)

Existing Ir and Ii settings too high

Raw Sewage Screen 

SWB 1
MTSC-0210-001 Screen Drive-1 Main Motor 1.5 3.4 VSD Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTBR-0210-001 Screen Drive-1 Brush Motor 1.1 2.6 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTSC-0210-003 Screen Drive-3 Main Motor 1.5 3.4 VSD Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTBR-0210-003 Screen Drive-3 Brush Motor 1.1 2.6 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTWPR-0220-001 Wash Press Motor-1 7.5 14 DOL Terasaki E125NJ/32

Ir=1

Ii=12

In=32 A

Ir=1 (32A)

Ii=12.5 (400A)

Raw Sewage Screen 

SWB 1
MTBN-0220-001 Storage Bin 1 1.5 3.4 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTWPR-0220-003 Wash Press Motor-3 7.5 14 DOL Terasaki E125NJ/32

Ir=1

Ii=12

In=32 A

Ir=1 (32A)

Ii=12.5 (400A)

Raw Sewage Screen 

SWB 1
MTBN-0220-003 Storage Bin 3 1.5 3.4 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTBR-0210-005 Screen Drive-5 Main Motor 1.5 3.4 VSD Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTSC-0210-005 Screen Drive-5 Brush Motor 1.1 2.6 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTBR-0210-007 Screen Drive-7 Main Motor 1.5 3.4 VSD Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
MTSC-0210-007 Screen Drive-7 Brush Motor 1.1 2.6 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 1
DB-Q12

Actuator, Lighting & Small Power 

DB (50/63A)
- - - Terasaki E125NJ/63

Ir=1

Ii=12

In=63 A

Ir=1 (63A)

Ii=12.5 (787.5A)

Raw Sewage Screen 

SWB 1
DB-Q13 Drain Pumps DB (32/32A) - - - Terasaki E125NJ/32

Ir=1

Ii=12

In=32 A

Ir=1 (32A)

Ii=12.5 (400A)

RAW SEWAGE SCREENS SWBD 1 - PROTECTION DEVICE SETTINGS



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 39 of 372 

 

 

 

 

 

 

 

  

 

 

Switch Board
Circuit Breaker tag 

name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Raw Sewage Screen 

SWB 2
Main Switch - - - Terasaki E125NJ/63

Ir=1

Ii=12

In=63 A

Ir=1 (63A)

Ii=12.5 (787.5A)

Raw Sewage Screen 

SWB 2
MTSC-0210-002 Screen Drive-2 Main Motor 1.5 3.4 VSD Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
MTBR-0210-002 Screen Drive-2 Brush Motor 1.1 2.6 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
MTSC-0210-004 Screen Drive-4 Main Motor 1.5 3.4 VSD Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
MTBR-0210-004 Screen Drive-4 Brush Motor 1.1 2.6 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
MTWPR-0220-002 Wash Press Motor-2 7.5 14 DOL Terasaki E125NJ/32

Ir=1

Ii=12

In=32 A

Ir=0.8 (25.6A)

Ii=12.5 (400A) Exisitng Ir setting too high

Raw Sewage Screen 

SWB 2
MTBN-0220-002 Storage Bin 2 1.5 3.4 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
MTBR-0210-006 Screen Drive-6 Main Motor 1.5 3.4 VSD Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
MTSC-0210-006 Screen Drive-6 Brush Motor 1.1 2.6 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
MTBR-0210-008 Screen Drive-8 Main Motor 1.5 3.4 VSD Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
MTSC-0210-008 Screen Drive-8 Brush Motor 1.1 2.6 DOL Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

Raw Sewage Screen 

SWB 2
110VAC Control - - - Terasaki E125NJ/20

Ir=0.63

Ii=12

In=20 A

Ir=0.63 (12.6A)

Ii=12.5 (250A)

415V, 24Pole, 160A, 25kA 0.1 SEC.

RAW SEWAGE SCREENS SWBD 2 - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

Sludge Control 

Building DB
Main Switch CFS 800A - 80A

This CFS Unit is on a 10mmsq cable with 

maximum 100A current carrying capacity, 

it does not provide overload protection 

for the cable

Sludge Control 

Building DB
FST 1 Heinemann-NK/K103 30A - 30A

Sludge Control 

Building DB
FST 2 Heinemann-NK/K103 30A - 30A

Sludge Control 

Building DB
FST 3 Heinemann-NK/K103 30A - 30A

Sludge Control 

Building DB
FST 4 Heinemann-NK/K103 30A - 30A

Sludge Control 

Building DB
FST 5 Heinemann-NK/K103 30A - 30A

Sludge Control 

Building DB
FST 6 Heinemann-NK/K103 30A - 30A

Sludge Control 

Building DB
FST 7 Heinemann-NK/K103 30A - 30A

Sludge Control 

Building DB
FST 8 Heinemann-NK/K103 30A - 30A

Sludge Control 

Building DB
Screw Pumps No. 1 Heinemann-NK/SH103 60A - 60A  

Sludge Control 

Building DB
Screw Pumps No. 2 Heinemann-NK/SH103 60A - 60A  

Sludge Control 

Building DB
Screw Pumps No. 3 Heinemann-NK/SH103 60A - 60A  

Sludge Control 

Building DB
DB 1 CFS 200/160 - 60

This CFS Unit must be replaced with a new 

60A in order to discriminate with the Main 

Switch which is now an 80A CFS Unit.

Sludge Control 

Building DB
DB 2 CFS 200/160 - 60

This CFS Unit must be replaced with a new 

60A in order to discriminate with the Main 

Switch which is now an 80A CFS Unit.

SLUDGE CONTROL BUILDING DB - PROTECTION DEVICE SETTINGS

Switch Board
Circuit Breaker 

tag name
Circuit

Drive kW 

Rating

Drive Full 

Load A

Driver 

Type
Model Trip/ Sensor unit Existing Setting  

 Recommended 

Setting
remarks

RMU 3 Sludge Lifter Fuse 315A - 315A

RMU 3 Beacons Fuse 100A - 100A

SLUDGE LIFTER SWBD - PROTECTION DEVICE SETTINGS
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3 INTRODUCTION 

Queensland Urban Utilities (QUU) commissioned Water Services Engineering (WSE) Pty. Ltd. to carry out a 

power system analysis and short circuit fault studies for its Luggage Point Sewage Treatment Plant (LPSTP). 

Final copy of the first stage report was issued in Rev.2 dated 6th August 2014.  

Subsequent to final issue of the report, QUU engaged WSE to complete the studies by addition of two 

remaining components of the report which are Protection Coordination and Arc Flash Evaluation Studies. 

This new Revision 3 of the report includes these studies which completes the scope of works for Luggage 

Point STP Power System Analysis. This version of the report also replaces the old cogeneration plant (sized at 

1.7MW) with the new plant HV System which includes 2x1.2MW Engine/Generator Units but only one unit 

will run at anytime.  

This power system analysis and protection coordination study has been carried out to provide details of the 

fault levels for the 11kV HV Main Switchboard (MSB), 11kV Ring Cable across the STP and its Substations, 

3.3kV Blowers and Engines Switchboard and all 415V LV Main Switchboards and Motor Control Centres 

(MCC) across the STP Site.  

Engineering software called: “PTW - Power Tools” software program has been used for these studies that 

comprise of: 

• DAPPER program is used for power system analysis and fault studies; 

• CAPTER program is used for protection coordination studies; and, 

• Arc Flash Evaluation program is used for arc flash studies in order to determine the safety category 

of each switchboard to specify appropriate PPE required for operation and maintenance of each HV 

or LV switchboard.  

For the entire STP site a comprehensive power system topology has been prepared with details of major 

equipment. All equipment and cabling details collected from the site have been used as the input data to 

the software program and then using the input data, a load flow and voltage drop study was carried out for 

the entire STP Site to determine maximum demand on each MSB/MCC (Note: only duty loads have been 

considered for this study NOT standby loads). The results of Load Flow and Voltage Drop studies were then 

used to carry out the short circuit fault currents, protection coordination and arc flash evaluation studies on 

each MSB/MCC.  

3.1 Energex Data   

Luggage Point STP is powered by two 11kV Energex Feeders called Feeders 12A (Underground Feeder) and 

12B (Overhead Line Feeder) both fed from the Myrtletown Substation. The following information has been 

provided by Energex on details of the two sources of 11kV power supply to the Luggage Point STP: 

Overhead Feeder 12B feeder length 3506m (OH) 

Fault level: 3 – PH: 6578 Amps 

                     1 PH – G: 1330 Amps 

R+: 0.50 Ohms 

X+:  0.93 Ohms 



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 41 of 372 

R₀: 14.54 Ohms 

X₀: 0.70 Ohms 

Underground Feeder 12A Feeder length – 3506 (UG)  

 Fault level: 3 – PH: 3977 Amps 

                       1- PH – G: 1214 Amps 

R+: 0. 98 Ohms 

X+:  1.46 Ohms 

R₀: 14.21 Ohms 

X₀: 3.14 Ohms 

The following information has also been provided by Energex on details of their Myrtletown Substation 

protection relay settings for both 11kV feeders to the STP: 

Protection settings for 11kV feeders (MTNWLP5 & MTNWLP6) at Myrtletown Substation: 

• Over Current (OC) protection set at: 600A 

• Earth Fault (EF) protection set at: 60A 

• Instantaneous (INST) protection set at: 4800A 

• Sensitive Earth Fault (SEF) protection set at: 6A 

As it can be expected the values of the Utility's 11kV Network Impedances for Overhead Feeder 12B is lower 

than the Underground Feeder 12A which is a cable and therefore the fault levels for Feeder 12B is higher 

than 12A. In our Fault Current calculations we will use the highest fault levels contributed by Energex 

Network Feeder 12B in order to determine the maximum available short circuit fault currents on the STP 

Power Distribution Network to assess the short circuit fault rating of the switchboards. It should be noted 

that for the purpose of protection coordination studies the lowest values should be considered not the 

highest values. In this version of the report the minimum fault currents have been considered to carry out 

protection coordination studies.  The minimum fault currents apply when Feeder 12A feeds the STP site and 

both of the new 1.2MW Cogeneration Units are off-line.  
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4 METHODOLOGY 

The power system analysis and protection coordination study involves the following steps to ensure 

compliance with the requirements of AS3000:2007 safety requirements: 

1. Step 1: A power system topology in the form of a one line diagram is prepared. All available input 

data such as motor sizes, cable lengths, type of cable way runs, type of starters, supply authority 

networks fault levels and transformer impedances at the connection point, local generator unit 

capacity and impedances, etc. is entered into the one line diagram;  

2. Step 2: An equipment sizing study will not be performed as all cabling, transformer and generator 

are existing on-site. However, all switchboard components sizes will be checked based on the 

maximum demand load on the switchboards bus bars. The calculated maximum demand load, 

selected cable to carry the maximum demand load and selected circuit breakers' ratings will be 

checked against Clause 2.5.3 of AS3000:2007 to ensure compliance with Equation 2.1 as given 

below: 

 

3. Step 3: Load Flow and Voltage Drop calculations are carried out to comply with voltage drop 

requirements (normally 5% but up to 7%) of AS3000:2007 Clause 3.6.2 Exception 3.  

4. Step 4: Short Circuit Fault Current Studies for 3 phase (3Ph) and Single Phase to Ground (SLG) are 

calculated to: 

• 4.1- Determine the maximum short circuit fault currents on the switchboards (i.e. the worst case 

scenario when the STP 11kV Main Switchboard is connected to the Mains Power Supply 

Network via Overhead Line Feeder 12B with maximum short circuit fault currents contribution 

capacity on the 11kV supply and one of the new 1.2MW Cogeneration Units is running in parallel 

to the Grid in order to check the sizing of the existing HV and LV Switchgear at the site for the 

calculated Short Circuit Fault Current Withstand Rating (kA Rating of the switchboards).  

• 4.2 - Determine minimum short circuit fault currents (i.e. the lowest fault current scenario when 

the STP 11kV Main Switchboard is connected to the Mains Power Supply Network via 

Underground Feeder 12A with minimum fault currents contribution from the Network and both 

Cogeneration Units are off-line in order to set the protection devices to automatically 

disconnect the fault currents within the time limit given in Clause 1.5.5.3 of AS3000:2007 for LV 

Systems and Figure 10.1 of AS7000 for HV systems before the value of that current gets greater 

than the Shock Current given in Clause 1.5.5.3 of AS3000:2007. The text of this Clause is given 

below: 
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• 4.3 - Obtain the Earth Fault Loop-Impedances (Zs) for every switchboard and field equipment;  

5. Step 5: A Protection System Coordination study is carried out using the calculated minimum fault 

currents in Step 4.2 to plot time/current curves for protective devices in the switchboards. This will 

achieve coordination and discrimination of all protective devices. The short time pick-up current for 

each device (Ia) is determined (Ia),and having calculated the value of Zs in Step 4.3, the Touch 

Voltage (Uo) at the switchboards and field equipment is calculated to ensure compliance with 

Clause 5.7.4 of AS3000, which is given below: 

 

6. Step 6: The touch voltage calculated in Step 5, is used to determine the Maximum Duration of 

Prospective 50Hz Touch Voltage from Figure B4 of AS3000 for 415V LV systems and Figure 10.1 of 

AS7000 (for HV) which are shown below: 
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If the design meets AS3000:2007 & AS7000 requirements, then calculated protection device 

parameter settings will be compared with the existing settings and any necessary modifications will 

be made to settings of protection devices on-site.  

7. Step 7: An Arc Flash Evaluation Study is carried out to determine the category of Personal 

Protection Equipment (PPE) required for maintenance of the switchboards.    

Step 8: Recommendations will be made regarding any issues identified during the course of the power 

system analysis and protection coordination study. 

5 POWER SYSTEM TOPOLOGY 

The following pages indicate the overall power system topology for Luggage Point STP's 11kV and 3.3kV 

power distribution network with results of DAPPER studies for: 

• System Input Data as collected from the site; 

• System topology with load flow and voltage drop calculations; 

• System topology with maximum and minimum short circuit fault currents; 

(Note: due to large scale of the STP power distribution network the overall power system topology has been 

summarised on one sheet and then individual Substations, Switchboards and MCCs have been analysed in 

separate sections). 
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5.1 Plant HV System Single Line Diagram 
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5.2 LUGGAGE POINT STP POWER DISTRIBUTION TOPOLOGY (INPUT DATA) 

   

 

Figure 1 - Luggage Point STP - HV System One Line Diagram with Input Data 

(Running at 0.92 p.f.)

Luggage Point WWTP Power Flow (Existing Arrangement with one Energex 11kV Incomer on, one Generator on, three Blowers On and 11kV Ring Open at One end Feeder 41)

UTIL-OH FEEDER 12B
UTIL-UG FEEDER 12A

11kV Bus 1

11kV Incomer

(1) Size 240 mm2

Copper 3 Wire+Grnd

XLPE

150.0 Meters

Ampacity 555.0 A 11kV Main SWBD

11000.0 V

Feeder 11

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

T1 Prim.

S

T/Former No.1

Feeder 13

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

T2 Prim.

S

T/Former No.2

3.3kV Bus SEC B

3300.0 V

3.3kV Bus 2

3300.0 V

Bus Tie

Gen1 CBL

(1) Size 400 mm2

Copper 3 Wire+Grnd

PLC

30.0 Meters

Ampacity 305.0 A

3.3kV GEN1

2316 kVA

X"d 0.4 pu

Gen1 BUS

BLWR1 FDR

(1) Size 120 mm2

Copper 3 Wire+Grnd

PLC

37.0 Meters

Ampacity 150.0 A

Blower No.1

375.000 kW (Input)

Load Factor 1.00

X"d 0.17 pu

BLWR1 BUS BLWR2 FDR

(1) Size 120 mm2

Copper 3 Wire+Grnd

PLC

40.0 Meters

Ampacity 150.0 A

Blower No.2

450.000 kW (Input)

Load Factor 1.00

X"d 0.17 pu

BLWR2 BUS

Gen2 CBL

(1) Size 400 mm2

Copper 3 Wire+Grnd

PLC

30.0 Meters

Ampacity 305.0 A

3.3kV GEN2

2316 kVA

X"d 0.4 pu

Gen2 BUS

BLWR3 FDR

Blower No.3

425.000 kW (Input)

Load Factor 1.00

X"d 0.17 pu

BLWR3 BUS

BLWR4 FDR

Blower No.4

450.000 kW (Input)

Load Factor 1.00

X"d 0.17 pu

BLWR4 BUS

Feeder 10

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

210.0 Meters

Ampacity 110.0 A

S4-Gas Comp.

Feeder 44

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

XF2-0003

BUS-0014BUS-0015

415.0 V

Feeder 16

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

280.0 Meters

Ampacity 110.0 A

S6 DAF BLD.

Feeder 32

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

XF2-0004
Size 500.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.4100 %

X/R 2.9

BUS-0017

Feeder 33

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

210.0 Meters

Ampacity 110.0 A
S2 ADMIN.

Feeder 17
(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

XF2-0005

BUS-0020
BUS-0021

415.0 V

Feeder 40

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

45.0 Meters

Ampacity 110.0 A

S8-NIT RMVL

Feeder 39

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

XF2-0006

BUS-0023 BUS-0024

415.0 V

Feeder 18
(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

185.0 Meters

Ampacity 110.0 A

S3-RMU1
Feeder 19

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

1.0 Meters

Ampacity 110.0 A

S

XF2-0007

BUS-0027 SLUDGE LIFTER SWB

415.0 V

Feeder 30

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

450.0 Meters

Ampacity 110.0 A

S

XF2-0008

BUS-0030
BUS-0031

415.0 V

FDR 31

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

300.0 Meters

Ampacity 110.0 A

S11-BP RO PLNT

FDR 43

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

XF2-0011

BUS-0039

FDR 42
(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

XF2-0012

BUS-0040

RO SWBD

415.0 V

S9-NIT RMVL

FDR 41

FDR 38
(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

BUS-0043

S

XF2-0013

BUS-0044
415.0 V

S10-NIT RMVL

FDR 37

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

50.0 Meters

Ampacity 110.0 A

FDR 36
(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

BUS-0046

S

XF2-0014

BUS-0047

415.0 V

S7-RAS

FDR 35

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

70.0 Meters

Ampacity 110.0 A

FDR 34
(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

BUS-0049

S

XF2-0015

BUS-0050
415.0 V

S5-PRIM RMU1
FDR 21

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

310.0 Meters

Ampacity 110.0 A
FDR 22

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

BUS-0052

S

XF2-0016

BUS-0053

415.0 V

S5-PRIM RMU2

FDR 23

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

FDR 24

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

210.0 Meters

Ampacity 110.0 A

BUS-0055

S

XF2-0017

BUS-0056

415.0 V

Main Sub S1A

FDR 26

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

AUX T3

Size 750.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.5000 %

X/R 3.4

BUS-0058

Main Sub S1BFDR 27

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

AUX T4

Size 750.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.5000 %

X/R 3.4

BUS-0061

Main Sub S1C

FDR 28
(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

S

AUX T5

Size 750.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.5000 %

X/R 3.4

BUS-0064

FDR 25 (1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

150.0 Meters

Ampacity 110.0 A

Bus Tie A

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

1.0 Meters

Ampacity 110.0 A

Bus Tie B

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

1.0 Meters

Ampacity 110.0 A

FDR 14

(1) Size 95 mm2

Copper 3 Wire+Grnd

PLC

10.0 Meters

Ampacity 110.0 A

BLWR5 FDR

Blower No.5

425.000 kW (Input)

Load Factor 1.00

X"d 0.17 pu

BLWR5 BUS

CBL-0050

11kV Bus2

BUS-0142

415.0 V

BUS-0313

415.0 V

BUS-0319

415.0 V

BUS-0326

415.0 V
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5.3 LUGGAGE POINT STP POWER DISTRIBUTION TOPOLOGY (load flow and voltage drop results) 

 

Figure 2 - Luggage Point STP - One Line Diagram with Load Flow and Voltage Drop Data 

Luggage Point WWTP Power Flow (Existing Arrangement with one Energex 11kV Incomer on, one Generator on, three Blowers On and 11kV Ring Open at One end Feeder 41)

(Running at 0.92 p.f.)

UTIL-OH FEEDER 12B
UTIL-UG FEEDER 12A

11kV Bus 1

11kV Incomer

3586.5 kW

2708.4 kVAR

Percent VD 0.1 %

LF 244 A 11kV Main SWBD

11000.0 V

LF Voltage 10619.05 V

LF Voltage Angle -0.90 deg

LF kW 4488.47 kW

LF kVAR 3577.61 kVAR

Feeder 11

904.6 kW

871.9 kVAR

Percent VD 0.0 %

LF 68 AT1 Prim.

S

T/Former No.1

Feeder 13

426.3 kW

326.0 kVAR

Percent VD 0.0 %

LF 29 A

T2 Prim.

S

T/Former No.2

3.3kV Bus SEC B

3300.0 V

LF Voltage 3266.69 V

LF Voltage Angle 0.17 deg

LF kW 1736.07 kW

LF kVAR 1530.07 kVAR

3.3kV Bus 2

3300.0 V

LF Voltage 3154.77 V

LF Voltage Angle -1.44 deg

LF kW 425.16 kW

LF kVAR 318.81 kVAR

Bus Tie

Gen1 CBL

1736.1 kW

1530.1 kVAR

Percent VD 0.1 %

LF 409 A

3.3kV GEN1

1737.0 kW

1531.0 kVAR

Gen1 BUS

BLWR1 FDR

375.1 kW

281.3 kVAR

Percent VD 0.0 %

LF 83 A

Blower No.1

375.000 kW (Input)

BLWR1 BUS

BLWR2 FDR

450.2 kW

337.6 kVAR

Percent VD 0.0 %

LF 99 A

Blower No.2

450.000 kW (Input)

BLWR2 BUS Gen2 CBL

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

3.3kV GEN2

0.0 kVAR

Gen2 BUS

BLWR3 FDR

Blower No.3

425.000 kW (Input)

BLWR3 BUS

BLWR4 FDR

Blower No.4

450.000 kW (Input)

BLWR4 BUS

Feeder 10

2483.3 kW

2019.0 kVAR

Percent VD 0.1 %

LF 174 A

S4-Gas Comp.

Feeder 44

83.5 kW

63.2 kVAR

Percent VD 0.0 %

LF 6 A

S

XF2-0003

BUS-0014BUS-0015

415.0 V

LF Voltage 396.52 V

LF Voltage Angle -1.19 deg

LF kW 83.15 kW

LF kVAR 62.20 kVAR

Feeder 16

2395.2 kW

1954.2 kVAR

Percent VD 0.2 %

LF 168 A

S6 DAF BLD.

Feeder 32

S

XF2-0004
230.0 kW

173.3 kVAR

Percent VD 2.2 %

BUS-0017

Feeder 33

2159.6 kW

1779.0 kVAR

Percent VD 0.1 %

LF 153 A

S2 ADMIN.

Feeder 17
55.4 kW

41.8 kVAR

Percent VD 0.0 %

LF 4 A

S

XF2-0005

BUS-0020
BUS-0021

415.0 V

LF Voltage 396.60 V

LF Voltage Angle -1.01 deg

LF kW 55.20 kW

LF kVAR 41.40 kVAR

Feeder 40

2100.7 kW

1736.0 kVAR

Percent VD 0.0 %

LF 149 A

S8-NIT RMVL

Feeder 39

203.2 kW

157.5 kVAR

Percent VD 0.0 %

LF 14 A

S

XF2-0006

BUS-0023 BUS-0024

415.0 V

LF Voltage 384.76 V

LF Voltage Angle -2.00 deg

LF kW 199.19 kW

LF kVAR 147.76 kVAR

Feeder 18
1896.9 kW

1578.3 kVAR

Percent VD 0.1 %

LF 135 A

S3-RMU1
Feeder 19

33.6 kW

25.4 kVAR

Percent VD 0.0 %

LF 2 A

S

XF2-0007

BUS-0027 SLUDGE LIFTER SWB

415.0 V

LF Voltage 395.34 V

LF Voltage Angle -1.06 deg

LF kW 33.43 kW

LF kVAR 25.07 kVAR

Feeder 30

328.6 kW

260.8 kVAR

Percent VD 0.0 %

LF 23 A

S

XF2-0008

BUS-0030
BUS-0031

415.0 V

LF Voltage 374.19 V

LF Voltage Angle -2.62 deg

LF kW 316.38 kW

LF kVAR 234.90 kVAR

FDR 31

1532.3 kW

1291.3 kVAR

Percent VD 0.1 %

LF 110 A

S11-BP RO PLNT

FDR 43

1529.8 kW

1290.4 kVAR

Percent VD 0.0 %

LF 110 A

S

XF2-0011

BUS-0039

FDR 42
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

S

XF2-0012

BUS-0040

RO SWBD

415.0 V

LF Voltage 356.83 V

LF Voltage Angle -4.13 deg

LF kW 1437.76 kW

LF kVAR 1074.34 kVAR

S9-NIT RMVL

FDR 41

FDR 38
203.1 kW

157.4 kVAR

Percent VD 0.0 %

LF 14 A

BUS-0043

S

XF2-0013

BUS-0044
415.0 V

LF Voltage 386.34 V

LF Voltage Angle -2.08 deg

LF kW 199.17 kW

LF kVAR 147.76 kVAR

S10-NIT RMVL

FDR 37

203.1 kW

157.4 kVAR

Percent VD 0.0 %

LF 14 A

FDR 36
203.1 kW

157.4 kVAR

Percent VD 0.0 %

LF 14 A

BUS-0046

S

XF2-0014

BUS-0047

415.0 V

LF Voltage 386.36 V

LF Voltage Angle -2.08 deg

LF kW 199.17 kW

LF kVAR 147.76 kVAR

S7-RAS

FDR 35

406.3 kW

314.8 kVAR

Percent VD 0.0 %

LF 28 A

FDR 34
60.3 kW

45.8 kVAR

Percent VD 0.0 %

LF 4 A

BUS-0049

S

XF2-0015

BUS-0050
415.0 V

LF Voltage 396.64 V

LF Voltage Angle -1.24 deg

LF kW 60.04 kW

LF kVAR 45.03 kVAR

S5-PRIM RMU1
FDR 21

466.8 kW

360.7 kVAR

Percent VD 0.0 %

LF 32 A

FDR 22

56.0 kW

41.8 kVAR

Percent VD 0.0 %

LF 4 A

BUS-0052

S

XF2-0016

BUS-0053

415.0 V

LF Voltage 397.77 V

LF Voltage Angle -1.12 deg

LF kW 55.76 kW

LF kVAR 41.28 kVAR

S5-PRIM RMU2

FDR 23

522.8 kW

402.5 kVAR

Percent VD 0.0 %

LF 36 AFDR 24

173.3 kW

134.9 kVAR

Percent VD 0.0 %

LF 12 A

BUS-0055

S

XF2-0017

BUS-0056

415.0 V

LF Voltage 391.81 V

LF Voltage Angle -1.61 deg

LF kW 171.16 kW

LF kVAR 129.85 kVAR

Main Sub S1A

FDR 26

S

AUX T3

17.3 kW

13.0 kVAR

Percent VD 0.1 %

BUS-0058

Main Sub S1B

FDR 27

S

AUX T4

354.7 kW

277.2 kVAR

Percent VD 2.3 %

BUS-0061

Main Sub S1C

FDR 28

S

AUX T5

510.5 kW

405.0 kVAR

Percent VD 3.3 %

BUS-0064

FDR 25 696.3 kW

537.5 kVAR

Percent VD 0.0 %

LF 48 A

Bus Tie A

713.6 kW

550.4 kVAR

Percent VD 0.0 %

LF 49 A

Bus Tie B

1068.3 kW

827.7 kVAR

Percent VD 0.0 %

LF 73 A

FDR 14

1578.8 kW

1232.7 kVAR

Percent VD 0.0 %

LF 109 A

BLWR5 FDR

Blower No.5

425.000 kW (Input)

BLWR5 BUS

CBL-0050

11kV Bus2

BUS-0142

415.0 V

LF Voltage 390.30 V

LF Voltage Angle -1.72 deg

LF kW 227.44 kW

LF kVAR 165.88 kVAR

BUS-0313

415.0 V

LF Voltage 386.98 V

LF Voltage Angle -2.33 deg

LF kW 502.80 kW

LF kVAR 378.76 kVAR

BUS-0319

415.0 V

LF Voltage 391.21 V

LF Voltage Angle -1.88 deg

LF kW 351.01 kW

LF kVAR 264.73 kVAR

BUS-0326

415.0 V

LF Voltage 400.16 V

LF Voltage Angle -0.94 deg

LF kW 17.25 kW

LF kVAR 12.94 kVAR
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5.4 LUGGAGE POINT STP POWER DISTRIBUTION TOPOLOGY (short circuit fault levels study results) 

 

Figure 3- Luggage Point STP - One Line Diagram with Maximum Short Circuit Fault Levels  

 

Luggage Point WWTP Power Flow (Existing Arrangement with one Energex 11kV Incomer on, one Generator on, three Blowers On and 11kV Ring Open at One end Feeder 41)

(Running at 0.92 p.f.)

UTIL-OH FEEDER 12B
UTIL-UG FEEDER 12A

11kV Bus 1

11kV Incomer

Isc 3P 1474 A

Isc SLG 167 A

Isc 3P 6444 A

Isc SLG 1189 A 11kV Main SWBD

Isc 3P 7868 A

Isc SLG 1353 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 11

Isc 3P 499 A

Isc SLG 57 A

Isc 3P 7387 A

Isc SLG 1298 AT1 Prim.

S

T/Former No.1

Feeder 13

Isc 3P 153 A

Isc SLG 18 A

Isc 3P 7707 A

Isc SLG 1335 A

T2 Prim.

S

T/Former No.2

3.3kV Bus SEC B

Isc 3P 7887 A

Isc SLG 378 A

Init Fault Bus Voltage 3P 0.0 V

3.3kV Bus 2

Isc 3P 6368 A

Isc SLG 189 A

Init Fault Bus Voltage 3P 0.0 V

Bus Tie

Gen1 CBL

Isc 3P 1079 A

Isc SLG 97 A

Isc 3P 6769 A

Isc SLG 281 A

3.3kV GEN1

Isc 3P 1080 A

Isc SLG 97 A

Gen1 BUS

BLWR1 FDR

Isc 3P 482 A

Isc SLG 15 A

Isc 3P 7299 A

Isc SLG 362 A

Blower No.1

Isc 3P 482 A

Isc SLG 16 A

BLWR1 BUS

BLWR2 FDR

Isc 3P 578 A

Isc SLG 18 A

Isc 3P 7197 A

Isc SLG 359 A

Blower No.2

Isc 3P 579 A

Isc SLG 19 A

BLWR2 BUS Gen2 CBL

Isc 3P 6322 A

Isc SLG 189 A

3.3kV GEN2

Gen2 BUS

BLWR3 FDR

Blower No.3

Isc 3P 547 A

Isc SLG 11 A

BLWR3 BUS

BLWR4 FDR

Blower No.4

BLWR4 BUS

Feeder 10

Isc 3P 430 A

Isc SLG 49 A

Isc 3P 7131 A

Isc SLG 1286 A

S4-Gas Comp.

Isc 3P 7556 A

Isc SLG 1336 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 44

S

XF2-0003

BUS-0014BUS-0015

Isc 3P 18530 A

Isc SLG 13337 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 16

Isc 3P 297 A

Isc SLG 35 A

Isc 3P 6857 A

Isc SLG 1278 A

S6 DAF BLD.

Isc 3P 7150 A

Isc SLG 1313 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 32

S

XF2-0004
Isc 3P Pri 140 A

Isc SLG Pri 17 A

Isc 3P 14557 A

Isc SLG 11771 A

BUS-0017

Feeder 33

Isc 3P 163 A

Isc SLG 20 A

Isc 3P 6701 A

Isc SLG 1278 A

S2 ADMIN.

Isc 3P 6851 A

Isc SLG 1297 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 17
Isc 3P 6837 A

Isc SLG 1296 A

S

XF2-0005

BUS-0020
BUS-0021

Isc 3P 14270 A

Isc SLG 11886 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 40

Isc 3P 163 A

Isc SLG 21 A

Isc 3P 6639 A

Isc SLG 1274 A

S8-NIT RMVL
Isc 3P 6790 A

Isc SLG 1293 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 39

Isc 3P 31 A

Isc SLG 4 A

Isc 3P 6747 A

Isc SLG 1289 A

S

XF2-0006

BUS-0023 BUS-0024

Isc 3P 9913 A

Isc SLG 9092 A

Init Fault Bus Voltage 3P 0.0 V
Feeder 18

Isc 3P 132 A

Isc SLG 17 A

Isc 3P 6423 A

Isc SLG 1264 A

S3-RMU1

Isc 3P 6542 A

Isc SLG 1279 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 19

Isc 3P 12 A

Isc SLG 2 A

Isc 3P 6530 A

Isc SLG 1278 A

S

XF2-0007

BUS-0027 SLUDGE LIFTER SWB

Isc 3P 7020 A

Isc SLG 7001 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 30

Isc 3P 25 A

Isc SLG 3 A

Isc 3P 5960 A

Isc SLG 1242 A

S

XF2-0008

BUS-0030
BUS-0031

Isc 3P 9490 A

Isc SLG 8764 A

Init Fault Bus Voltage 3P 0.0 V
FDR 31

Isc 3P 96 A

Isc SLG 12 A

Isc 3P 6081 A

Isc SLG 1245 A

S11-BP RO PLNT

Isc 3P 6166 A

Isc SLG 1257 A

Init Fault Bus Voltage 3P 0.0 V

FDR 43

Isc 3P 96 A

Isc SLG 13 A

Isc 3P 6069 A

Isc SLG 1244 A

S

XF2-0011

BUS-0039

FDR 42
Isc 3P 6153 A

Isc SLG 1256 A

S

XF2-0012

BUS-0040

RO SWBD

Isc 3P 25008 A

Isc SLG 25330 A

Init Fault Bus Voltage 3P 0.0 V

S9-NIT RMVL

Isc 3P 6942 A

Isc SLG 1303 A

Init Fault Bus Voltage 3P 0.0 V

FDR 41

FDR 38
Isc 3P 31 A

Isc SLG 4 A

Isc 3P 6899 A

Isc SLG 1298 A

BUS-0043

S

XF2-0013

BUS-0044
Isc 3P 9922 A

Isc SLG 9097 A

Init Fault Bus Voltage 3P 0.0 V

S10-NIT RMVL
Isc 3P 7015 A

Isc SLG 1307 A

Init Fault Bus Voltage 3P 0.0 V

FDR 37

Isc 3P 31 A

Isc SLG 4 A

Isc 3P 6913 A

Isc SLG 1299 A

FDR 36
Isc 3P 31 A

Isc SLG 4 A

Isc 3P 6971 A

Isc SLG 1303 A

BUS-0046

S

XF2-0014

BUS-0047

Isc 3P 9926 A

Isc SLG 9099 A

Init Fault Bus Voltage 3P 0.0 V

S7-RAS

Isc 3P 7118 A

Isc SLG 1313 A

Init Fault Bus Voltage 3P 0.0 V

FDR 35

Isc 3P 62 A

Isc SLG 8 A

Isc 3P 6956 A

Isc SLG 1300 A

FDR 34
Isc 3P 1 A

Isc 3P 7102 A

Isc SLG 1312 A

BUS-0049

S

XF2-0015

BUS-0050
Isc 3P 9705 A

Isc SLG 9408 A

Init Fault Bus Voltage 3P 0.0 V

S5-PRIM RMU1

Isc 3P 7595 A

Isc SLG 1338 A

Init Fault Bus Voltage 3P 0.0 V

FDR 21

Isc 3P 64 A

Isc SLG 7 A

Isc 3P 7057 A

Isc SLG 1305 A

FDR 22

Isc 3P 69 A

Isc SLG 8 A

Isc 3P 7510 A

Isc SLG 1329 A

BUS-0052

S

XF2-0016

BUS-0053

Isc 3P 14450 A

Isc SLG 10820 A

Init Fault Bus Voltage 3P 0.0 V

S5-PRIM RMU2

Isc 3P 7611 A

Isc SLG 1339 A

Init Fault Bus Voltage 3P 0.0 V

FDR 23

Isc 3P 131 A

Isc SLG 15 A

Isc 3P 7465 A

Isc SLG 1323 AFDR 24

Isc 3P 24 A

Isc SLG 3 A

Isc 3P 7258 A

Isc SLG 1319 A

BUS-0055

S

XF2-0017

BUS-0056

Isc 3P 12960 A

Isc SLG 10233 A

Init Fault Bus Voltage 3P 0.0 V

Main Sub S1A

Isc 3P 7849 A

Isc SLG 1352 A

Init Fault Bus Voltage 3P 0.0 V

FDR 26

S

AUX T3

Isc 3P 20881 A

Isc SLG 18465 A

BUS-0058

Main Sub S1B

Isc 3P 7851 A

Isc SLG 1352 A

Init Fault Bus Voltage 3P 0.0 V
FDR 27

S

AUX T4

Isc 3P Pri 107 A

Isc SLG Pri 12 A

Isc 3P 20855 A

Isc SLG 18231 A

BUS-0061

Main Sub S1C

Isc 3P 7852 A

Isc SLG 1352 A

Init Fault Bus Voltage 3P 0.0 V

FDR 28

S

AUX T5

Isc 3P Pri 145 A

Isc SLG Pri 17 A

Isc 3P 20846 A

Isc SLG 18142 A

BUS-0064

FDR 25 Isc 3P 155 A

Isc SLG 18 A

Isc 3P 7458 A

Isc SLG 1321 A

Bus Tie A

Isc 3P 155 A

Isc SLG 18 A

Isc 3P 7696 A

Isc SLG 1334 A

Bus Tie B

Isc 3P 261 A

Isc SLG 30 A

Isc 3P 7595 A

Isc SLG 1322 A

FDR 14

Isc 3P 7457 A

Isc SLG 1306 A

Isc 3P 406 A

Isc SLG 47 A

BLWR5 FDR

Blower No.5

BLWR5 BUS

CBL-0050

11kV Bus2

BUS-0142

Isc 3P 19245 A

Isc SLG 14061 A

Init Fault Bus Voltage 3P 0.0 V

BUS-0313

Isc 3P 25419 A

Isc SLG 20616 A

Init Fault Bus Voltage 3P 0.0 V

BUS-0319

Isc 3P 24037 A

Isc SLG 19996 A

Init Fault Bus Voltage 3P 0.0 V

BUS-0326

Isc 3P 20881 A

Isc SLG 18465 A

Init Fault Bus Voltage 3P 0.0 V
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Figure 4 - Luggage Point STP - One Line Diagram with Minimum Short Circuit Fault Levels

(Running at 0.92 p.f.)

Luggage Point WWTP Power Flow (Existing Arrangement with one Energex 11kV Incomer on, one Generator on, three Blowers On and 11kV Ring Open at One end Feeder 41)

UTIL-OH FEEDER 12B UTIL-UG FEEDER 12A

11kV Bus 1

11kV Incomer
Isc 3P 5271 A

Isc SLG 1269 A

11kV Main SWBD

Isc 3P 5360 A

Isc SLG 1274 A
Init Fault Bus Voltage 3P 0.0 V

Feeder 11

Isc 3P 278 A

Isc SLG 44 A

Isc 3P 5095 A
Isc SLG 1233 AT1 Prim.

S

T/Former No.1

Feeder 13

Isc 3P 410 A

Isc SLG 65 A
Isc 3P 4974 A

Isc SLG 1214 A

T2 Prim.

S

T/Former No.2

3.3kV Bus SEC B

Isc 3P 6295 A

Isc SLG 95 A
Init Fault Bus Voltage 3P 0.0 V

3.3kV Bus 2

Isc 3P 6871 A
Isc SLG 95 A

Init Fault Bus Voltage 3P 0.0 V

Bus Tie

Gen1 CBL

Isc 3P 6249 A

Isc SLG 95 A

3.3kV GEN1

Gen1 BUS

BLWR1 FDR

Isc 3P 482 A

Isc SLG 5 A

Isc 3P 5745 A
Isc SLG 90 A

Blower No.1

Isc 3P 482 A
Isc SLG 5 A

BLWR1 BUS

BLWR2 FDR

Isc 3P 578 A

Isc SLG 6 A

Isc 3P 5646 A
Isc SLG 89 A

Blower No.2

Isc 3P 579 A
Isc SLG 6 A

BLWR2 BUS Gen2 CBL

Isc 3P 6817 A

Isc SLG 95 A

3.3kV GEN2

Gen2 BUS

BLWR3 FDR

Blower No.3

Isc 3P 547 A
Isc SLG 5 A

BLWR3 BUS

BLWR4 FDR

Blower No.4

Isc 3P 579 A

Isc SLG 5 A

BLWR4 BUS

Feeder 10

Isc 3P 430 A

Isc SLG 68 A
Isc 3P 4792 A

Isc SLG 1192 A

S4-Gas Comp.

Isc 3P 5215 A
Isc SLG 1260 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 44

S

XF2-0003

BUS-0014 BUS-0015

Isc 3P 18095 A

Isc SLG 13184 A
Init Fault Bus Voltage 3P 0.0 V

Feeder 16

Isc 3P 297 A

Isc SLG 48 A

Isc 3P 4729 A
Isc SLG 1192 A

S6 DAF BLD.

Isc 3P 5021 A

Isc SLG 1241 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 32

S

XF2-0004
Isc 3P Pri 140 A

Isc SLG Pri 23 A

Isc 3P 14086 A
Isc SLG 11572 A

BUS-0017

Feeder 33

Isc 3P 163 A

Isc SLG 27 A

Isc 3P 4723 A
Isc SLG 1201 A

S2 ADMIN.

Isc 3P 4874 A
Isc SLG 1226 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 17
Isc 3P 4866 A
Isc SLG 1225 A

S

XF2-0005

BUS-0020
BUS-0021

Isc 3P 13836 A

Isc SLG 11682 A
Init Fault Bus Voltage 3P 0.0 V

Feeder 40

Isc 3P 163 A

Isc SLG 27 A

Isc 3P 4692 A
Isc SLG 1198 A

S8-NIT RMVL
Isc 3P 4843 A

Isc SLG 1223 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 39

Isc 3P 31 A

Isc SLG 5 A

Isc 3P 4806 A
Isc SLG 1217 A

S

XF2-0006

BUS-0023 BUS-0024

Isc 3P 9735 A

Isc SLG 8991 A
Init Fault Bus Voltage 3P 0.0 V

Feeder 18
Isc 3P 132 A

Isc SLG 22 A
Isc 3P 4597 A

Isc SLG 1190 A

S3-RMU1

Isc 3P 4718 A
Isc SLG 1210 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 19

Isc 3P 12 A

Isc SLG 2 A

Isc 3P 4706 A
Isc SLG 1209 A

S

XF2-0007

BUS-0027 SLUDGE LIFTER SWB

Isc 3P 6923 A

Isc SLG 6937 A
Init Fault Bus Voltage 3P 0.0 V

Feeder 30

Isc 3P 25 A

Isc SLG 4 A

Isc 3P 4401 A
Isc SLG 1176 A

S

XF2-0008

BUS-0030
BUS-0031

Isc 3P 9320 A

Isc SLG 8667 A
Init Fault Bus Voltage 3P 0.0 V

FDR 31

Isc 3P 96 A

Isc SLG 16 A

Isc 3P 4437 A

Isc SLG 1175 A

S11-BP RO PLNT

Isc 3P 4522 A

Isc SLG 1190 A

Init Fault Bus Voltage 3P 0.0 V

FDR 43

Isc 3P 96 A

Isc SLG 17 A

Isc 3P 4431 A
Isc SLG 1175 A

S

XF2-0011

BUS-0039

FDR 42
Isc 3P 4516 A

Isc SLG 1190 A

S

XF2-0012

BUS-0040

RO SWBD

Isc 3P 23920 A
Isc SLG 24584 A

Init Fault Bus Voltage 3P 0.0 V

S9-NIT RMVL

Isc 3P 4909 A

Isc SLG 1231 A

Init Fault Bus Voltage 3P 0.0 V

FDR 41

FDR 38
Isc 3P 31 A

Isc SLG 5 A
Isc 3P 4873 A

Isc SLG 1225 A

BUS-0043

S

XF2-0013

BUS-0044
Isc 3P 9743 A
Isc SLG 8996 A

Init Fault Bus Voltage 3P 0.0 V

S10-NIT RMVL

Isc 3P 4945 A

Isc SLG 1234 A
Init Fault Bus Voltage 3P 0.0 V

FDR 37

Isc 3P 31 A
Isc SLG 5 A

Isc 3P 4880 A

Isc SLG 1226 A

FDR 36
Isc 3P 31 A

Isc SLG 5 A
Isc 3P 4909 A

Isc SLG 1229 A

BUS-0046

S

XF2-0014

BUS-0047

Isc 3P 9746 A
Isc SLG 8998 A

Init Fault Bus Voltage 3P 0.0 V

S7-RAS

Isc 3P 4996 A

Isc SLG 1239 A
Init Fault Bus Voltage 3P 0.0 V

FDR 35

Isc 3P 62 A

Isc SLG 10 A
Isc 3P 4887 A

Isc SLG 1225 A

FDR 34
Isc 3P 1 A

Isc 3P 4988 A

Isc SLG 1238 A

BUS-0049

S

XF2-0015

BUS-0050
Isc 3P 9504 A
Isc SLG 9282 A

Init Fault Bus Voltage 3P 0.0 V

S5-PRIM RMU1

Isc 3P 5230 A
Isc SLG 1262 A

Init Fault Bus Voltage 3P 0.0 V

FDR 21

Isc 3P 64 A

Isc SLG 10 A

Isc 3P 4936 A
Isc SLG 1229 A

FDR 22

Isc 3P 69 A
Isc SLG 11 A

Isc 3P 5154 A

Isc SLG 1250 A

BUS-0052

S

XF2-0016

BUS-0053

Isc 3P 14115 A

Isc SLG 10693 A
Init Fault Bus Voltage 3P 0.0 V

S5-PRIM RMU2

Isc 3P 5237 A
Isc SLG 1263 A

Init Fault Bus Voltage 3P 0.0 V

FDR 23

Isc 3P 131 A

Isc SLG 21 A

Isc 3P 5101 A

Isc SLG 1241 A

FDR 24

Isc 3P 24 A
Isc SLG 4 A

Isc 3P 5054 A

Isc SLG 1243 A

BUS-0055

S

XF2-0017

BUS-0056

Isc 3P 12629 A

Isc SLG 10094 A
Init Fault Bus Voltage 3P 0.0 V

Main Sub S1A

Isc 3P 5352 A

Isc SLG 1274 A

Init Fault Bus Voltage 3P 0.0 V

FDR 26

S

AUX T3

Isc 3P 19973 A

Isc SLG 17991 A

BUS-0058

Main Sub S1B

Isc 3P 5352 A
Isc SLG 1274 A

Init Fault Bus Voltage 3P 0.0 V
FDR 27

S

AUX T4

Isc 3P Pri 107 A
Isc SLG Pri 17 A

Isc 3P 19923 A

Isc SLG 17768 A

BUS-0061

Main Sub S1C

Isc 3P 5353 A
Isc SLG 1274 A
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5.5 Summary of Power System Analysis Results of Luggage Point STP  

Figures on the previous section provide the following system characteristics that will be used in this report for 

carrying out the studies: 

• Max Demand - Maximum demand load of the Luggage Point STP as shown on Figure 2 on the previous pages 

are summarised in the following table: 

Table 1 - Maximum Demand Loads of Luggage Point STP 

Switchboard or MCC Maximum Demand Load 

(MW) 

3.3kV Switchboard with three blowers running 1.25 

Substation S1 and its 415V Main Auxiliaries Switchboards 0.8711 

Substation S5 and its 415V Primary Treatment Area Switchboards 0.2277 

Substation S7 and its 415V RAS Switchboards 0.0601 

Substation S10 and its 415V Nitrogen Removal Switchboard1 0.2002 

Substation S9 and its 415V Nitrogen Removal Switchboard2 0.2002 

Substation S11 and its 415V RO Switchboards 1.445 

Substation S3 and its 415V Sludge Dewatering Switchboard 0.3542 

Substation S8 and its 415V Nitrogen Removal Switchboard 3 0.2002 

Substation S2 and its 415V Admin Building Switchboard 0.0552 

Substation S6 and its 415V DAF Building Switchboards 0.2274 

Substation S4 and its 415V Gas Compressor Switchboards 0.0832 

Total on the 11kV Main Switchboard 5.322 

The above maximum demand loads are for worst case scenario. It includes all losses on the system but does not 

include any standby loads. 

• Short Circuit Fault Currents: Maximum 3 phase short circuit fault currents and Single Phase to Ground (SLG) 

short circuit fault currents on the Main Switchboards and MCCs are shown on Figures 3 on previous pages 

which are summarised in the following table:  

•  

Table 2 - Summary of Short Circuit Fault Currents 

Switchboard or MCC Maximum Short Circuit Fault Currents (kA) 

11kV Main Switchboard 
• Maximum 3 phase fault level on the 11kV Main SWBD is 

7.868kA, 

• 1 phase to ground fault level is 1.353kA; 

3.3kV Main Switchboard 
• Maximum 3 phase fault level on the 3.3kV Main SWBD 

is 7.887kA, 

• 1 phase to ground fault level is 378A; 

Substation S1 and its 415V Main 
• 3 phase fault level on the 11kV Substation S1 is: 
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Auxiliaries Switchboards 7.457kA; 

• 1 phase to ground fault level on the 11kV Substation S1 

is: 1.306kA; 

• 3 phase fault level on the Blowers Aux. SWBD is: 

19.558kA; 

• 1 phase to ground fault level on the Blowers Aux. SWBD 

is: 17.016kA; 

• 3 phase fault level on the Engines Aux. SWBD is: 

22.732kA; 

• 1 phase to ground fault level on the Engines Aux. SWBD 

is: 18.496kA; 

• 3 phase fault level on the Digesters Aux. SWBD is: 

24.145kA; 

• 1 phase to ground fault level on the Digesters Aux. 

SWBD is: 19.1006kA; 

Substation S5 and its 415V Primary 

Treatment Area Switchboards 
• 3 phase fault level on the 11kV Substation S5 is: 

7.611kA; 

• 1 phase to ground fault level on the 11kV Substation S5 

is: 1.339kA; 

• 3 phase fault level on the Power Distribution Board Bus 

-0056 is: 12.960kA; 

• 1 phase to ground fault level on the Power Distribution 

Board Bus -0056 is: 10.233kA; 

• 3 phase fault level on the Power Distribution Board Bus 

-0053 is: 14.450kA; 

• 1 phase to ground fault level on the Power Distribution 

Board Bus -0053 is: 10.820kA; 

• 3 phase fault level on the Primary Sed. Tanks Stage 1 is: 

9.067kA; 

• 1 phase to ground fault level on the Primary Sed. Tanks 

Stage 1 is: 6.890kA; 

• 3 phase fault level on the Primary Sed. Tanks Stage 2 is: 

7.572kA; 

• 1 phase to ground fault level on the Primary Sed. Tanks 

Stage 2 is: 5.321kA; 

• 3 phase fault level on the Gallery Aeration DB is: 

5.676kA; 

• 1 phase to ground fault level on the Gallery Aeration DB 

is: 4.091kA; 

• 3 phase fault level on the Raw sewage Screens New 

Switchboard 1 is: 11.541kA; 

• 1 phase to ground fault level on the Raw sewage 

Screens New Switchboard 1 is: 9.066kA; 

• 3 phase fault level on the Raw sewage Screens New 

Switchboard 2 is: 12.664kA; 

• 1 phase to ground fault level on the Raw sewage 
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Screens New Switchboard 2 is: 9.510kA; 

Substation S7 and its 415V RAS 

Switchboards 
• 3 phase fault level on the 11kV Substation S7 is: 

7.118kA; 

• 1 phase to ground fault level on the 11kV Substation S7 

is: 1.313kA; 

• 3 phase fault level on the RAS SWBD is: 9.705kA; 

• 1 phase to ground fault level on the RAS SWBD is: 

9.408kA; 

Substation S10 and its 415V 

Nitrogen Removal Switchboard1 
• 3 phase fault level on the 11kV Substation S10 is: 

7.015kA; 

• 1 phase to ground fault level on the 11kV Substation 

S10 is: 1.307kA; 

• 3 phase fault level on the Nitrogen Removal SWBD1 is: 

9.926kA; 

• 1 phase to ground fault level on the Nitrogen Removal 

SWBD1 is: 9.009kA; 

Substation S9 and its 415V 

Nitrogen Removal Switchboard2 
• 3 phase fault level on the 11kV Substation S9 is: 

6.942kA; 

• 1 phase to ground fault level on the 11kV Substation S9 

is: 1.303kA; 

• 3 phase fault level on the Nitrogen Removal SWBD2 is: 

9.922kA; 

• 1 phase to ground fault level on the Nitrogen Removal 

SWBD2 is: 9.097kA; 

Substation S11 and its 415V RO 

Switchboards 
• 3 phase fault level on the 11kV Substation S11 is: 

6.154kA; 

• 1 phase to ground fault level on the 11kV Substation 

S11 is: 1.256kA; 

• 3 phase fault level on the RO SWBD is: 25.003kA; 

• 1 phase to ground fault level on the RO SWBD is: 

25.327kA; 

Substation S3 and its 415V Sludge 

Dewatering Switchboard 
• 3 phase fault level on the 11kV Substation S3 is: 

6.542kA; 

• 1 phase to ground fault level on the 11kV Substation S3 

is: 1.279kA; 

• 3 phase fault level on the Sludge Lifter SWBD is: 

7.020kA; 

• 1 phase to ground fault level on the Sludge Lifter SWBD 

is: 7.001kA; 

• 3 phase fault level on the Sludge Dewatering SWBD is: 

9.489kA; 

• 1 phase to ground fault level on the Sludge Dewatering  
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SWBD is: 8.764kA; 

Substation S8 and its 415V 

Nitrogen Removal Switchboard 3 
• 3 phase fault level on the 11kV Substation S8 is: 

6.790kA; 

• 1 phase to ground fault level on the 11kV Substation S8 

is: 1.293kA; 

• 3 phase fault level on the Nitrogen Removal SWBD3 is: 

9.913kA; 

• 1 phase to ground fault level on the Nitrogen Removal 

SWBD2 is: 9.092kA; 

Substation S2 and its 415V Admin 

Building Switchboard 
• 3 phase fault level on the 11kV Substation S2 is: 

6.851kA; 

• 1 phase to ground fault level on the 11kV Substation S2 

is: 1.297kA; 

• 3 phase fault level on the Admin Building SWBD is: 

14.270kA; 

• 1 phase to ground fault level on the Admin Building 

SWBD is: 11.886kA; 

Substation S6 and its 415V DAF 

Building Switchboards 
• 3 phase fault level on the 11kV Substation S6 is: 

7.150kA; 

• 1 phase to ground fault level on the 11kV Substation S6 

is: 1.1313kA; 

• 3 phase fault level on the DAF AREA DB SWBD is: 

18.849kA; 

• 1 phase to ground fault level on the DAF AREA DB 

SWBD is: 13.588kA; 

• 3 phase fault level on the DAF 1&2 SWBD is: 18.093kA; 

• 1 phase to ground fault level on the DAF 1&2 SWBD is: 

12.987kA; 

• 3 phase fault level on the DAF 3&4 SWBD is: 15.203kA; 

• 1 phase to ground fault level on the DAF 3&4 SWBD is: 

10.170kA; 

• 3 phase fault level on the Future RAS SWBD is: 

13.150kA; 

• 1 phase to ground fault level on the Future RAS SWBD 

is: 9.517kA; 

• 3 phase fault level on the Old RAS SWBD is: 7.306kA; 

• 1 phase to ground fault level on the Old RAS SWBD is: 

5.746kA; 

• 3 phase fault level on the Methanol Dosing MCC is: 

7.306kA; 

• 1 phase to ground fault level on the Methanol Dosing 

MCC is: 5.746kA; 

Substation S4 and its 415V Gas 
• 3 phase fault level on the 11kV Substation S4 is: 
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Compressor Switchboards 7.556kA; 

• 1 phase to ground fault level on the 11kV Substation S4 

is: 1.336kA; 

• 3 phase fault level on the Gas Compressors Power 

SWBD is: 18.530kA; 

• 1 phase to ground fault level on the Gas Compressors 

Power SWBD is: 13.337kA; 

• 3 phase fault level on the Gas Compressors L&P DB is: 

16.402kA; 

• 1 phase to ground fault level on the Gas Compressors 

L&P DB is: 11.891kA; 

• 3 phase fault level on the Gas Compressors MCC is: 

18.223kA; 

• 1 phase to ground fault level on the Gas Compressors 

MCC is: 13.008kA; 

 

The above given short circuit fault currents should be used to specify the short circuit fault current withstand rating 

of the new switchboards with adequate contingency factor of at least 50% for single transformer substations and 

100% for double transformer substations.  

The above calculated short circuit fault currents includes one of the Energex 11kV Incomer (Overhead line), one of 

the new Cogeneration Units and does not consider any parallel operation of the transformers in any substation.  
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6 LUGGAGE POINT STP – 11KV & 3.3KV HV SWITCHBOARDS POWER SYSTEM ANALYSIS 

Power supply to the STP from the Energex 11kV Overhead Line and Underground Feeders connects to the 11kV Main 

Switchboard's Incomers 12B and 12A Panels respectively with only one feeder being on line (i.e. Underground 

Feeder 12A) and the second feeder being as a backup (i.e. Overhead Line Feeder 12B). The Underground Feeder 12A 

is the normal source of power supply with Overhead Line Feeder 12B being the standby supply.   

There is an 11kV HV Ring Cable across the plant that connects to the 11kV Switchboard via Feeder 10 & Feeder 14 as 

shown on the previous one line diagrams.  

Summary of the 11kV and 3.3kV Switchboards power system analysis data and results are as follows: 

11kV Switchboard: 

• Max Demand - Maximum demand load of the STP with one of the new engines running and three of the 

3.3kV blowers running is: 

2.8444MW (244A) on the 11kV Main Feeder; 

1.2MW (409A @ 3.3kV) on the new Engine 

 Making maximum demand load of the entire STP: 4.0444MW  

• Voltage Drop: there is no issue with voltage drop on the 11kV or 3.3kV system across the plant as all of the 

calculated values are below 5% maximum allowed by AS3000.  

• Fault Levels on the 11kV Switchboard:  

Maximum 3 phase fault level on the 11kV Main SWBD is 7.868kA, 

Maximum 1 phase to ground fault level is 1.353kA; 

Minimum 3 phase fault level on the 11kV Main SWBD is 5.252kA, 

Minimum 1 phase to ground fault level is 1.271kA; 

3.3kV Switchboard: 

• Max Demand - Maximum demand load on the 3.3kV Switchboard when three blowers are running is:  

1.25MW (296A) @ 3.3kV)   

• Voltage Drop: there is no issue with voltage drop on the 3.3kV system.  

• Fault Levels on the 3.3kV Switchboard (Note: no paralleling of transformers allowed)  

Maximum 3 phase fault level on the 3.3kV Main SWBD is 7.887kA, 

Maximum 1 phase to ground fault level is 378A; 

Minimum 3 phase fault level on the 3.3kV Main SWBD is 6.264kA, 

Minimum 1 phase to ground fault level is 95A; 

Shown on the following pages are the 11kV and 3.3kV Switchboards one line diagrams with Input Data, Load Flow 

and Short Circuit Fault Currents.  
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Figure 5 – 11kV & 3.3kV Switchboards –One Line Diagram with Input Data 
  

(Running at 0.92 p.f.)

LUGGAGE POINT STP - 11kV AND 3.3kV SWITCHBOARDS ONE LINE DIAGRAM

UTIL-OH FEEDER 12B
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11kV Bus 1

11kV Incomer

(1) Size 240 mm2

Copper 3 Wire+Grnd

XLPE

150.0 Meters

Ampacity 505.1 A

11kV Main SWBD

11000.0 V

Feeder 11

(1) Size 95 mm2

Copper 3 Wire

XLS3

10.0 Meters

Ampacity 245.0 AT1 Prim.

S

T/Former No.1

Feeder 13

(1) Size 95 mm2

Copper 3 Wire

XLS3

10.0 Meters

Ampacity 245.0 A

T2 Prim.

S

T/Former No.2

3.3kV Bus SEC B
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Figure 6 – 11kV & 3.3kV Switchboards –One Line Diagram with Load Flow and Voltage Drop 

  

Luggage Point WWTP Power Flow (Existing Arrangement with one Generator on, three Blowers On and 11kV Ring Open at One end Feeder 41)

(Running at 0.92 p.f.)
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Figure 7 - 11kV & 3.3kV Switchboards –One Line Diagram with Minimum Short Circuit Fault Currents 

 

(Running at 0.92 p.f.)

LUGGAGE POINT STP - 11kV AND 3.3kV SWITCHBOARDS ONE LINE DIAGRAM
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6.1 11kV MAIN SWITCHBOARD POWER SYSTEM ANALYSIS  

Figures on the previous pages provide the following system characteristics for the Luggage Point STP 11kV Main 

Switchboard that will be used in this report for carrying out the protection coordination studies: 

• Fault Levels on the 11kV Switchboard:  

Minimum 3 phase fault level on the 11kV Main SWBD is 5.159kA, 

Minimum 1 phase to ground fault level is 1.267kA; 

As shown on the one-line diagrams on the previous pages, the 11kV Switchboard incorporates 9 off 11 HV Panels 

fitted with GE Multilin multi-function protection relays as listed below: 

• Spare Panels No. 1 and 9 are fitted with Multilin SR735 Feeder Protection Relays for future use; 

• Feeder Panels No.2 and 8 each of them is supplying one end of the 11kV Ring Cable at Substation S4 and 

Substation S1 respectively which are fitted with Multilin SR735 Feeder Protection Relays; 

• Feeder Panels No.3 and 7 each of them is supplying one of the 11kV/3.3kV, 3MVA transformers T1 and T2 

respectively which are fitted with Multilin SR750 Feeder Protection and Multilin SR745 for transformer 

protection Relays; 

• 11kV Mains Incomer Panels No.4 and 6 each of them is Energex 11kV Mains Power Supply which are fitted 

with Multilin SR750 Feeder Protection Relays; Panel 4 is labelled for the underground incomer 12A and Panel 

6 is allocated for overhead line Feeder 12B. 

• Bus-Tie Panel No.5 is fitted with a Multilin SR750;  

The protection coordination procedure for this 11kV Main Switchboard will be carried out as follows: 

• All protection relays settings will be carried out for the minimum short circuit and earth fault currents which 

is under Feeder 12A supply (with the lowest Energex Grid fault contribution) and both of the Cogen Units are 

off-line; 

• Each 11kV Feeder’s protection relay will be coordinated with its downstream protection devices and will 

remain unchanged.  The calculated maximum demand load on each feeder cable (Ib), selected cable’s 

continuous current carrying capacity (Iz) to carry the maximum demand load and selected circuit breaker’s 

protection relay setting (In) will be checked against Clause 2.5.3 of AS3000:2007 to ensure compliance with 

Equation 2.1 for overload protection of cables. 

• After determining the protection device settings for all 11kV feeders, the Incomer HV CB settings will be 

selected to provide overcurrent protection for the main incomer 11kV cable and to discriminate with all of 

its downstream feeder HVCB protection relays. The calculated maximum demand load on the cable (Ib), 

selected cable’s continuous current carrying capacity (Iz) to carry the maximum demand load and selected 

circuit breaker’s protection setting (In) will be checked against Clause 2.5.3 of AS3000:2007 to ensure 

compliance with Equation 2.1.  

• Discrimination between the largest Feeder HV CB and the Incomer HV CB will be provided to establish 

correct setting for the Incomer CB against the largest feeder settings; 

• Discrimination between the Incomer HV CB and Energex Myrtletown Substation Feeder HVCB protection 

relays will be provided to ensure discrimination with upstream protection devices; and, 

• Then the rest of smaller HV CBs will be plotted on Time Current Curves (TCCs) to ensure all HV CBs are fully 

discriminated with the incomer HV CB.  

• The settings for one HVCB will be applied to both of the HV Feeders 12A and 12B. 

The following sections provide detailed power system analysis for each feeder of the 11kV system at the plant.  
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6.1.1 Protection Study – Feeder Panels No.2 and 8 Supplying 11kV Ring Cable  

The existing 11kV Ring Cable under normal operation is fed from two 11kV Feeder Panels as follows: 

• 11kV Feeder Panel 2 on the 11kV Switchboard is supplying power via an 11kV, 95mm² 3C cable labelled as  

"Feeder 14" to Substation S1C; 

•  11kV Feeder Panel 8 on the 11kV Switchboard is supplying power via an 11kV, 95mm² 3C cable labelled as 

"Feeder 10" to Substation S4; 

• Under normal operations, the 11kV Ring Cable is open at Feeder 41 which is between Substation S9 and S11 

to divide the loads between two feeders: Feeder 14 and Feeder 10 .  

• As shown on the following One Line Diagrams on the next pages, when Feeder 41 is closed and Feeder 10 is 

isolated for whatever reason, the entire loads on the 11kV Ring is fed from one end of the Ring. The 

maximum demand load in this case on the Feeder 14 is 4,113.0kW (314A). The maximum current carrying 

capacity of the 95mm² cable on the 11kV Ring is 245A which will be overloaded under this condition and 

some load shedding must be applied if any of the Feeders 14 or 10 are failed or isolated; 

• As shown on the following One Line Diagrams, when Feeder 41 is open, the maximum demand load on 

Feeder 14 is 1,586.6kW (119A) and on Feeder 10 is 2,518.3kW (193A). Under normal operation protocol both 

of the Feeders 14 & 10 are lightly loaded with some spare capacity and there is no issue with load 

distribution on the Ring.   

For the purpose of load flow and protection coordination it is necessary to assume that the 11kV Ring Cable is 

running under its normal operation protocol with Feeder 41 in open position and that is the scenario will be used in 

this report. 

Shown on the following One Line Diagrams are the 11kV Ring with Input Data, Load Flow and Short Circuit Fault 

Currents. 
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Figure 8 - 11kV Ring One Line Diagram with Input Data 

Luggage Point WWTP Power Flow (11kV RING Open at One end Feeder 41)
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Figure 9 - 11kV Ring One Line Diagram with Load Flow Data Via One Feeder Only (i.e. Feeder 41 Closed) 

Luggage Point WWTP Power Flow (11kV RING Open at One end Feeder 41)
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Figure 10 - 11kV Ring One Line Diagram with Load Flow Data Via Two Feeders (i.e. Feeder 41 Open) 

 

Luggage Point WWTP Power Flow (11kV RING Open at One end Feeder 41)
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Figure 11: 11kV Ring One Line Diagram with Minimum Fault Currents  

Luggage Point WWTP Power Flow (11kV RING Open at One end Feeder 41)
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6.1.1.1 Overcurrent Protection Study  for Feeder Panels No.2 and 8 Supplying 11kV Ring Cable 

The following criteria will be used to carry out protection coordination study for the 11kV Ring Cable: 

•  Feeder Panel 2 on the 11kV Switchboard is fitted with a Multilin SR735 Multifunction Feeder Protection 

Relay, it will be coordinated with the largest fuses on the downstream substations which is 100A fuses on the 

Substation S1; 

• 11kV Feeder Panel 2 on the 11kV Switchboard will also be coordinated with protection relays type Schneider 

VIP fitted at Substation 11; 

• Out of the above settings for Feeder Panel 2, the largest settings will be chosen as the recommended 

settings for this Multilin SR735 Multifunction Feeder Protection Relay; 

• After determining the settings for Feeder Panel 2 on the 11kV Switchboard, the same settings will be 

recommended for the Feeder Panel 8 Multilin SR735 Relay; 

• Time Current Curves for smaller size fuses will also be plotted to ensure proper coordination is achieved with 

the upstream multifunction relays.  

The following list is a summary of protection devices on the 11kV Ring:  

•  11kV Feeder Panels 2 and 8 on the 11kV Switchboard are fitted with a Multilin SR735 Multifunction Feeder 

Protection Relay; 

• Substations S1C, S1B and S1A Ring Main Units (RMUs) are fitted with 100A HV Fuses; 

• Substations S5, S10, S9, S2, S6 and S4 RMUs are fitted with 50A HV Fuses; 

• Substation S8 RMU is fitted with 40A HV Fuses; 

• Substation S3 RMU is fitted with 25A and 16A HV Fuses; 

• Substation S11 RMU is fitted with Schneider VIP Protection Relays; 

Shown on the following TCC is the protection coordination of Feeder Panel 2 Multifunction Relay with the largest 

100A HV Fuses on the Substations S1A, S1B & S1C RMU: 
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Figure 12 - 11kV Feeder 14 with Existing Settings & Largest 100A Fuse OC - TCC 

• The above TCC with existing settings of 0.9XCT (360A), Moderate Inverse 1.1 Curve does not provide 

overload protection for the 95mm² cable with a maximum current carrying capacity of 245A and it does not 

meet the requirement of Clause 2.5.3 of AS3000 for overload protection of the cable (i.e. 

Ib=119A≤In=360A≤Iz=245). A new setting is required for this relay to comply with this Clause.  

Shown on the following diagram is the TCC with the new recommended settings for the 11kV Feeder 14:  
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Figure 13 - 11kV Feeder 14 with New Settings & Largest 100A Fuse OC - TCC 

The above TCC with new settings of 0.7XCT (280A), Normal Inverse 1.1 Curve provides overload protection for the 

95mm² cable with a maximum current carrying capacity of 245A and it meets the requirement of Clause 2.5.3 of 

AS3000 for overload protection of the cable (i.e. Ib=119A≤In=280A≤Iz=245). Although it is slightly higher than the 

maximum current carrying capacity of the cable but it is well below the cable damage curve and would provide 

adequate overload protection for the cable.    

Shown on the following TCC is the protection coordination of the Feeder 14 Multifunction relay with the 

downstream Schneider VIP300 Protection Relay at Substation 11 for overcurrent protection: 
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Figure 14 - 11kV Feeder 14 with New Settings & VIP Relay for OC - TCC 

 

• The above TCC with new settings of 2xCT=200 , Standard Inverse (SI) 0.2 Curve and Instantaneous Pick Up of 

20xCT=2000A provides discrimination with the upstream Feeder 14 protection relay and also provides 

overload protection for its 11kV Feeder 43 as the maximum demand load on this Feeder is 123A, its 

maximum current carrying capacity is 245A and the relay long time pick up setting is set at 200A, therefore: 

Ib=123A≤In=200A≤Iz=245. No issue is found on the protection setting of this relay.  

• Shown on the following TCCs are protection coordination of all smaller size HV fuses with the upstream 

Feeder 14 protection relay SR735.  
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Figure 15 - 11kV Switchboard Feeder 14 and 11kV Ring Smaller Fuses OC Settings 

As shown on the above TCC, all smaller size fuses are coordinated with the upstream Feeder 14 protection relay. 

The above settings determined for Feeder 14- SR735 Protection Relay will be applied to Feeder 10 - SR735 relay as 

well. 

6.1.1.2 Earth Fault Protection Study for Feeder Panels No.2 and 8 Supplying 11kV Ring Cable 

The following criteria will be used to carry out earth fault protection coordination for the 11kV Ring Cable: 

• 11kV Feeder Panels 2 and 8 on the 11kV Switchboard are fitted with a Multilin SR735 Multifunction Feeder 

Protection Relay for earth fault protection; 

• Fuses installed on Substations S1C, S1B, S1A, S5, S10, S9, S2, S6, S4, S8, and S3 provides over current 

protection and earth fault protection on the load side of the 11kV Ring Main Units and line side should be 

protected by the upstream Feeder 14 & Feeder 10 Protection Relays; 

• Substation S11 is fitted Schneider VIP Protection Relays for load side protection of the RMU and line side 

must be protected by the upstream Feeder 14 Protection Relay; 

• The criteria for earth fault protection on the 11kV Ring is to calculate the highest earth fault loop impedance 

on the 11kV Ring and then determine the earth fault pickup current (Ia) that Feeder 14 Protection Relay 

must clear to comply with the touch voltage requirements of AS7000.   

Shown on the following One Line Diagram are the Earth Fault Loop Impedances on each RMU of the 11kV Ring: 

280 A

0.5 1 10 100 1K 10K 100K
0.01

0.10

1

10

100

1000

CURRENT IN AMPERES

tcc29.tcc   Ref. Voltage: 11000V   Current in Amps x 1   

T
IM

E
 IN

 S
E

C
O

N
D

S

MULTILIN  
SR735/737 Feeder Relay  
SR735  
Settings Phase
   Pickup(Lo) 70 % (280A)  
   NORM INV 1.1; 2 (S;M)  
   INST 8.0 (3200A)  

FDR 14 - SR735 (OC)

KEARNEY  
K Fuse Links  
16K  
Trip 16.0 A
Settings Phase
   16.0 Amps   

SF04-16A GEC   11KV  
KEMXO -OIL  
KEMXO  
Trip 50.0 A
Settings Phase
   Opening Clearing Curve   

FDR24-50A

KEARNEY  
K Fuse Links  
25K  
Trip 25.0 A
Settings Phase
   25.0 Amps   

FDR30-25A

KEARNEY  
K Fuse Links  
40K  
Trip 40.0 A
Settings Phase
   40.0 Amps   

FDR39-40A

MULTILIN  
SR735/737 Feeder Relay  
SR735  
Settings Phase
   Pickup(Lo) 70 % (280A)  
   NORM INV 1.1; 2 (S;M)  
   INST 8.0 (3200A)  

FDR 14 - SR735 (OC)

KEARNEY  
K Fuse Links  
16K  
Trip 16.0 A
Settings Phase
   16.0 Amps   

SF04-16A GEC   11KV  
KEMXO -OIL  
KEMXO  
Trip 50.0 A
Settings Phase
   Opening Clearing Curve   

FDR24-50A

KEARNEY  
K Fuse Links  
25K  
Trip 25.0 A
Settings Phase
   25.0 Amps   

FDR30-25A

KEARNEY  
K Fuse Links  
40K  
Trip 40.0 A
Settings Phase
   40.0 Amps   

FDR39-40A



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 70 of 372 

 

Figure 16 - 11kV Ring With Earth Fault Loop Impedances

Luggage Point WWTP Power Flow (11kV RING Open at One end Feeder 41)
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As shown on the previous page Figure, the highest earth fault loop impedance on the 11kV Ring fed from Feeder 14 

is at Substation S9 which is 11.62 Per Unit (pu) on 100MVA base. In order to calculate the Ohmic value of Zs the 

following Per Unit Calculation Formula will be used: 

 

 

 

 

 

Having calculated Zs = 14.06Ω. The maximum touch voltage of HV Urban Distribution (UD) as shown on Figure 10.1 

of AS7000 is 5000A in 0.1 second. In order to comply with AS7000 Figure 10.1 with the calculated earth fault loop 

impedance of 14.06, the earth fault clearing current must be less than: 5000/14.06=355A.  

Shown on the following TCC is the earth fault setting of Feeder 14 SR735:  

 

Figure 17 - 11kV Ring EF Protection With Existing Setting on Feeder 14 - TCC 
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Zb =1.21Ώ 

Actual Impedance Zs = Per Unit Impedance X Base Impedance 

Zs= 11.62x1.21 

Zs = 14.06Ώ (Earth Fault Loop Impedance on the S9 RMU)  
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As shown on the above TCC, the existing settings on Feeder 14 - SR735 Earth Fault Protection does not discriminate 

with the Main 11kV Energex Incomer which is set at 42A and for any earth fault on the 11kV Ring, the Main Incomer 

will trip before the Feeder 14 - SR735 Relay trips. This does not meet the reliability requirements of AS3000 Clause 

2.5.7. The short time and long time pick up setting of this relay must be less than the Incomer SR750 settings in order 

to discriminate. The following TCC shows new recommended new settings for Feeder 14 - SR735 Earth Fault 

protection: 

 

Figure 18 - 11kV Ring EF Protection With New Settings on Feeder 14 
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Ring at the worst location will be:  i.e. 14.06x160=2,250 Volts which trips in 0.1 second, the trip 

time for a 2,250 Volts on Figure 10.1  of AS7000:2010 is 0.7 second. Therefore the above given settings, meets touch 

potential requirements of Clause 5.7.4 of AS7000:2010. 

6.1.2 Protection Device Setting Parameters for 11kV Ring Cable 

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in previous 

sections of this report: 
 Project Name:      Luggage Point STP 

----------------------------------------------------------------------------------------- 

 Device Name:     FDR26-100A                                TCC Name:         tcc27.tcc 

 Bus Name:        Main Sub S1C                              Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    GEC   11KV 

 Description:     TRANS/DIST 

 Type:            KEMXO -OIL                                                    

 AIC Rating:      40kA                                      Fault Duty:       5310.6A 

 Cartridge:       KEMXO 11000V 100A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR 14                                    TCC Name:         tcc27.tcc 

 Bus Name:        Main Sub S1C                              Bus Voltage:      11000.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           1 

 Size:            95 

 Material:        Copper                                    Cont. Temp:       90 deg C. 

 Total Ampacity:  245.0                                     Damage Temp:      250 deg C. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR 14 - SR735 (OC)                       TCC Name:         tcc27.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR735/737 Feeder Relay                    Class Desc:       SR735 

 AIC Rating:      N/A                                       Fault Duty:       5318.9A 

 Current Rating:  400A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) Pickup(Lo)             70 %         (280A)     Test Points: @2.0X, 3.884s 

          2) NORM INV               1.1         2  (NEW SETTINGS)        @5.0X, 0.895s 

          3) INST                   8.0          (3200A)                 @10.0X, 0.497s 

 

----------------------------------------------------------------------------------------- 

 Device Name:     FDR 14 - SR735 (EF)                       TCC Name:         tcc30.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     GF, 5A CT Sec 

 Type:            SR735/737 Feeder Relay                    Class Desc:       SR735 

 AIC Rating:      N/A                                       Fault Duty:       1273.0A 

 Current Rating:  400A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) Pickup(Lo)             15 %         (60A)      Test Points: @2.0X, 0.379s 

          2) MOD INV                0.5         1                        @5.0X, 0.166s 

          3) INST                   0.4          (160A)                  @10.0X, 0.123s 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR 10 - SR735 (OC)                       TCC Name:         tcc27.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR735/737 Feeder Relay                    Class Desc:       SR735 

 AIC Rating:      N/A                                       Fault Duty:       5318.9A 

 Current Rating:  400A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) Pickup(Lo)             70 %         (280A)     Test Points: @2.0X, 3.884s 

          2) NORM INV               1.1         2  (NEW SETTINGS)        @5.0X, 0.895s 

          3) INST                   8.0          (3200A)                 @10.0X, 0.497s 
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----------------------------------------------------------------------------------------- 

 Device Name:     FDR 10 - SR735 (EF)                       TCC Name:         tcc30.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     GF, 5A CT Sec 

 Type:            SR735/737 Feeder Relay                    Class Desc:       SR735 

 AIC Rating:      N/A                                       Fault Duty:       1273.0A 

 Current Rating:  400A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) Pickup(Lo)             15 %         (60A)      Test Points: @2.0X, 0.379s 

          2) MOD INV                0.5         1                        @5.0X, 0.166s 

          3) INST                   0.4          (160A)                  @10.0X, 0.123s 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR43- VIP OC                             TCC Name:         tcc28.tcc 

 Bus Name:        S11-BP RO PLNT                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    SCHNEIDER 

 Description:     1A 

 Type:            VIP 300                                   Class Desc:       200/1 

 AIC Rating:      N/A                                       Fault Duty:       4383.5A 

 Current Rating:  100A / 1A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) Ios (100/1)            2            (200A)     Test Points: @2.0X, 0.676s 

          2) t> (SI)                0.2                                  @5.0X, 0.288s 

          3) Is (200/1) x2          20           (2000A)                 @10.0X, 0.200s 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR 43                                    TCC Name:         tcc28.tcc 

 Bus Name:        S11-BP RO PLNT                            Bus Voltage:      11000.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           1 

 Size:            95 

 Material:        Copper                                    Cont. Temp:       90 deg C. 

 Total Ampacity:  245.0                                     Damage Temp:      250 deg C. 

 ----------------------------------------------------------------------------------------- 

 

6.1.3 Arc Flash Evaluation of 11kV Ring Cable and Substations RMUs  

The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the 11kV Ring Cable 

and all RMUs on this Ring:    
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Figure 19 - 11kV Ring and Substations RMUs Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 11kV Ring is level 0 at the 11kV Ring RMUs. The following labels are recommended to be shown on the RMUs front door for PPE Requirements: 
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Figure 20 - 11kV Main Switchboard Arc Flash Label 

 

Figure 21 - 11kV Substation S1A Arc Flash Label 
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Figure 22 - 11kV Substation S1B Arc Flash Label 

 

Figure 23 - 11kV Substation S1C Arc Flash Label 
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Figure 24 - 11kV Substation S2 Arc Flash Label 

 

Figure 25 - 11kV Substation S3 Arc Flash Label 
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Figure 26 - 11kV Substation S4 Arc Flash Label 

 

Figure 27 - 11kV Substation S5 RMU1 Arc Flash Label 
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Figure 28 - 11kV Substation S5 RMU2 Arc Flash Label 

 

Figure 29 - 11kV Substation S7 RMU Arc Flash Label 
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Figure 30 - 11kV Substation S8 RMU Arc Flash Label 

 

Figure 31 - 11kV Substation S9 RMU Arc Flash Label 
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Figure 32 - 11kV Substation S10 RMU Arc Flash Label 
 

Figure 33 - 11kV Substation S11 RMU Arc Flash Label 
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6.1.4 Protection Study – Feeder Panels No.3 and 7 Supplying 11kV/3.3kV 3MVA Main Transformers  

The worst case scenario for 3.3kV switchboard that provide the lowest fault levels is when: 

• One of the transformers is offline; 

• The 3.3kV Switchboard Bus-tie is closed; 

• Cogeneration plant is off line;  

• Four blowers are running via one transformer; 

The worst case scenario is shown on the following pages for load flow and short circuit fault currents that will be 

used for protection setting of the 11kV Feeder Panels 3 and 7 Protection Relays to T1 Feeder 11  & T2 Feeder 13.  
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Figure 34 - 11kV/3.3kV T1 & T2 Feeders Load Flow  Data 

  

Luggage Point WWTP Power Flow (One 3.3kV T1 supplying entire 3.3kV Switchboard) and Cogen Off

(Running at 0.92 p.f.)

UTIL-OH FEEDER 12B

0.0 kW

0.0 kVAR

ubLF PQ

   AB: 0.00 kW, 0.00 kVar

   BC: 0.00 kW, 0.00 kVar

   CA: 0.00 kW, 0.00 kVar

UTIL-UG FEEDER 12A

6103.3 kW

5013.1 kVAR

ubLF PQ

   A: 2034.45 kW, 1671.02 kVar

   B: 2034.45 kW, 1671.02 kVar

   C: 2034.45 kW, 1671.02 kVar

11kV Bus 1

11kV Incomer

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

11kV Main SWBD

11000.0 V

LF Voltage 9739.18 V

LF Voltage Angle -1.96 deg

LF kW 6093.89 kW

LF kVAR 5003.17 kVAR

Feeder 11

1987.7 kW

1665.9 kVAR

Percent VD 0.0 %

LF 154 A
T1 Prim.

S

T/Former No.1

Feeder 13

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

T2 Prim.

S

T/Former No.2

3.3kV Bus SEC B

3300.0 V

LF Voltage 2754.57 V

LF Voltage Angle -5.06 deg

LF kW 1956.35 kW

LF kVAR 1466.72 kVAR

3.3kV Bus SEC A

3300.0 V

LF Voltage 2754.55 V

LF Voltage Angle -5.06 deg

LF kW 875.45 kW

LF kVAR 656.41 kVAR

Bus Tie

Gen1 CBL
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

3.3kV GEN1

0.0 kVAR

Gen1 BUS

BLWR1 FDR

630.6 kW

472.7 kVAR

Percent VD 0.1 %

LF 165 A

Blower No.1 630kW

630 kW (Input)

BLWR1 BUS

BLWR2 FDR

450.3 kW

337.6 kVAR

Percent VD 0.0 %

LF 118 A

Blower No.2

450 kW (Input)

BLWR2 BUS

Gen2 CBL

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

3.3kV GEN2

0.0 kVAR

Gen2 BUS

BLWR3 FDR

425.2 kW

318.8 kVAR

Percent VD 0.0 %

LF 111 A

Blower No.3

425 kW (Input)

BLWR3 BUS

BLWR4 FDR

450.2 kW

337.6 kVAR

Percent VD 0.0 %

LF 118 A

Blower No.4

450 kW (Input)

BLWR4 BUS

BLWR5 FDR

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

Blower No.5

425 kW (Input)

BLWR5 BUS

CBL-0050

6103.3 kW

5013.1 kVAR

Percent VD 0.2 %

LF 467 A

11kV Bus2

T1-BUS SEC A FEEDER
1957.6 kW

1467.9 kVAR

Percent VD 0.1 %

LF 512 A

BUS-0140

T2-BUS SEC B
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

BUS-0141

Feeder 10

2519.2 kW

2088.2 kVAR

Percent VD 0.2 %

LF 194 A

FDR 14

1586.9 kW

1249.0 kVAR

Percent VD 0.0 %

LF 120 A

S4-Gas Comp.

11000.0 V

LF Voltage 9720.86 V

LF Voltage Angle -1.93 deg

LF kW 2513.37 kW

LF kVAR 2085.62 kVAR

Main Sub S1C

11000.0 V

LF Voltage 9738.64 V

LF Voltage Angle -1.96 deg

LF kW 1586.86 kW

LF kVAR 1248.97 kVAR

FDR 12A - SR750 (OC - FWD)

FDR 12A - SR750 (OC - REVS)

FDR 12A - SR750 (EF - FWD)

FDR 12A - SR750 (EF - REVS)

FDR 12B - SR750 (OC - FWD)

FDR 12B - SR750 (OC - REVS)

FDR 12B - SR750 (EF - FWD)

FDR 12B - SR750 (EF - REVS)

FDR 11 - T1 SR750 (EF)

FDR 11 - T1 SR750 (OC)

FDR 13 - T2 SR750 (EF)

FDR 13 - T2 SR750 (OC)FDR 14 - SR735 (OC)

FDR 14 - SR735 (EF)

FDR 10 - SR735 (OC)

FDR 10 - SR735 (EF)

GEN1- SR760 (OC)

GEN1 -SR760 (EF)

GEN2- SR760 (OC)

GEN2 -SR760 (EF)

3.3KV - TR1 SR750 (OC)

3.3KV - TR1 SR750 (EF)
3.3KV - TR2 SR750 (OC)

3.3KV - TR2 SR750 (EF)

BL5 - SR735 (OC)

BL5 - SR735 (EF)

BL4 - SR735 (OC)

BL4- SR735 (EF)

BL1 - SR469 (OC)

BL1 - SR469 (EF)

BL2 - SR469 (OC)

BL2 - SR469 (EF)

BL3 - SR469 (OC)

BL3 - SR469 (EF)
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Figure 35 - 11kV/3.3kV  T1 & T2 Feeders Short Circuit Fault Currents Data 

Luggage Point WWTP Power Flow (One 3.3kV T1 supplying entire 3.3kV Switchboard) and Cogen Off

(Running at 0.92 p.f.)

UTIL-OH FEEDER 12B
UTIL-UG FEEDER 12A

Isc 3P 3977 A

Isc SLG 1062 A
11kV Bus 1

11kV Incomer

Isc 3P 5160 A

Isc SLG 1265 A

11kV Main SWBD

Isc 3P 5245 A
Isc SLG 1270 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 11

Isc 3P 564 A
Isc SLG 91 A

Isc 3P 4719 A

Isc SLG 1185 A
T1 Prim.

S

T/Former No.1

Feeder 13

Isc 3P 5238 A
Isc SLG 1269 A

T2 Prim.

S

T/Former No.2

3.3kV Bus SEC B

Isc 3P 7622 A

Isc SLG 1142 A

Init Fault Bus Voltage 3P 0.0 V
3.3kV Bus SEC A

Isc 3P 7621 A

Isc SLG 1142 A

Init Fault Bus Voltage 3P 0.0 V

Bus Tie

Gen1 CBL
Isc 3P 7555 A

Isc SLG 1140 A

3.3kV GEN1

Gen1 BUS

BLWR1 FDR

Isc 3P 809 A
Isc SLG 81 A

Isc 3P 6721 A

Isc SLG 1056 A

Blower No.1 630kW

Isc 3P 810 A

Isc SLG 82 A

BLWR1 BUS

BLWR2 FDR

Isc 3P 578 A
Isc SLG 58 A

Isc 3P 6936 A

Isc SLG 1078 A

Blower No.2

Isc 3P 579 A

Isc SLG 58 A

BLWR2 BUS

Gen2 CBL

Isc 3P 7554 A
Isc SLG 1140 A

3.3kV GEN2

Gen2 BUS

BLWR3 FDR

Isc 3P 546 A
Isc SLG 55 A

Isc 3P 6994 A

Isc SLG 1083 A

Blower No.3

Isc 3P 547 A

Isc SLG 55 A

BLWR3 BUS

BLWR4 FDR

Isc 3P 578 A
Isc SLG 58 A

Isc 3P 6963 A

Isc SLG 1080 A

Blower No.4

Isc 3P 579 A

Isc SLG 58 A

BLWR4 BUS

BLWR5 FDR

Isc 3P 7492 A
Isc SLG 1135 A

Blower No.5

BLWR5 BUS

CBL-0050

Isc 3P 1389 A
Isc SLG 223 A

Isc 3P 3926 A

Isc SLG 1056 A

11kV Bus2

T1-BUS SEC A FEEDER
Isc 3P 2507 A

Isc SLG 250 A

Isc 3P 5136 A
Isc SLG 893 A

BUS-0140

T2-BUS SEC B
Isc 3P 7577 A

Isc SLG 1141 A

BUS-0141

Feeder 10

Isc 3P 430 A

Isc SLG 69 A
Isc 3P 4661 A

Isc SLG 1180 A

FDR 14

Isc 3P 4848 A

Isc SLG 1206 A
Isc 3P 406 A

Isc SLG 66 A

S4-Gas Comp.

Isc 3P 5083 A

Isc SLG 1249 A

Init Fault Bus Voltage 3P 0.0 V

Main Sub S1C

Isc 3P 5237 A

Isc SLG 1269 A

Init Fault Bus Voltage 3P 0.0 V

FDR 12A - SR750 (OC - FWD)

FDR 12A - SR750 (OC - REVS)

FDR 12A - SR750 (EF - FWD)

FDR 12A - SR750 (EF - REVS)

FDR 12B - SR750 (OC - FWD)

FDR 12B - SR750 (OC - REVS)

FDR 12B - SR750 (EF - FWD)

FDR 12B - SR750 (EF - REVS)

FDR 11 - T1 SR750 (EF)

FDR 11 - T1 SR750 (OC)

FDR 13 - T2 SR750 (EF)

FDR 13 - T2 SR750 (OC)FDR 14 - SR735 (OC)

FDR 14 - SR735 (EF)

FDR 10 - SR735 (OC)

FDR 10 - SR735 (EF)

GEN1- SR760 (OC)

GEN1 -SR760 (EF)

GEN2- SR760 (OC)

GEN2 -SR760 (EF)

3.3KV - TR1 SR750 (OC)

3.3KV - TR1 SR750 (EF)
3.3KV - TR2 SR750 (OC)

3.3KV - TR2 SR750 (EF)

BL5 - SR735 (OC)

BL5 - SR735 (EF)

BL4 - SR735 (OC)

BL4- SR735 (EF)

BL1 - SR469 (OC)

BL1 - SR469 (EF)

BL2 - SR469 (OC)

BL2 - SR469 (EF)

BL3 - SR469 (OC)

BL3 - SR469 (EF)
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6.1.4.1 Time Current Curves of 11kV and 3.3kV Feeders to Main Transformers T1 &T2  

Shown on the following diagram is the Time Current Curves (TCC) for the major protection devices that provide 

protection to the: 3MVA Transformers T1 and T2 Feeders when each section of the 3.3kV switchboard is fed from its 

dedicated transformer:     

 

Figure 36: 11kV and 3.3kV Feeders to T1&T2 with Recommended Settings TCC  

 

TX Inrush

Thermal
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T
IM

E
 IN

 S
E
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T/Former No.1

Feeder 11

T1-BUS SEC A FEEDER

MULTILIN  
SR750/760 Feeder Relay  
SR750  
Settings Phase
   OC Pickup 1 (200A)  
   IEC Curve A 0.7  
   Inst OC Pickup 6 (1200A)  
   Inst OC Delay 0.01  

FDR 11 - T1 SR750 (OC)

MULTILIN  
SR750/760 Feeder Relay  
SR760  
Settings Phase
   OC Pickup 0.9 (540A)  
   IEC Curve A 0.3  
   Inst OC Pickup 5 (3000A)  
   Inst OC Delay 0.01  

3.3KV - TR1 SR750 (OC)

T/Former No.1

Feeder 11

T1-BUS SEC A FEEDER

MULTILIN  
SR750/760 Feeder Relay  
SR750  
Settings Phase
   OC Pickup 1 (200A)  
   IEC Curve A 0.7  
   Inst OC Pickup 6 (1200A)  
   Inst OC Delay 0.01  

FDR 11 - T1 SR750 (OC)

MULTILIN  
SR750/760 Feeder Relay  
SR760  
Settings Phase
   OC Pickup 0.9 (540A)  
   IEC Curve A 0.3  
   Inst OC Pickup 5 (3000A)  
   Inst OC Delay 0.01  

3.3KV - TR1 SR750 (OC)
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As shown on the above TCC diagram the following settings have been applied:  

• Transformers T1 and T2 11kV Feeders 11 &13 Cable of 95mm² 3C+E with a current carrying capacity of 245A 

and the 3MVA Transformers T1 and T2 with a name plate rating of 157A (on the 11kV side) are protected by 

a SR750 Overcurrent Relay set at 200A. The demand load on T1 for the worst case scenario as shown on 

Figure 21 is 154A. Therefore compliance with Clause 2.5.3 of AS3000 is verified as: 

Ib=154A≤In=200A≤Iz=245A. The OC setting of the 11kV relay is suitable for overload protection of the 11kV 

cable but slightly higher than the name plate rating of the 3MVA transformer. The existing setting on this 

relay is set at 1.2xCT ratio which is sitting at 220A that does not provide overload protection for the 

transformer. Therefore, it is recommended to adapt the new settings for both T1 and T2 11kV Overcurrent 

Protection relay settings. 

• Transformers T1 and T2 3.3kV Feeder Cable of 400mm² 3C+E with a current carrying capacity of 570A and 

3MVA Transformers T1 and T2 with a name plate rating of 524A (on the 3.3kV side) are protected by a SR750 

Overcurrent Relay set at 540A. The demand load on T1 for the worst case scenario as shown on Figure 12 is 

512A. Therefore compliance with Clause 2.5.3 of AS3000 is verified as: Ib=512A≤In=540A≤Iz=570A. The 

protection relay settings provides overload protection for the transformer and 3.3kV cable. The existing 

settings does not meet this requirements and should be changed to new settings.    

Shown on the following diagram is the Time Current Curves (TCC) for the Ground Fault Protection of 11kV and 3.3kV 

feeders of T1 & T2:  
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Figure 37 - 11kV & 3.3kV T1 & T2 Feeders EF TCC 

6.1.5 Protection Device Setting Parameters for T1 & T2 Protection Relays 

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in previous 

sections of this report: 
 Project Name:      LUGGAGE POINT STP 

 TCC Name:          tcc19.tcc 

 Reference Voltage: 3300 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     T1-BUS SEC A FEEDER                       TCC Name:         tcc19.tcc 

 Bus Name:        BUS-0140                                  Bus Voltage:      3300.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           1 

 Size:            400 

 Material:        Copper                                    Cont. Temp:       70 deg C. 

 Total Ampacity:  570.0                                     Damage Temp:      160 deg C. 

42 A
40 A

1274 A

30 A

190 A

40 A

0.5 1 10 100 1K 10K
0.01

0.10

1

10

100

1000

CURRENT IN AMPERES

tcc26.tcc   Ref. Voltage: 11000V   Current in Amps x 1   

T
IM

E
 IN

 S
E
C

O
N

D
S

MULTILIN  
SR750/760 Feeder Relay  
SR760  
Settings Phase
   OC Pickup 0.07 (42A)  
   IEC Curve A 0.27  
   Inst OC Pickup 0.3 (180A)  
   Inst OC Delay 0.01  

FDR 12A - SR750 (EF - FWD)

MULTILIN  
SR750/760 Feeder Relay  
SR750  
Settings Phase
   OC Pickup 0.2 (40A)  
   IEC Curve C 0.02  
   Inst OC Pickup 0.8 (160A)  
   Inst OC Delay 0.01  

FDR 11 - T1 SR750 (EF)

MULTILIN  
SR750/760 Feeder Relay  
SR750  
Settings Phase
   OC Pickup 0.05 (30A)  
   IEC Curve C 0.01  
   Inst OC Pickup 0.1 (60A)  
   Inst OC Delay 0.01  

3.3KV - TR1 SR750 (EF)

MULTILIN  
SR750/760 Feeder Relay  
SR760  
Settings Phase
   OC Pickup 0.1 (40A)  
   IEC Curve C 0.1  
   Inst OC Pickup 0.4 (160A)  
   Inst OC Delay 0.01  

GEN1 -SR760 (EF)

MULTILIN  
SR750/760 Feeder Relay  
SR760  
Settings Phase
   OC Pickup 0.07 (42A)  
   IEC Curve A 0.27  
   Inst OC Pickup 0.3 (180A)  
   Inst OC Delay 0.01  

FDR 12A - SR750 (EF - FWD)

MULTILIN  
SR750/760 Feeder Relay  
SR750  
Settings Phase
   OC Pickup 0.2 (40A)  
   IEC Curve C 0.02  
   Inst OC Pickup 0.8 (160A)  
   Inst OC Delay 0.01  

FDR 11 - T1 SR750 (EF)

MULTILIN  
SR750/760 Feeder Relay  
SR750  
Settings Phase
   OC Pickup 0.05 (30A)  
   IEC Curve C 0.01  
   Inst OC Pickup 0.1 (60A)  
   Inst OC Delay 0.01  

3.3KV - TR1 SR750 (EF)

MULTILIN  
SR750/760 Feeder Relay  
SR760  
Settings Phase
   OC Pickup 0.1 (40A)  
   IEC Curve C 0.1  
   Inst OC Pickup 0.4 (160A)  
   Inst OC Delay 0.01  

GEN1 -SR760 (EF)



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 89 of 372 

 ----------------------------------------------------------------------------------------- 

 Device Name:     T/Former No.1                             TCC Name:         tcc19.tcc 

 Bus Name:        T1 Prim.                                  Bus Voltage:      11000.0V / 3300V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     2-Winding Transformer Damage Curve        Rated Volts:      11000 LL/3300 LL 

 Nominal kVA:     3000.0kVA                                 Pri Connection:   Delta 

 Full Load kVA:   3000.0kVA                                 Sec Connection:   Wye-Ground 

 Impedance (%Z):  7.0000                                    Inrush Factor:    12.0x 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Feeder 11                                 TCC Name:         tcc19.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           1 

 Size:            95 

 Material:        Copper                                    Cont. Temp:       90 deg C. 

 Total Ampacity:  245.0                                     Damage Temp:      250 deg C. 

 

----------------------------------------------------------------------------------------- 

 Device Name:     FDR 11 - T1 SR750 (OC)                    TCC Name:         tcc19.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR750 

 AIC Rating:      N/A                                       Fault Duty:       5245.3A 

 Current Rating:  200A / 1A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              1             (200A)    Test Points: @2.0X, 7.020s 

          2) IEC Curve A            0.7                                  @5.0X, 2.996s 

          3) Inst OC Pickup         6             (1200A)                @10.0X, 2.079s 

          4) Inst OC Delay          0.01         (seconds) 

(NEW SETTINGS) 

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR 11 - T1 SR750 (EF)                    TCC Name:         tcc26.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR750 

 AIC Rating:      N/A                                       Fault Duty:       1273.6A 

 Current Rating:  200A / 1A                                 Curve Multiplier: 3.3333 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.2           (40A)     Test Points: @2.0X, 0.533s 

          2) IEC Curve C            0.02                                 @5.0X, 0.067s 

          3) Inst OC Pickup         0.8           (160A)                 @10.0X, 0.016s 

          4) Inst OC Delay          0.01         (seconds) 

----------------------------------------------------------------------------------------- 

 Device Name:     FDR 13 - T2 SR750 (OC)                    TCC Name:         tcc19.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR750 

 AIC Rating:      N/A                                       Fault Duty:       5245.3A 

 Current Rating:  200A / 1A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              1             (200A)    Test Points: @2.0X, 7.020s 

          2) IEC Curve A            0.7                                  @5.0X, 2.996s 

          3) Inst OC Pickup         6             (1200A)                @10.0X, 2.079s 

          4) Inst OC Delay          0.01         (seconds) 

(NEW SETTINGS) 

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR 13 - T2 SR750 (EF)                    TCC Name:         tcc26.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR750 

 AIC Rating:      N/A                                       Fault Duty:       1273.6A 

 Current Rating:  200A / 1A                                 Curve Multiplier: 3.3333 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.2           (40A)     Test Points: @2.0X, 0.533s 

          2) IEC Curve C            0.02                                 @5.0X, 0.067s 

          3) Inst OC Pickup         0.8           (160A)                 @10.0X, 0.016s 

          4) Inst OC Delay          0.01         (seconds) 
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----------------------------------------------------------------------------------------- 

 Device Name:     3.3KV - TR1 SR750 (OC)                    TCC Name:         tcc19.tcc 

 Bus Name:        3.3kV Bus SEC B                           Bus Voltage:      3300.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR760 

 AIC Rating:      N/A                                       Fault Duty:       7621.7A 

 Current Rating:  600A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.9           (540A)    Test Points: @2.0X, 3.009s 

          2) IEC Curve A            0.3                                  @5.0X, 1.284s 

          3) Inst OC Pickup         5             (3000A)                @10.0X, 0.891s 

          4) Inst OC Delay          0.01         (seconds) 

  

(NEW SETTINGS) 

----------------------------------------------------------------------------------------- 

 Device Name:     3.3KV - TR1 SR750 (EF)                    TCC Name:         tcc26.tcc 

 Bus Name:        3.3kV Bus SEC B                           Bus Voltage:      3300.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR750 

 AIC Rating:      N/A                                       Fault Duty:       189.6A 

 Current Rating:  600A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.05         (30A)      Test Points: @2.0X, 0.267s 

          2) IEC Curve C            0.01                                 @5.0X, 0.033s 

          3) Inst OC Pickup         0.1           (60A)                  @10.0X, 0.008s 

          4) Inst OC Delay          0.01         (seconds) 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     3.3KV - TR2 SR750 (OC)                    TCC Name:         tcc19.tcc 

 Bus Name:        3.3kV Bus SEC B                           Bus Voltage:      3300.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR760 

 AIC Rating:      N/A                                       Fault Duty:       7621.7A 

 Current Rating:  600A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.9           (540A)    Test Points: @2.0X, 3.009s 

          2) IEC Curve A            0.3                                  @5.0X, 1.284s 

          3) Inst OC Pickup         5             (3000A)                @10.0X, 0.891s 

          4) Inst OC Delay          0.01         (seconds) 

  

(NEW SETTINGS) 

----------------------------------------------------------------------------------------- 

 Device Name:     3.3KV - TR2 SR750 (EF)                    TCC Name:         tcc26.tcc 

 Bus Name:        3.3kV Bus SEC B                           Bus Voltage:      3300.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR750 

 AIC Rating:      N/A                                       Fault Duty:       189.6A 

 Current Rating:  600A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.05         (30A)      Test Points: @2.0X, 0.267s 

          2) IEC Curve C            0.01                                 @5.0X, 0.033s 

          3) Inst OC Pickup         0.1           (60A)                  @10.0X, 0.008s 

          4) Inst OC Delay          0.01         (seconds) 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     GEN1 -SR760 (EF)                          TCC Name:         tcc26.tcc 

 Bus Name:        3.3kV Bus SEC B                           Bus Voltage:      3300.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR760 

 AIC Rating:      N/A                                       Fault Duty:       189.6A 

 Current Rating:  400A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.1           (40A)     Test Points: @2.0X, 2.667s 

          2) IEC Curve C            0.1                                  @5.0X, 0.333s 

          3) Inst OC Pickup         0.4           (160A)                 @10.0X, 0.081s 

          4) Inst OC Delay          0.01         (seconds) 
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 ----------------------------------------------------------------------------------------- 

 Device Name:     GEN2 -SR760 (EF)                          TCC Name:         tcc26.tcc 

 Bus Name:        3.3kV Bus SEC B                           Bus Voltage:      3300.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR760 

 AIC Rating:      N/A                                       Fault Duty:       189.6A 

 Current Rating:  400A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.1           (40A)     Test Points: @2.0X, 2.667s 

          2) IEC Curve C            0.1                                  @5.0X, 0.333s 

          3) Inst OC Pickup         0.4           (160A)                 @10.0X, 0.081s 

          4) Inst OC Delay          0.01         (seconds) 

 

  

----------------------------------------------------------------------------------------- 

 

6.1.6 AS7000 Compliance Check For 3.3kV Main Switchboard  

The AS7000 requirement for automatic disconnection of supply to the 11kV Mains and final sub-circuits is shown on 

Figure 10.1 that was shown on Page 42 of this document.   

The earth fault protection settings on the Main Incomer T1 and T2 is set at 0.05xCT (Ia=30A) that will trip in 0.1 

seconds. After determining the value of Ia, we will calculate the Earth Fault Loop Impedance at the 3.3kV 

Switchboard Bus Bars and then the value of touch voltage (Uo) will be calculated.  

Shown below are the Earth Fault Loop Impedances on the 11kV & 3.3kV Switchboards.  
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Figure 38 - 11kV & 3.3kV Switchboards Earth Fault Loop Impedances 

 

Luggage Point WWTP Power Flow (One 3.3kV T1 supplying entire 3.3kV Switchboard) and Cogen Off

(Running at 0.92 p.f.)
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The Earth Fault Loop Impedance on the 3.3kV Switchboard is Zo=44.68 Per Unit (pu) on 100MVA base. In order to 

calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

 

Having calculated Zs = 4.86Ω and the Ground Fault Protection of Main Incomer set at 30A which clears the earth 

fault of 60A in o.1 second, then compliance with Figure 10.1 of AS7000 is verified as follows:   

 i.e. 4.86x60=292 Volts which trips in 0.1 second, clearing time for a touch voltage of 292V on 

a 3.3kV system as per Figure 10.1 (Distribution Urban  - DU Curve) of AS7000 is indefinite.  Therefore the selected 

settings meet the requirements of AS7000 for HV system protection. 

6.1.7 Arc Flash Evaluation of 11kV Ring Cable and Substations RMUs  

The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the 3.3kV 

Switchboard:    

 

 

Figure 39 - 3.3kV Switchboard Arc Flash Calculation & PPE Description Table 

  

The highest PPE Level on the 11V and 3.3kV Switchboards is level 0 at the Switchboards Busbars. The following label 

is recommended to be shown on the switchboard's front door for PPE Requirements: 

 

 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 3.3²/100 

Zb =0.1089Ώ 

Actual Impedance Zs = Per Unit Impedance X Base Impedance 

Zs=44.68 x0.1089 

Zs = 4.86Ώ (Earth Fault Loop Impedance on the 3.3kV Switchboard)  
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Figure 40 – 3.3kV Main Switchboard Recommended Arc Flash Label 
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6.1.8 Protection Study – 11kV Switchboard Main Incomer Panels No.4 and 6   

The worst case scenario for 11kV Mains Incomers is when: 

• Underground Feeder 12A with the lowest earth fault contribution from the Grid is on; 

• The 3.3kV Switchboard Bus-tie is closed; 

• Cogeneration Plant is off line; and, 

• Four blowers are running via one transformer; 

• The one line diagrams for the worst case scenario was shown on the previous section.  

6.1.9 Time Current Curves of 11kV Main Incomer and Largest 11kV Feeder to 3.3kV Main 

Transformers T1 &T2  

The following TCC shows grading of Mains Incomer (Feeder 12A SR750) relay with the Energex Substation Over 

Current Protection settings as provided by Energex:    
 

 

Figure 41 - 11kV Incomer 12A & Energex Substation  Overcurrent Protection Grading 

As shown on the above Time Current Curve (TCC) grading of Energex Myrtletown Substation Over Current  

protection settings with the Luggage Point STP Mains Incomer (Feeder 12A -  SR750) relay has been achieved. 
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Shown on the following diagram is the Time Current Curves (TCC) for the major protection devices that provide 

protection coordination between Incomer 12A and largest Feeder Panel FDR11:  

     

Figure 42: 11kV Switchboard Incomer 12A and Largest Feeder Recommended Settings TCC  

 

As shown on the above TCC diagram the following settings have been applied:  

• Transformer T1 Feeder protection relay settings were determined in the previous section. The Mains 

Incomer Protection Relay settings must discriminate with its downstream protection devices as shown on 

the above TCC.  

• 11kV Mains Incomer 12A 11kV Feeder is a 240mm² 3C+E XLPE Cable with a current carrying capacity of 555A 

and a maximum demand load of 443A (as the worst case scenario) is protected by a SR750 Overcurrent Relay 

set at 504A. Therefore compliance with Clause 2.5.3 of AS3000 is verified as: Ib=443A≤In=504A≤Iz=555A. 

There is no issue in cable sizing and protection settings as recommended on the above TCC. The existing 

setting on this relay is also set at 0.84xCT=504A with the same IEC Curve A but set at 0.2 time dial, this 

setting clashes with the downstream CB setting and would not provide discrimination with its downstream  
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protection devices and would not meet the reliability clause of AS3000. Therefore new setting is 

recommended as per the above TCC.  

In order to prevent any reverse power to the Grid, another Overcurrent Setting is recommended on this relay for 

REVERSE Protection settings as shown on the below TCC.  

 

Figure 43 - 11kV Switchboard Incomer 12A  Reverse Power Protection - TCC 

• The above REVERSE power protection would protect Consumer's Mains and clear reverse power to Energex 

if the Grid supply is lost.   

 

 

The following Time Current Curve (TCC) shows grading of Mains Incomer (Feeder 12A - SR750) relay with the Energex 

Substation Earth Fault Protection settings as provided by Energex:       
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Figure 44 - 11kV & 3.3kV Switchboards Earth Fault Protection Grading 

As shown on the above Time Current Curves (TCC) grading of Energex Myrtletown Substation Earth Fault  protection 

settings with the Luggage Point STP Mains Incomer (Feeder 12A SR750) relay has been achieved. 

Shown on the following diagram is the Time Current Curves (TCC) for the Ground Fault Protection of 11kV Incomer 

toward STP direction coordinated with the largest feeder protection settings:    
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Figure 45 - 11kV & 3.3kV T1 & T2 Feeders EF Protection - TCC 

 

Shown on the following diagram is the Time Current Curves (TCC) for the Ground Fault Protection of 11kV Incomer in 

reverse direction which is a copy of existing settings:   
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6.1.10 Protection Device Setting Parameters  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in previous 

sections of this report: 
 Project Name:      LUGGAGE POINT STP 

----------------------------------------------------------------------------------------- 

 Device Name:     FDR 12A - SR750 (OC - FWD)                TCC Name:         tcc21.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR760 

 AIC Rating:      N/A                                       Fault Duty:       5192.7A 

 Current Rating:  600A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.84          (504A)    Test Points: @2.0X, 4.012s 

          2) IEC Curve A            0.1                                  @5.0X, 1.712s 

          3) Inst OC Pickup         6             (3600A)                @10.0X, 1.188s 

          4) Inst OC Delay          0.01         (seconds) 

40 A
42 A

1268 A

0.5 1 10 100 1K 10K
0.01

0.10

1

10

100

1000

CURRENT IN AMPERES

tcc24.tcc   Ref. Voltage: 11000V   Current in Amps x 1   

T
IM

E
 IN

 S
E

C
O

N
D

S

MULTILIN  
SR750/760 Feeder Relay  
SR750  
Settings Phase
   OC Pickup 0.2 (40A)  
   IEC Curve C 0.02  
   Inst OC Pickup 0.8 (160A)  
   Inst OC Delay 0.01  

FDR 11 - T1 SR750 (EF)

MULTILIN  
SR750/760 Feeder Relay  
SR760  
Settings Phase
   OC Pickup 0.07 (42A)  
   IEC Curve A 0.27  
   Inst OC Pickup 5 (3000A)  
   Inst OC Delay 0.01  

FDR 12A - SR750 (EF - REVS)

MULTILIN  
SR750/760 Feeder Relay  
SR750  
Settings Phase
   OC Pickup 0.2 (40A)  
   IEC Curve C 0.02  
   Inst OC Pickup 0.8 (160A)  
   Inst OC Delay 0.01  

FDR 11 - T1 SR750 (EF)

MULTILIN  
SR750/760 Feeder Relay  
SR760  
Settings Phase
   OC Pickup 0.07 (42A)  
   IEC Curve A 0.27  
   Inst OC Pickup 5 (3000A)  
   Inst OC Delay 0.01  

FDR 12A - SR750 (EF - REVS)
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  ----------------------------------------------------------------------------------------- 

 Device Name:     FDR 12A - SR750 (OC - REVS)               TCC Name:         tcc22.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR760 

 AIC Rating:      N/A                                       Fault Duty:       5192.7A 

 Current Rating:  600A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.2           (120A)    Test Points: @2.0X, 2.006s 

          2) IEC Curve A            0.2                                  @5.0X, 0.856s 

          3) Inst OC Pickup         0.33          (198A)                 @10.0X, 0.594s 

          4) Inst OC Delay          7             (seconds) 

 ----------------------------------------------------------------------------------------- 

 Device Name:     CBL-0050                                  TCC Name:         tcc21.tcc 

 Bus Name:        11kV Bus2                                 Bus Voltage:      11000.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           1 

 Size:            240 

 Material:        Copper                                    Cont. Temp:       90 deg C. 

 Total Ampacity:  555.0                                     Damage Temp:      250 deg C. 

----------------------------------------------------------------------------------------- 

 Device Name:     FDR 12A - SR750 (EF - FWD)                TCC Name:         tcc23.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR760 

 AIC Rating:      N/A                                       Fault Duty:       1268.3A 

 Current Rating:  600A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.07          (42A)     Test Points: @2.0X, 2.006s 

          2) IEC Curve A            0.1                                 @5.0X, 0.856s 

          3) Inst OC Pickup         0.3           (180A)                 @10.0X, 0.594s 

          4) Inst OC Delay          0.01         (seconds) 

 

----------------------------------------------------------------------------------------- 

 Device Name:     FDR 12A - SR750 (EF - REVS)               TCC Name:         tcc24.tcc 

 Bus Name:        11kV Main SWBD                            Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    MULTILIN 

 Description:     5A CT Sec 

 Type:            SR750/760 Feeder Relay                    Class Desc:       SR760 

 AIC Rating:      N/A                                       Fault Duty:       1268.3A 

 Current Rating:  600A / 5A                                 Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Setting: 1) OC Pickup              0.07          (42A)     Test Points: @2.0X, 2.708s 

          2) IEC Curve A            0.27                                 @5.0X, 1.156s 

          3) Inst OC Pickup         0.3             (3000A)                @10.0X, 0.802s 

          4) Inst OC Delay          0.01         (seconds) 

----------------------------------------------------------------------------------------- 

 

6.1.11 AS7000 Compliance Check For 11kV Main Switchboard  

The AS7000 requirement for automatic disconnection of supply to the 11kV Mains and final sub-circuits is shown on 

Figure 10.1 that was shown on Page 42 of this document.   

The earth fault protection settings on the 11kV Main Incomer is set at 0.08xCT=42A, with Ia=180A that will trip in 

0.01 seconds. After determining the value of Ia, we will calculate the Earth Fault Loop Impedance at the 11kV 

Switchboard Bus Bars and then the value of touch voltage (Uo) will be calculated.  

The Earth Fault Loop Impedance on the 11kV Switchboard as shown on previous Figures is Zo=11.23 Per Unit (pu) on 

100MVA base. In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

 

 

 

 

 

Having calculated Zs = 13.58Ω and the Ground Fault Protection of Main Incomer set at 180A which clears the fault in 

0.1 second, then compliance with Figure 10.1 of AS7000 is verified as follows:   

 i.e. 13.5x180=2430 Volts which trips in 0.01 second, clearing time for a touch voltage of 

2430V on a 11kV system as per Figure 10.1 (Distribution Urban  - DU Curve) of AS7000 is 0.7 Sec. Therefore the 

selected settings meet the requirements of AS7000 for HV system protection.  

6.1.12 Arc Flash Evaluation of 11kV and 3.3kV Switchboards  

The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the Final Area MCC-

004-01:    

 

 

Figure 46 - 11& 3.3kV Switchboards Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 11V and 3.3kV Switchboards is level 0 at the Switchboards Busbars. The following 

labels are recommended to be shown on the switchboards front door for PPE Requirements: 

 

 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 11²/100 

Zb =1.21Ώ 

Actual Impedance Zs = Per Unit Impedance X Base Impedance 

Zs=11.23 x1.21 

Zs = 13.58Ώ (Earth Fault Loop Impedance in the field)  
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Figure 47 – 3.3kV Main Switchboard Recommended Arc Flash Label 
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Figure 48 - 11kV Main Switchboard Recommended Arc Flash Label 
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7 LUGGAGE POINT STP – 11KV SUBSTATION S1 & 415V MAIN AUXILIARIES SWITCHBOARD 

POWER SYSTEM ANALYSIS  

11kV power supply to the 415V Auxiliaries Switchboard is fed from the 11kV Ring Substation S1 via two feeders:  

• Feeder 14 connected to upstream 11kV Switchboard; 

• Feeder 25 connected to downstream 11kV Substation S5 

The Substation S1 comprises three off 750kVA, 11kV/415V transformers with each transformer feeding one section 

of the Auxiliaries Switchboard (with Bus-Ties open) as follows: 

• AUX T3 Transformer feeding 415V Aux. SWBD Bus 3; 

• AUX T4 Transformer feeding 415V Aux. SWBD Bus 2;  

• AUX T5 Transformer feeding 415V Aux. SWBD Bus 1;  

The existing 415V Main Auxiliaries Switchboard is currently being replaced with a new switchboard that incorporates 

the following circuit breakers: 

• Q1 :1250A Terasaki type “AR212S”, Air Circuit Breaker (ACB) on the Incomer of Main AUX SWB BUS 1; 

• Q3 : 1250A Terasaki type “AR212S” , Air Circuit Breaker (ACB) on the Incomer of Main AUX SWB BUS 2; 

• Q5 : 1250A Terasaki type “AR212S” , Air Circuit Breaker (ACB) on the Incomer of Main AUX SWB BUS 3; 

• Q2 and Q4 : 2000A NHP type “SLB20003P”, Load Break Switches on the Bus Ties 1&2; 

• Q10 (BUS 1) : 800A Terasaki type “S800RE”, MCCB on the feeder to Digester MCC; 

• Q12 (BUS 1) : 400A Terasaki type “S400GE”, MCCB on the feeder to Essential Services Switchboard; 

• Q16 (BUS 2) : 400A Terasaki type “S400GE”, MCCB on the feeder to Essential Services Switchboard; 

• Q14 (BUS 2) : 400A Terasaki type “S400GE”, MCCB on the feeder to Site Main Switchboard; 

• Q15A (BUS 2) : 250A Terasaki type “S250PE”, MCCB on the feeder to Blowers Auxiliaries Switchboard; 

• Q18 (BUS 3) : 400A Terasaki type “S400GE”, MCCB on the feeder to Cogen MCC; 

• Q19 (BUS 3) : 125A Terasaki type “S250PE”, MCCB on the feeder to Cogen 1 Essential Switchboard; 

• Q21 (BUS 3) : 125A Terasaki type “S250PE”, MCCB on the feeder to Cogen 2 Essential Switchboard; 

• Q13 : 250A Terasaki type “S250PE”, MCCB (Spare) 

• Q11, Q17 and Q20 : 400A Terasaki type “S400GE”, MCCB (Spare) 

The following one line diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault 

Currents for the new 415V Auxiliaries Switchboard fed from 11kV Substation S1:
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Figure 49 - Substation S1 & New 415V Main Auxiliaries Switchboard –One Line Diagram with Input Data 

BUS3
BUS2

FROM 11KV SWITCHBOARD

415 MAIN AUX SWB

TO 11KV SUBSTATION S5

BUS1

Main Sub S1A

FDR 26

S

AUX T3

Size 750.00 kVA

Pri Delta
Sec Wye-Ground

%Z 4.5000 %

X/R 3.4

BUS-0058

MAIN AUX SWB 3
415.0 V

Main Sub S1B

FDR 27

S
AUX T4

Size 750.00 kVA

Pri Delta
Sec Wye-Ground

%Z 4.5000 %

X/R 3.4

BUS-0061

MAIN AUX SWB 2

415.0 V

Main Sub S1C
FDR 28

S

AUX T5

Size 750.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.5000 %
X/R 3.4

BUS-0064

FDR 25 (1) Size 95 mm2

Copper 3 Wire
XLS3

150.0 Meters

Ampacity 245.0 A

Bus Tie A

Bus Tie B

FDR 14

(1) Size 95 mm2

Copper 3 Wire
XLS3

10.0 Meters

Ampacity 245.0 A

CBL-0062

(4) Size 400 mm2

Copper 4 Wire+Grnd

PVC
125.0 Meters

Ampacity 1708.0 A

Q10 - 800A

MAIN AUX SWB 1
415.0 V

CBL-0063

(4) Size 400 mm2
Copper 3-(1/C)

PVC

35.0 Meters

Ampacity 1708.0 A

Q1

BUS-0313

Open

BUS TIE 1

R 0.01000 pu

X 0.01000 pu

CBL-0064

(4) Size 400 mm2

Copper 3-(1/C)
PVC

35.0 Meters

Ampacity 1708.0 A

BUS-0319

Q3

ESS SERVICES 2-P01

(4) Size 400 mm2

Copper 4 Wire+Grnd

PVC

125.0 Meters
Ampacity 1708.0 A

Q16 - 400A

ESS SERVICES 1-P01

(4) Size 400 mm2
Copper 4 Wire+Grnd

PVC

125.0 Meters

Ampacity 1708.0 A

Q12 - 400A

Open
BUS TIE 2

R 0.01000 pu

X 0.01000 pu

CBL-0067

(4) Size 400 mm2

Copper 3-(1/C)

PVC
35.0 Meters

Ampacity 1708.0 A

BUS-0326

Q5

SITE MAIN SWB-P01

(4) Size 400 mm2
Copper 4 Wire+Grnd

PVC

125.0 Meters

Ampacity 1708.0 A

Q14 - 400A

SITE MAIN SWB

SITE MAIN SWB LOADS
30 Amps

FDR26-100A

FDR27-100A

FDR28-100A

BLOWERS AUX-P01
(4) Size 400 mm2

Copper 4 Wire+Grnd

PVC

125.0 Meters
Ampacity 1708.0 A

Q15 250A

BLOWERS AUX SWB

BLOWERS AUX SWB LOADS
30 Amps

COGEN MCC-P01
(4) Size 400 mm2
Copper 4 Wire+Grnd

PVC

125.0 Meters

Ampacity 1708.0 A

Q18 - 400A

COGEN MCC

COGEN MCC LOADS
30 Amps

COGEN 1 ESS-P01

(4) Size 400 mm2

Copper 4 Wire+Grnd

PVC

125.0 Meters
Ampacity 1708.0 A

Q19 - 250A

COGEN 1 ESS

COGEN 1 ESS LOADS
20 Amps

COGEN 2 ESS-P01

(4) Size 400 mm2

Copper 4 Wire+Grnd
PVC

125.0 Meters

Ampacity 1708.0 A

Q21 - 250A

COGEN 2 ESS

COGEN 2 ESS LOADS
20 Amps

TO: ESSENTIAL SERVICES SWBD

DIGESTER MCC
Open
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Figure 50  -Substation S1 & New 415V Main Auxiliaries Switchboard –One Line Diagram with Load Flow and Voltage Drop 

 

BUS3
BUS2

FROM 11KV SWITCHBOARD

415 MAIN AUX SWB

TO 11KV SUBSTATION S5

BUS1

TO: ESSENTIAL SERVICES SWBD
DIGESTER MCC

Main Sub S1A

FDR 26

S

AUX T3

109.8 kW

83.3 kVAR
Percent VD 0.7 %

BUS-0058

MAIN AUX SWB- BUS 3

415.0 V

LF Voltage 404.15 V
LF Voltage Angle -0.66 deg

LF kW 109.40 kW
LF kVAR 82.11 kVAR

Main Sub S1B

FDR 27

S

AUX T4

285.2 kW
220.1 kVAR

Percent VD 1.8 %

BUS-0061

415V MAIN AUX. SWBD

415.0 V

LF Voltage 399.15 V
LF Voltage Angle -1.15 deg

LF kW 282.54 kW
LF kVAR 211.82 kVAR

Main Sub S1C
FDR 28

S

AUX T5

324.9 kW
252.1 kVAR

Percent VD 2.0 %

BUS-0064

FDR 25 693.9 kW
534.4 kVAR

Percent VD 0.0 %
LF 47 A

Bus Tie A

Bus Tie B

FDR 14

1413.8 kW
1090.0 kVAR

Percent VD 0.0 %
LF 95 A

CBL-0062

321.4 kW

241.4 kVAR
Percent VD 0.7 %

LF 583 A

Q10 - 800A

NEW 415V MAIN AUX SWB- BUS 1

415.0 V
LF Voltage 398.00 V

LF Voltage Angle -1.26 deg
LF kW 321.36 kW

LF kVAR 241.36 kVAR

CBL-0063

321.9 kW
242.0 kVAR

Percent VD 0.2 %
LF 583 A

Q1 - 1250A

BUS-0313

O pen

BUS TIE 1

CBL-0064

283.0 kW

212.3 kVAR
Percent VD 0.2 %
LF 511 A

BUS-0319

Q3 - 1250A

ESS SERVICES 2-P01

248.0 kW

185.9 kVAR
Percent VD 0.5 %
LF 448 A

Q16 - 400A

ESS SERVICES 1-P01

0.0 kW

0.0 kVAR
Percent VD 0.0 %

LF 0 A

Q12 - 400A

O pen
BUS TIE 2

CBL-0067

109.5 kW

82.2 kVAR
Percent VD 0.1 %
LF 195 A

BUS-0326

Q5 - 1250A

SITE MAIN SWB-P01

17.3 kW

12.9 kVAR
Percent VD 0.0 %

LF 31 A

Q14 - 400A

SITE MAIN SWB

SITE MAIN SWB LOADS
30.000 Amps

FDR26-100A

FDR27-100A HV Fuses

FDR28-100A HV Fuses

BLOWERS AUX-P01

17.3 kW

12.9 kVAR
Percent VD 0.0 %

LF 31 A

Q15 250A

BLOWERS AUX SWB

BLOWERS AUX SWB LOADS
30.000 Amps

COGEN MCC-P01

86.4 kW

64.9 kVAR
Percent VD 0.2 %

LF 154 A

Q18 - 400A

COGEN MCC

COGEN MCC LOADS
150.000 Amps

COGEN 1 ESS-P01

11.5 kW

8.6 kVAR
Percent VD 0.0 %

LF 21 A

Q19 - 250A

COGEN 1 ESS

COGEN 1 ESS LOADS
20.000 Amps

COGEN 2 ESS-P01

11.5 kW

8.6 kVAR
Percent VD 0.0 %

LF 21 A

Q21 - 250A

COGEN 2 ESS

COGEN 2 ESS LOADS
20.000 Amps

Open
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Figure 51 - Substation S1 & New 415V Main Auxiliaries Switchboard –One Line Diagram with Short Circuit Fault Currents 

BUS3
BUS2

FROM 11KV SWITCHBOARD

415 MAIN AUX SWB

TO 11KV SUBSTATION S5

BUS1

TO: ESSENTIAL SERVICES SWBDDIGESTER MCC

Main Sub S1A

FDR 26

S

AUX T3

Isc 3P 19933 A
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BUS-0058

MAIN AUX SWB- BUS 3

Isc 3P 18714 A

Isc SLG 16596 A

Init Fault Bus Voltage 3P 0.0 V

Main Sub S1B

FDR 27

S

AUX T4

Isc 3P Pri 77 A

Isc SLG Pri 13 A

Isc 3P 19899 A

Isc SLG 17820 A

BUS-0061

415V MAIN AUX. SWBD
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Main Sub S1C
FDR 28

S

AUX T5
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BUS-0064

FDR 25 Isc 3P 201 A

Isc SLG 33 A

Isc 3P 4864 A
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Bus Tie A

Bus Tie B

FDR 14

Isc 3P 4848 A

Isc SLG 1207 A

Isc 3P 364 A

Isc SLG 59 A

CBL-0062

Isc 3P 2569 A

Isc SLG 1439 A

Isc 3P 15297 A

Isc SLG 12748 A

Q10 - 800A

NEW 415V MAIN AUX SWB- BUS 1

Isc 3P 21195 A

Isc SLG 17811 A

Init Fault Bus Voltage 3P 0.0 V

CBL-0063

Isc 3P 2549 A

Isc SLG 1459 A

Isc 3P 18681 A

Isc SLG 16401 A

Q1 - 1250A

BUS-0313

Open

BUS TIE 1

CBL-0064

Isc 3P 2250 A

Isc SLG 1295 A

Isc 3P 18684 A

Isc SLG 16422 A

BUS-0319

Q3 - 1250A

ESS SERVICES 2-P01

Isc 3P 2265 A

Isc SLG 1277 A

Isc 3P 15299 A

Isc SLG 12774 A

Q16 - 400A

ESS SERVICES 1-P01

Q12 - 400A

Open
BUS TIE 2

CBL-0067

Isc 3P 18714 A

Isc SLG 16596 A

BUS-0326

Q5 - 1250A

SITE MAIN SWB-P01

Isc 3P 16773 A

Isc SLG 13645 A

Q14 - 400A

SITE MAIN SWB

Isc 3P 16773 A

Isc SLG 13645 A

Init Fault Bus Voltage 3P 0.0 V

SITE MAIN SWB LOADS

FDR26-100A

FDR27-100A HV Fuses

FDR28-100A HV Fuses

BLOWERS AUX-P01

Isc 3P 16773 A

Isc SLG 13645 A

Q15 250A

BLOWERS AUX SWB

Isc 3P 16773 A

Isc SLG 13645 A

Init Fault Bus Voltage 3P 0.0 V

BLOWERS AUX SWB LOADS

COGEN MCC-P01

Isc 3P 15321 A

Isc SLG 12985 A

Q18 - 400A

COGEN MCC

Isc 3P 15321 A

Isc SLG 12985 A

Init Fault Bus Voltage 3P 0.0 V

COGEN MCC LOADS

COGEN 1 ESS-P01

Isc 3P 15321 A

Isc SLG 12985 A

Q19 - 250A

COGEN 1 ESS

Isc 3P 15321 A

Isc SLG 12985 A

Init Fault Bus Voltage 3P 0.0 V

COGEN 1 ESS LOADS

COGEN 2 ESS-P01

Isc 3P 15321 A

Isc SLG 12985 A
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COGEN 2 ESS

Isc 3P 15321 A
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Init Fault Bus Voltage 3P 0.0 V

COGEN 2 ESS LOADS

Open

Isc 3P 17532 A

Isc SLG 13962 A

Init Fault Bus Voltage 3P 0.0 V
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Isc SLG 14088 A

Init Fault Bus Voltage 3P 0.0 V
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7.1 Luggage Point STP – NEW 415V Main Aux. Switchboard Design Parameters Check 

• Max Demand - Maximum demand load of the new 415V Aux. Switchboard is: 

Load flow from TX5 to Bus 1 of the 415V Aux. Switchboard: 321.9kW (583A); 

Load flow from TX4 to Bus 2 of the 415V Aux. Switchboard: 283kW (511A); 

Load flow from TX3 to Bus 3 of the 415V Aux. Switchboard: 109.5kW (195A);  

• Voltage Drop: there is no issue with voltage drop on the Substation S1 feeders to the 415V Auxiliaries 

Switchboards.  

• Fault Levels: on the new 415V Aux. Switchboards:  

3 phase fault level on the Bus 1 is: 21.195kA; 

1 phase to ground fault level on the Bus 1 is: 17.811kA; 

3 phase fault level on the Bus 2 is: 20.900kA; 

1 phase to ground fault level on the Bus 2 is: 17.673kA; 

3 phase fault level on the Bus 3 is: 18.714kA; 

1 phase to ground fault level on the Bus 3 is: 16.596kA; 

7.2 Protection Study - 415V Aux. Switchboard Protection Devices Settings 

7.2.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that provide 

protection to the: Transformer TX5 100A HV Fuses, Bus 1 Incomer Q1, Largest Feeder Circuit Breaker on Bus 1 and 

then the smaller feeder circuit breakers that will be coordinated with the upstream Main Incomer Q1. These 

Protection Device settings are provided in the following pages in order to achieve the protection co-ordination 

shown on the TCC diagram. 
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Figure 52 - Bus 1 HV Fuse and Incomer Q1 - TCC 

 

Figure 53 - Bus 1 Largest CBs - TCC 
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Figure 54 - Bus 2 HV Fuse and Incomer Q3 & Feeder CB Q14 - TCC 

 

Figure 55 - Bus 2 Incomer Q3 & Feeder CB Q15 - TCC 
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Figure 56 - Bus 3 Incomer Q5 & HV Fuses - TCC 

 

Figure 57 - Bus 3 Incomer Q5 & Feeder CBs Q18&19 - TCC 
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7.2.2 Protection Devices Setting Parameters 

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in previous 

sections of this report: 
 Project Name:      LUGGAGE 

 TCC Name:          tcc32.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

----------------------------------------------------------------------------------------- 

 Device Name:     CBL-0062                                  TCC Name:         tcc32.tcc 

 Bus Name:        MAIN AUX SWB- BUS 1                       Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           4 

 Size:            400                                       Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q10 - 800A                                TCC Name:         tcc32.tcc 

 Bus Name:        MAIN AUX SWB- BUS 1                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S800RE                                                        

 AIC Rating:      70kA                                      Fault Duty:       22664.9A 

 Frame:           S800RE 660V 800A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          800A 

 Plug:              

 Setting: 1) Ir                     1.00         (800A) 

          2) tR                     5.0          

          3) Isd                    5.0          (4000A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (11200A) 

Parameter settings for the Q10 S800RE will be selected AS Ir setting will be 1.0 and the selected 

Characteristics Curve will be No.4. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     ESS SERVICES 1-P01                        TCC Name:         tcc32.tcc 

 Bus Name:        MAIN AUX SWB- BUS 1                       Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           4 

 Size:            400                                       Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q12 - 400A                                TCC Name:         tcc32.tcc 

 Bus Name:        MAIN AUX SWB- BUS 1                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S400-GE                                                       

 AIC Rating:      70kA                                      Fault Duty:       22664.9A 

 Frame:           S400GE 690V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:              

 Setting: 1) Ir                     1.00         (400A) 

          2) tR                     5.0          

          3) Isd                    5.0          (2000A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (5600A) 

Parameter settings for the Q12 S400GE will be selected from the table below to determine the Characteristic 

setting of the cure which has been plotted on the TCC diagram:  
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From the above table Ir setting will be 1.0 and the selected Characteristics Curve will be No.4. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q1 - 1250A                                TCC Name:         tcc32.tcc 

 Bus Name:        MAIN AUX SWB- BUS 1                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     AGR-11L-PG 

 Type:            AR212S_AGR-11L-PG, In= 800A                                   

 AIC Rating:      65kA                                      Fault Duty:       22664.9A 

 Frame:           AR212S 415V 1250A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          1250A 

 Plug:            1250A 

 Setting: 1) Ir (LTPU)              0.8          (1000A) 

          2) t r (LTD) @ 6 x IR     10           

          3) Isd (STPU)             6            (7500A) 

          4) t sd (STD)             0.05        I^2 t In 

          5) Ii (INST)              14.0         (17500A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     FDR26-100A                                TCC Name:         tcc31.tcc 

 Bus Name:        Main Sub S1C                              Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    GEC   11KV 

 Description:     TRANS/DIST 

 Type:            KEMXO -OIL                                                    

 AIC Rating:      40kA                                      Fault Duty:       5241.3A 

 Cartridge:       KEMXO 11000V 100A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

 ----------------------------------------------------------------------------------------- 

 Device Name:     SITE MAIN SWB-P01                         TCC Name:         tcc33.tcc 

 Bus Name:        MAIN AUX SWB- BUS 2                       Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           4 

 Size:            400                                       Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q14 - 400A                                TCC Name:         tcc33.tcc 

 Bus Name:        MAIN AUX SWB- BUS 2                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S400-GE                                                       
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 AIC Rating:      18kA                                      Fault Duty:       21328.8A 

 Frame:           S400GE 660V 400A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:              

 Setting: 1) Ir                     1.00         (400A) 

          2) tR                     5.0          

          3) Isd                    5.0          (2000A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (5600A) 

Parameter settings for the Q14 S400GE will be selected as Ir setting will be 1.0 and the selected 

Characteristics Curve will be No.4. 

 

----------------------------------------------------------------------------------------- 

 Device Name:     Q3 - 1250A                                TCC Name:         tcc33.tcc 

 Bus Name:        MAIN AUX SWB- BUS 2                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     AGR-11L-PG 

 Type:            AR212S_AGR-11L-PG, In= 800A                                   

 AIC Rating:      65kA                                      Fault Duty:       21328.8A 

 Frame:           AR212S 415V 1250A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          1250A 

 Plug:            1250A 

 Setting: 1) Ir (LTPU)              0.8          (1000A) 

          2) t r (LTD) @ 6 x IR     10           

          3) Isd (STPU)             6            (7500A) 

          4) t sd (STD)             0.05        I^2 t In 

          5) Ii (INST)              14.0         (17500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR27-100A HV Fuses                       TCC Name:         tcc33.tcc 

 Bus Name:        Main Sub S1B                              Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    GEC   11KV 

 Description:     TRANS/DIST 

 Type:            KEMXO -OIL                                                    

 AIC Rating:      40kA                                      Fault Duty:       5240.4A 

 Cartridge:       KEMXO 11000V 100A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     BLOWERS AUX-P01                           TCC Name:         tcc34.tcc 

 Bus Name:        MAIN AUX SWB- BUS 2                       Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           4 

 Size:            400                                       Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q15 250A                                  TCC Name:         tcc34.tcc 

 Bus Name:        MAIN AUX SWB- BUS 2                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S250-PE                                                       

 AIC Rating:      70kA                                      Fault Duty:       21328.8A 

 Frame:           S250PE 415V 250A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Ir                     1.00         (250A) 

          2) tR                     5.0          

          3) Isd                    5.0          (1250A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (3500A) 

Parameter settings for the Q15 S250PE will be selected as Ir setting will be 1.0 and the selected 

Characteristics Curve will be No.4. 

----------------------------------------------------------------------------------------- 

 Device Name:     Q18 - 400A                                TCC Name:         tcc35.tcc 

 Bus Name:        MAIN AUX SWB- BUS 3                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S400-GE                                                       
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 AIC Rating:      70kA                                      Fault Duty:       18737.0A 

 Frame:           S400GE 690V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:              

 Setting: 1) Ir                     1.00         (400A) 

          2) tR                     5.0          

          3) Isd                    5.0          (2000A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (5600A) 

 Parameter settings for the Q18 S400GE will be selected as Ir setting will be 1.0 and the selected 

Characteristics Curve will be No.4. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q19 - 250A                                TCC Name:         tcc35.tcc 

 Bus Name:        MAIN AUX SWB- BUS 3                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S250-PE                                                       

 AIC Rating:      70kA                                      Fault Duty:       18737.0A 

 Frame:           S250PE 415V 250A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Ir                     1.00         (250A) 

          2) tR                     5.0          

          3) Isd                    5.0          (1250A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (3500A) 

 Parameter settings for the Q15 S250PE will be selected as Ir setting will be 1.0 and the selected 

Characteristics Curve will be No.4. 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q5 - 1250A                                TCC Name:         tcc35.tcc 

 Bus Name:        MAIN AUX SWB- BUS 3                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     AGR-11L-PG 

 Type:            AR212S_AGR-11L-PG, In= 800A                                   

 AIC Rating:      65kA                                      Fault Duty:       18737.0A 

 Frame:           AR212S 415V 1250A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          1250A 

 Plug:            1250A 

 Setting: 1) Ir (LTPU)              0.8          (1000A) 

          2) t r (LTD) @ 6 x IR     10           

          3) Isd (STPU)             6            (7500A) 

          4) t sd (STD)             0.05        I^2 t In 

          5) Ii (INST)              14.0         (17500A) 

----------------------------------------------------------------------------------------- 

 

7.3 AS3000 Compliance Check of the 415V Aux. Switchboard  

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final sub-

circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.  

As shown in the device settings above: 

• The Main Incomer to Bus 1 Air Circuit Breaker (ACB) 1250A Q1 is set at 1000A for long time pickup and 

6xIr=7500A for short time pick up, which will clear the fault in 0.05 second. 

• The Main Incomer to Bus 2 Air Circuit Breaker (ACB) 1250A Q3 is set at 1000A for long time pickup and 

6xIr=7500A for short time pick up, which will clear the fault in 0.05 second. 

• The Main Incomer to Bus 3 Air Circuit Breaker (ACB) 1250A Q5 is set at 1000A for long time pickup and 

6xIr=7500A for short time pick up, which will clear the fault in 0.05 second. 

• The feeder to Digester MCC 800A MCCB Q10 is set at 800A for long time pickup and 5xIr=4000A for short 

time pick up, which will clear the fault in 0.1 second. 

• The feeder 1 to Essential Services Switchboard: 400A MCCB Q12 is set at 400A for long time pickup and 

5xIr=2000A for short time pick up, which will clear the fault in 0.1 second. 
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• The feeder 2 to Essential Services Switchboard: 400A MCCB Q16 is set at 400A for long time pickup and 

5xIr=2000A for short time pick up, which will clear the fault in 0.1 second. 

• The feeder to Site Main Switchboard: 400A MCCB Q14 is set at 400A for long time pickup and 5xIr=2000A for 

short time pick up, which will clear the fault in 0.1 second. 

• The feeder to Blowers Auxiliaries Switchboard: 250A MCCB Q15 is set at 250A for long time pickup and 

5xIr=1250A for short time pick up, which will clear the fault in 0.1 second. 

• The feeder to Cogeneration MCC: 400A MCCB Q18 is set at 400A for long time pickup and 5xIr=2000A for 

short time pick up, which will clear the fault in 0.1 second. 

• The feeder to Cogen 1 Essential Switchboard: 125A MCCB Q19 is set at 125A for long time pickup and 

5xIr=750A for short time pick up, which will clear the fault in 0.1 second. 

• The feeder to Cogen 2 Essential Switchboard: 125A MCCB Q21 is set at 125A for long time pickup and 

5xIr=750A for short time pick up, which will clear the fault in 0.1 second. 

After determining the value of the short time pick up currents for all switchboards, we will calculate the Touch 

Voltage (Uo) on each switchboard to check compliance with Clause 5.7.4 of AS3000 for touch potential voltages. 

Shown in the Figure below are the Positive, Negative and the Earth Fault Loop Impedances on 100MA Per Unit bases 

for each circuit:  
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Figure 58: ATS Panel &Main Switchboards One Line Diagram with Bus Bar Impedances 
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The Earth Fault Loop Impedance for Main Auxiliaries Switchboard on all bus sections is Zo = 10.35 Per Unit (pu) on 

100MVA base. In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.017Ω at the MSB01 Bus Bars and the short time protection setting of the Mains Incomer CBs set at 7500A 

to trip in 0.05 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  i.e. 

0.017x7500=132 Volts which trips in 0.05 second, the trip time for 132 Volts on Figure B4 of AS3000:2007 is 0.35 

second. Therefore, no issue exists with compliance with AS3000.  

The Earth Fault Loop Impedance on the Digester MCC Bus Bars is Zo = 14 Per Unit (pu) on 100MVA base. Using the 

above formula, the ohmic value Zs=14x0.0017=0.023Ώ. So, Zs = 0.023Ω and the short time protection setting of the 

Feeder circuit breaker Q10 is set at 4000A to trip in 0.1 seconds. Therefore, Ia=4000 Amps at the switchboard bus 

bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.023x4000=95.2Volts which trips in 0.1 

second. The trip time for 95.2 Volts on Figure B4 of AS3000:2007 is 0.5 sec. Therefore, the design with the above 

settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Essential Services Switchboard Bus Bars is Zo = 14 Per Unit (pu) on 100MVA 

base. Using the above formula, the ohmic value Zs=14x0.0017=0.023Ώ. So, Zs = 0.023Ω and the short time protection 

setting of the Feeder circuit breakers Q12 and Q16 are set at 2000A to trip in 0.1 seconds. Therefore, Ia=2000 Amps 

at the switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 

0.023x2000=47.6Volts which trips in 0.1 second. The trip time for 47.6 Volts on Figure B4 of AS3000:2007 is more 

than 5 sec. Therefore, the design with the above settings meets touch potential requirements of Clause 5.7.4 of 

AS3000:2007. 

The Earth Fault Loop Impedance on the Site Main Switchboard Bus Bars is Zo = 14 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=14x0.0017=0.023Ώ. So, Zs = 0.023Ω and the short time protection 

setting of the Feeder circuit breakers Q14 is set at 2000A to trip in 0.1 seconds. Therefore, Ia=2000 Amps at the 

switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.023x2000=47.6Volts 

which trips in 0.1 second. The trip time for 47.6 Volts on Figure B4 of AS3000:2007 is more than 5 sec. Therefore, the 

design with the above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Blowers Aux. Switchboard is Zo = 14 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=14x0.0017=0.023Ώ. So, Zs = 0.023Ω and the short time protection setting of 

the Feeder circuit breakers Q15 is set at 1250A to trip in 0.1 seconds. Therefore, Ia=1250 Amps at the switchboard 

bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.023x1250=29.7Volts which trips in 0.1 

second. The trip time for 29.7 Volts on Figure B4 of AS3000:2007 is indefinite. Therefore, the design with the above 

settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the new Cogeneration MCC Bus Bars is Zo = 14 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=14x0.0017=0.023Ώ. So, Zs = 0.023Ω and the short time protection 

setting of the Feeder circuit breakers Q18 is set at 2000A to trip in 0.1 seconds. Therefore, Ia=2000 Amps at the 

switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.023x2000=47.6Volts 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 10.35x0.0017 

Zs = 0.017Ώ (Earth Fault Loop Impedance in the field) 
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which trips in 0.1 second. The trip time for 47.6 Volts on Figure B4 of AS3000:2007 is more than 5 sec. Therefore, the 

design with the above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedances on the new Cogenerations 1 &2 Essential Supplies are Zo = 14 Per Unit (pu) on 

100MVA base. Using the above formula, the ohmic value Zs=14x0.0017=0.023Ώ. So, Zs = 0.023Ω and the short time 

protection setting of the Feeder circuit breakers Q19 & Q21 is set at 750A to trip in 0.1 seconds. Therefore, Ia=750 

Amps at the switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 

0.023x750=17.25Volts which trips in 0.1 second. The trip time for 47.6 Volts on Figure B4 of AS3000:2007 is 

indefinite. Therefore, the design with the above settings meets touch potential requirements of Clause 5.7.4 of 

AS3000:2007. 

7.3.1 Arc Flash Evaluation of New 415V Main Auxiliaries Switchboards  

The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the new 415V Main 

Auxiliaries Switchboard and its downstream switchboards:    

 

Figure 59 - 415V Main Auxiliaries & Downstream Switchboards Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V Main Auxiliaries Switchboard is level 2 at the Switchboard's Busbars. The arc flash 

category on all of the downstream switchboards is Cat.0. The following label is recommended to be shown on the 

switchboard's front door for PPE Requirements:  
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Figure 60- 415V Main Aux. and Down Stream Switchboards Arc Flash Labels 

The new 415V Main Aux. Switchboard provides power supply to the following downstream 415V Switchboards: 

• 415V 3 Phase Feeder to Digester MCC; 

• 415V 3 Phase Feeder 1 to Essential Services Switchboard; 

• 415V 3 Phase Feeder 2 to Essential Services Switchboard; 

• 415V 3 Phase Feeder to Site Main Switchboard; 

• 415V 3 Phase Feeder to Blowers Auxiliaries Switchboard; 

• 415V 3 Phase Feeder to the new Cogeneration LV MCC; 

• 415V 3 Phase Feeder to the new Cogeneration 1 Essential Loads; 

• 415V 3 Phase Feeder to the new Cogeneration 2 Essential Loads; 

On the above figures the arc flash labels for each of these switchboards have been provided and show that all of 

these downstream switchboards are Cat.0 for PPE requirements. In the following sections, the power system 

analysis and protection coordination studies are presented for each of these sub-switchboards in more details:  
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7.4 Power System Analysis of Digester MCC   

Figures on the following pages provide the following system characteristics for the Digester MCC that will be used in 

this report for carrying out the studies: 

• Max Demand - Maximum demand load of the Digester MCC: 

321.4kW (583A);  

• Voltage Drop: Based on the above calculated maximum demand load, the voltage drop across the 415V 

Main Aux. Switchboard to the Digester MCC is 0.7% and from the MCC to the field equipment with the 

highest voltage drop of 0.6%, therefore the total voltage drop is: 

1.3% which is less than the 5% permissible by AS3000:2007.     

• Fault Levels:  

Minimum 3 phase fault level on the Aeration F1A Switchboard busbars  is 17.842kA; 

1 phase to ground fault level is 14.090kA. 

The Digester MCC incorporates the following protection devices which are shown on the following one line 

diagrams: 

• MCCB Q10 feeder circuit breaker located on the new 415V Main Aux. Switchboard Bus 1 type: 800A Terasaki 

type “S800RE”; 

• 160A Terasaki type “XH250NJ”, MCCBs on CP-01-Q13 & CP-06-18; 

• 160A HRC fuses on the feeder 1 to the Secure Supply DB; 

• 125A HRC fuses on the feeder to the Wall DB; 

• 63A HRC fuses on the feeder 2 to the Secure Supply DB; 

• MCCB SGB1-Q12 type: Terasaki XS125GJ/63 on Sludge Gas Transfer Blowers; 

• SRP1-Q11 & SNP1-Q13: 25A Terasaki Caplet type “TP50”; 

The protection coordination procedure for this MCC will be carried out as follows: 

• The Incomer MCCB Q10 has already been coordinated with its upstream ACB in the new 415V Main Aux. 

Switchboard. This MCCB will now be coordinated with the largest MCCB and HRC Fuse on the Digester MCC 

and then all smaller MCCBs will be coordinated and plotted on TCCs to ensure discrimination with the Main 

Incomer is maintained. 

7.4.1 One Line Diagrams of Digester MCC 

Shown on following diagrams are the details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault 

Currents for the Digester MCC: 
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Figure 61 – Digester MCC –One Line Diagram with Input Data 
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Figure 62 – Digester MCC –One Line Diagram with Load Flow and Voltage Drop 
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Figure 63 - Digester MCC –One Line Diagram with Short Circuit Fault Currents 
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Isc 3P 41 A

BUS-0245

63A SGB1-Q12

EQ SRP2,3,4,5,6
Isc 3P 9849 A
Isc SLG 8122 A

EQ SRP2,3,4,5,6-5x11kW

BUS-0246

CP-01-P01
Isc 3P 799 A
Isc SLG 420 A

Isc 3P 12226 A

Isc SLG 9703 A

160A CP-01-Q13

GAS COMP-DIGES 1

Isc 3P 808 A

Isc SLG 419 A

BUS-0247

SNP1
Isc 3P 118 A
Isc SLG 62 A

Isc 3P 2838 A

Isc SLG 2368 A

25A SNP1-Q13

SNP1 SUPER NATANT PU1

Isc 3P 118 A

Isc SLG 66 A

BUS-0249

EQ SNP2&3
Isc 3P 5199 A
Isc SLG 4336 A

EQ SNP2&3x11kW

BUS-0250

INCOMER 1

SECURE SUPPLY DB LOAD

125A WALL DB CFS

WALL DB-P01

Isc 3P 7910 A
Isc SLG 6561 A

WALL DB

Isc 3P 7910 A

Isc SLG 6561 A

Init Fault Bus Voltage 3P 0.0 V

160A SECURE SUPPLY DB CFS

SECURE SUPPLY DB-P01

Isc 3P 7910 A
Isc SLG 6561 A

SECURE SUPPLY DB

Isc 3P 7910 A

Isc SLG 6561 A

Init Fault Bus Voltage 3P 0.0 V

TANKER KRAFT PU LOAD

63A TANKER KRAFT PU CFS

TANKER KRAFT PU-P01

Isc 3P 7910 A

Isc SLG 6561 A

SECURE SUPPLY DB0

Isc 3P 7910 A

Isc SLG 6561 A

Init Fault Bus Voltage 3P 0.0 V

EQ CP-01-05-P01

Isc 3P 1606 A

Isc SLG 845 A

Isc 3P 14984 A

Isc SLG 12139 A

EQ 2x75kW

Isc 3P 1615 A

Isc SLG 844 A

BUS-0266

CP-06-P01
Isc 3P 12631 A
Isc SLG 9957 A

160A CP-06-Q18

GAS COMP-DIGES 6

BUS-0274

CBL-0062

Isc 3P 2569 A

Isc SLG 1439 A

Isc 3P 15300 A

Isc SLG 12749 A

Q10 - 800A

NEW 415V MAIN AUX SWB- BUS 1

Isc 3P 21201 A

Isc SLG 17813 A

Init Fault Bus Voltage 3P 0.0 V
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7.4.2 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Digester MCC and its Busbars. The protection device settings 

required to achieve the protection co-ordination shown on the TCC diagram are provided on the following 

pages. 

 

Figure 64: Digester MCC Incomer & Largest Drive CB & HRC Fuses Protection - TCC 

The Digester MCC Feeder cable CBL-0062 (4X400mm², 4C+E PVC), with a current-carrying capacity of 

1708A and maximum demand load of 583A, is protected by an 800A upstream MCCB. Compliance with the 

requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as follows: 

Ib=583≤In=800≤Iz=1708A. No issue exists with sizing of fuses and cable for the demand load. 
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CBL-0062

TERASAKI  
S800RE  
S800RE  
Trip 800.0 A
Settings Phase
   Ir 1.00 (800A)  
   tR 5.0  
   Isd 5.0 (4000A)  
   Tsd 0.1  
   INST 14.0 (11200A)  

Q10 - 800A

TERASAKI  
XH250NJ  
250  
Trip 160.0 A
Settings Phase
   Thermal Pickup 1 (160A)  
   Thermal Curve   
   Magnetic Pickup 11 (1760A)  

160A CP-01-Q13

CUTLER-HAMMER  
HRC, IND  
160 & 100M160  
Trip 160.0 A

160A SECURE SUPPLY DB CFS

CBL-0062

TERASAKI  
S800RE  
S800RE  
Trip 800.0 A
Settings Phase
   Ir 1.00 (800A)  
   tR 5.0  
   Isd 5.0 (4000A)  
   Tsd 0.1  
   INST 14.0 (11200A)  

Q10 - 800A

TERASAKI  
XH250NJ  
250  
Trip 160.0 A
Settings Phase
   Thermal Pickup 1 (160A)  
   Thermal Curve   
   Magnetic Pickup 11 (1760A)  

160A CP-01-Q13

CUTLER-HAMMER  
HRC, IND  
160 & 100M160  
Trip 160.0 A

160A SECURE SUPPLY DB CFS
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As shown on the above TCC, the Incomer protection MCCB and largest HRC fuses are coordinated with the 

upstream MCCB for the calculated faults. No issue exists. 

Shown on the below TCC are the smaller protection MCCBs and HRC fuses which are coordinated with the 

upstream MCCB for the calculated faults and no issue is found on the settings as shown.  

 

Figure 65 - Digester MCC Incomer & Smaller Drives CB & HRC Fuses Protection - TCC 
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CUTLER-HAMMER  
HRC, IND  
125 &100M125  
Trip 125.0 A

125A WALL DB CFS

TERASAKI  
XS125NJ  
125  
Trip 63.0 A
Settings Phase
   Thermal Pickup 1 (63A)  
   Thermal Curve   
   Magnetic Pickup 13 (819A)  

63A SGB1-Q12

CUTLER-HAMMER  
HRC, SP  
63SP  
Trip 63.0 A

63A TANKER KRAFT PU CFS

TERASAKI  
TP-50  
CAPLET 50  
Trip 25.0 A
Settings Phase
   Thermal-Mag Curve   

25A SNP1-Q13

TERASAKI  
S800RE  
S800RE  
Trip 800.0 A
Settings Phase
   Ir 1.00 (800A)  
   tR 5.0  
   Isd 5.0 (4000A)  
   Tsd 0.1  
   INST 14.0 (11200A)  

Q10 - 800A

CUTLER-HAMMER  
HRC, IND  
125 &100M125  
Trip 125.0 A

125A WALL DB CFS

TERASAKI  
XS125NJ  
125  
Trip 63.0 A
Settings Phase
   Thermal Pickup 1 (63A)  
   Thermal Curve   
   Magnetic Pickup 13 (819A)  

63A SGB1-Q12

CUTLER-HAMMER  
HRC, SP  
63SP  
Trip 63.0 A

63A TANKER KRAFT PU CFS

TERASAKI  
TP-50  
CAPLET 50  
Trip 25.0 A
Settings Phase
   Thermal-Mag Curve   

25A SNP1-Q13

TERASAKI  
S800RE  
S800RE  
Trip 800.0 A
Settings Phase
   Ir 1.00 (800A)  
   tR 5.0  
   Isd 5.0 (4000A)  
   Tsd 0.1  
   INST 14.0 (11200A)  

Q10 - 800A
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7.4.2.1 Protection Device Setting Parameters for Digester MCC  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report: 
  

 

 Project Name:      LUGGAGE 

 TCC Name:          tcc37.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     160A SECURE SUPPLY DB CFS                 TCC Name:         tcc37.tcc 

 Bus Name:        DIGESTER MCC                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       17841.7A 

 Cartridge:       160 & 100M160 415V 160A                   Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            160A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     160A CP-01-Q13                            TCC Name:         tcc37.tcc 

 Bus Name:        DIGESTER MCC                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            XH250NJ                                                       

 AIC Rating:      50kA Override:50 ShortTime:50             Fault Duty:       17841.7A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          160A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (160A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        11           (1760A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     CBL-0062                                  TCC Name:         tcc37.tcc 

 Bus Name:        NEW 415V MAIN AUX SWB- BUS 1              Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           4 

 Size:            400                                       Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q10 - 800A                                TCC Name:         tcc37.tcc 

 Bus Name:        NEW 415V MAIN AUX SWB- BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S800RE                                                        

 AIC Rating:      70kA                                      Fault Duty:       21200.7A 

 Frame:           S800RE 660V 800A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          800A 

 Plug:              

 Setting: 1) Ir                     1.00         (800A) 

          2) tR                     5.0          

          3) Isd                    5.0          (4000A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (11200A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A TANKER KRAFT PU CFS                   TCC Name:         tcc38.tcc 
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 Bus Name:        DIGESTER MCC                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     16-63A, IEC 

 Type:            HRC, SP                                                       

 AIC Rating:      80kA                                      Fault Duty:       17841.7A 

 Cartridge:       63SP 415V 63A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            63A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     125A WALL DB CFS                          TCC Name:         tcc38.tcc 

 Bus Name:        DIGESTER MCC                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       17841.7A 

 Cartridge:       125 &100M125 415V 125A                    Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            125A 

 

----------------------------------------------------------------------------------------- 

 Device Name:     63A SGB1-Q12                              TCC Name:         tcc38.tcc 

 Bus Name:        DIGESTER MCC                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       17841.7A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          63A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (63A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (819A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     25A SNP1-Q13                              TCC Name:         tcc38.tcc 

 Bus Name:        DIGESTER MCC                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       17841.7A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            25A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q10 - 800A                                TCC Name:         tcc38.tcc 

 Bus Name:        NEW 415V MAIN AUX SWB- BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S800RE                                                        

 AIC Rating:      70kA                                      Fault Duty:       21200.7A 

 Frame:           S800RE 660V 800A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          800A 

 Plug:              

 Setting: 1) Ir                     1.00         (800A) 

          2) tR                     5.0          

          3) Isd                    5.0          (4000A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (11200A) 

----------------------------------------------------------------------------------------- 
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7.4.2.2 AS3000: 2007 Compliance Check of Digester MCC   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• MCCB Q10 feeder circuit breaker located on the new 415V Main Aux. Switchboard Bus 1 type: 

800A Terasaki type “S800RE” with an 800A trip unit and Short Time Pick up setting at 5xIr=4000 

Amps, which trips in 0.1 seconds; 

• 160A Terasaki type “XH250NJ”, MCCBs on CP-01-Q13 & CP-06-18 with a 160A trip unit and Short 

Time Pick up setting at 11xIn=1760 Amps, which trips in 0.1 seconds; ; 

• 160A HRC fuses on the feeder 1 to the Secure Supply DB that burns out at 1600A in 0.1 se.; 

• 125A HRC fuses on the feeder to the Wall DB burns out at 1250A in 0.1 sec.; 

• 63A HRC fuses on the feeder 2 to the Secure Supply DB burns out at 630A in 0.1 sec.; 

• MCCB SGB1-Q12 type: Terasaki XS125GJ/63 on Sludge Gas Transfer Blowers with a 63A trip unit 

and Short Time Pick up setting at 13xIr=819 Amps, which trips in 0.1 seconds;  

• SRP1-Q11 & SNP1-Q13: 25A Terasaki Caplet type “TP50” with a fixed magnetic pick up of 250A in 

0.1 sec.; 

After determining the values of Ia for all equipment on the Digesters MCC, we need to calculate the value 

of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages. Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 

100MA Per Unit bases for all equipment:   
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Figure 66: Digesters MCC - One Line Diagram with Bus Bar Impedances

EQUALANT OF 4 GAS

COMPRESSOR DIGESTER

EQUALANT OF 2 

SUPERNATANT PUMPEQUALANT OF 5 SLUDGE 

RECIRC PUMPS

DIGESTER MCC

Z1 7.7975 pu

Z2 7.7975 pu

Zo  14.0658 pu

WALL DB LOAD

SRP1

25A SRP1-Q11

SLUDGE RECIRC PU1

BUS-0243

Z1 48.4161 pu

Z2 48.4161 pu

Zo  77.9198 pu

SGB1 SLUDGE GAS TRANS BLOWER

VSD41

SGB1-P01

BUS-0245

Z1 392.2509 pu

Z2 392.2509 pu

Zo  673435072.0000 pu

63A SGB1-Q12

EQ SRP2,3,4,5,6

EQ SRP2,3,4,5,6-5x11kW

BUS-0246

CP-01-P01

160A CP-01-Q13

GAS COMP-DIGES 1

BUS-0247

Z1 10.7653 pu

Z2 10.7653 pu

Zo  19.9862 pu

SNP1

25A SNP1-Q13

SNP1 SUPER NATANT PU1

BUS-0249

Z1 48.4161 pu

Z2 48.4161 pu

Zo  77.9198 pu

EQ SNP2&3

EQ SNP2&3x11kW

BUS-0250

Z1 26.7616 pu

Z2 26.7616 pu

Zo  42.7970 pu

INCOMER 1

SECURE SUPPLY DB LOAD

125A WALL DB CFS

WALL DB-P01

WALL DB

Z1 17.5883 pu

Z2 17.5883 pu

Zo  28.5007 pu

160A SECURE SUPPLY DB CFS

SECURE SUPPLY DB-P01

SECURE SUPPLY DB

Z1 17.5883 pu

Z2 17.5883 pu

Zo  28.5007 pu

TANKER KRAFT PU LOAD

63A TANKER KRAFT PU CFS

TANKER KRAFT PU-P01

SECURE SUPPLY DB0

Z1 17.5883 pu

Z2 17.5883 pu

Zo  28.5007 pu

EQ CP-01-05-P01

EQ 2x75kW

BUS-0266

CP-06-P01

160A CP-06-Q18

GAS COMP-DIGES 6

BUS-0274

Z1 11.0142 pu

Z2 11.0142 pu

Zo  19.9862 pu

CBL-0062

Q10 - 800A

NEW 415V MAIN AUX SWB- BUS 1

Z1 6.5621 pu

Z2 6.5621 pu

Zo  10.3566 pu
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The Earth Fault Loop Impedance on the Digester MCC Bus Bars is Zo = 14 Per Unit (pu) on 100MVA base. In order to 

calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.023 and the short time protection setting of the main incomer Q10 is 4000A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.023x4000=95.2 Volts which trips in 0.1 seconds. The trip time for 95.2 Volts on Figure 

B4 of AS3000:2007 is 0.42 SEC. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 25A MCCB supplied circuit is 77.9 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=77.9x0.0017=0.132Ώ.  So, Zs =0.132Ω and the short time protection 

setting of the circuit breaker is a fixed value of 250A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0.132x250=33Volts which trips in 0.1 second. The trip time for 33 Volts on Figure B4 

of AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 160A MCCB supplied circuit is 19.98 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=19.98x0.0017=0.033Ώ.  So, Zs =0.033Ω and the short time protection 

setting of the circuit breaker is a fixed value of 1760A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0.033x1760=59Volts which trips in 0.1 second. The trip time for 59 Volts on Figure 

B4 of AS3000:2007 is 4 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 63A MCCB supplied circuits to Sludge Gas Transfer Blowers is infinite due to 

being controlled by VSDs. The touch voltage on the field terminal box of these blowers will be zero. Therefore, the 

design with the above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 125A HRC fed Wall DB Chassis is 28.5 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=28.5x0.0017=0.043Ώ.  So, Zs =0.043Ω and the short time protection setting of 

the HRC fuse is a fixed value of 1250A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is 

verified as follows:  0.043x1250=54.8Volts which trips in 0.1 second. The trip time for 54.8 Volts on Figure B4 of 

AS3000:2007 is 4.5 sec. Therefore, the design with the above settings meets touch potential requirements of Clause 

5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 160A HRC fed Secure Supply DB is 28.5 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=28.5x0.0017=0.043Ώ.  So, Zs =0.043Ω and the short time protection setting of 

the HRC fuse is a fixed value of 1600A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is 

verified as follows:  0.043x1600=68.8Volts which trips in 0.1 second. The trip time for 68.8 Volts on Figure B4 of 

AS3000:2007 is 4 sec. Therefore, the design with the above settings meets touch potential requirements of Clause 

5.7.4 of AS3000:2007. 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 14x0.0017 

Zs = 0.023Ώ (Earth Fault Loop Impedance in the Switchboard) 
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7.4.2.3 Arc Flash Evaluation of Digesters MCC  

 Refer to Section 4.3.1 for the Arc Flash Evaluation of the Digester MCC.  

7.5 Power System Analysis of Essential Services Switchboard    

Figures on the following pages provide the following system characteristics for the Essential Services SWBD that will 

be used in this report for carrying out the studies: 

• Max Demand - Maximum demand load of the Essential Services SWBD: 

248kW (448A);  

• Voltage Drop: Based on the above calculated maximum demand load, the voltage drop across the 415V 

Main Aux. Switchboard to the Essential Services SWBD is 0.6% and from the MCC to the field equipment with 

the highest voltage drop of 1.0%, therefore the total voltage drop is: 

1.6% which is less than the 5% permissible by AS3000:2007.     

• Fault Levels:  

Minimum 3 phase fault level on the Aeration F1A Switchboard busbars  is 17.959kA; 

1 phase to ground fault level is 14.138kA. 

The Essential Services SWBD incorporates the following protection devices which are shown on the following one 

line diagrams: 

• MCCB Q12 & Q16 feeder circuit breakers located on the new 415V Main Aux. Switchboard Bus 1 type: 400A 

Terasaki type “S400GE”; 

• 63A Terasaki type “XS125NJ”, MCCBs on all starter panels and DB supply; 

The protection coordination procedure for this MCC will be carried out as follows: 

• The Incomer MCCB Q12 and Q16 has already been coordinated with their upstream ACB in the new 415V 

Main Aux. Switchboard. Each of these MCCBs will now be coordinated with the largest MCCB on the 

Essential Services SWBD which are all 63A MCCBs. 

7.5.1 One Line Diagrams of Essential Services SWBD 

Shown on following diagrams are the details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault 

Currents for the Essential Services SWBD: 
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Figure 67 – Essential Services SWBD –One Line Diagram with Input Data 

BUS2

415 MAIN AUX SWB

BUS1

EQUALANT OF 5 PRIMARY HOT 

WATER PUMPS AND VET FANS

415V MAIN AUX. SWBD

415.0 VNEW 415V MAIN AUX SWB- BUS 1

415.0 V

Open

BUS TIE 1

R 0.01000 pu

X 0.01000 pu

ESS SERVICES 2-P01

(4) Size 400 mm2

Copper 4 Wire+Grnd

PVC

125.0 Meters

Ampacity 1708.0 A

Q16 - 400A

ESS SERVICES 1-P01

(4) Size 400 mm2

Copper 4 Wire+Grnd

PVC

125.0 Meters

Ampacity 1708.0 A

Q12 - 400A

63A VENT FAN01-Q12

VENT FAN01
7.500 kW

Load Factor 1.00

X"d 0.17 pu

ESSENTIAL SERVICES SWBD
415.0 V

EQ 5x7.5 kW
37.500 kW

Load Factor 1.00

X"d 0.17 pu

63A AIR COMP01-Q18

AIR COMP01
11.000 kW

Load Factor 1.00

X"d 0.17 pu

63A AIR COMP02-Q19

AIR COMP02
11.000 kW

Load Factor 1.00

X"d 0.17 pu

63A SEC HOT WTR-PU01-Q20

SEC HOT WATER-PU01
15.000 kW

Load Factor 1.00

X"d 0.17 pu

63A SEC HOT WATER-PU02-Q21

SEC HOT WATER-PU02
15.000 kW

Load Factor 1.00

X"d 0.17 pu

63A RAW WATER-PU01-Q22

RAW WATER-PU01
30.000 kW

Load Factor 1.00

X"d 0.17 pu

63A RAW WATER-PU02-Q23

RAW WATER-PU02
30.000 kW

Load Factor 1.00

X"d 0.17 pu

DB SECTION STATION AUX

30 Amps

SNP2
(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

35.0 Meters

Ampacity 100.0 A

BUS-0473

SNP3
(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

35.0 Meters

Ampacity 100.0 A

BUS-0474

EQ 5x7.5 kW-P01

(5) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

20.0 Meters

Ampacity 230.0 A

BUS-0479

SGB1-P07

(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

20.0 Meters

Ampacity 46.0 A

BUS-0480

SNP4
(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

35.0 Meters

Ampacity 100.0 A

BUS-0481

SNP5
(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

35.0 Meters

Ampacity 100.0 A

BUS-0482

SNP6
(1) Size 16 mm2

Copper 3 Wire+Grnd

PVC

35.0 Meters

Ampacity 116.0 A

BUS-0483

SNP7
(1) Size 16 mm2

Copper 3 Wire+Grnd

PVC

35.0 Meters

Ampacity 116.0 A

BUS-0484

Open
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Figure 68 – Essential Services SWBD –One Line Diagram with Load Flow and Voltage Drop 

  

BUS2

415 MAIN AUX SWB

BUS1

EQUALANT OF 5 PRIMARY HOT 

WATER PUMPS AND VET FANS

415V MAIN AUX. SWBD

415.0 V

LF Voltage 399.15 V
LF Voltage Angle -1.15 deg

LF kW 282.54 kW

LF kVAR 211.82 kVAR

NEW 415V MAIN AUX SWB- BUS 1

415.0 V

LF Voltage 398.00 V

LF Voltage Angle -1.26 deg

LF kW 321.36 kW

LF kVAR 241.36 kVAR

O pen

BUS TIE 1

ESS SERVICES 2-P01

248.0 kW

185.9 kVAR

Percent VD 0.5 %

LF 448 A

Q16 - 400A

ESS SERVICES 1-P01

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

Q12 - 400A

63A VENT FAN01-Q12

VENT FAN01
7.500 kW

ESSENTIAL SERVICES SWBD
415.0 V

LF Voltage 396.92 V

LF Voltage Angle -1.23 deg

LF kW 246.90 kW

LF kVAR 184.54 kVAR

EQ 5x7.5 kW
37.500 kW

63A AIR COMP01-Q18

AIR COMP01
11.000 kW

63A AIR COMP02-Q19

AIR COMP02
11.000 kW

63A SEC HOT WTR-PU01-Q20

SEC HOT WATER-PU01
15.000 kW

63A SEC HOT WATER-PU02-Q21

SEC HOT WATER-PU02
15.000 kW

63A RAW WATER-PU01-Q22

RAW WATER-PU01
30.000 kW

63A RAW WATER-PU02-Q23

RAW WATER-PU02
30.000 kW

DB SECTION STATION AUX

30.000 Amps

SNP2
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

BUS-0473

SNP3
11.7 kW

8.7 kVAR
Percent VD 0.6 %

LF 21 A

BUS-0474

EQ 5x7.5 kW-P01

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

BUS-0479

SGB1-P07

8.0 kW

5.9 kVAR
Percent VD 0.9 %

LF 14 A

BUS-0480

SNP4
16.0 kW

11.9 kVAR

Percent VD 0.8 %

LF 29 A

BUS-0481

SNP5
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

BUS-0482

SNP6
32.1 kW

23.7 kVAR

Percent VD 1.0 %

LF 58 A

BUS-0483

SNP7
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

BUS-0484

Open
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Figure 69 - Essential Services SWBD –One Line Diagram with Short Circuit Fault Currents 

 

BUS2

415 MAIN AUX SWB

BUS1

EQUALANT OF 5 PRIMARY HOT 

WATER PUMPS AND VET FANS

415V MAIN AUX. SWBD

Isc 3P 21311 A

Isc SLG 17865 A
Init Fault Bus Voltage 3P 0.0 V

NEW 415V MAIN AUX SWB- BUS 1

Isc 3P 21201 A

Isc SLG 17813 A
Init Fault Bus Voltage 3P 0.0 V

Open

BUS TIE 1

ESS SERVICES 2-P01

Isc 3P 2679 A
Isc SLG 1497 A

Isc 3P 15300 A

Isc SLG 12739 A

Q16 - 400A

ESS SERVICES 1-P01

Q12 - 400A

63A VENT FAN01-Q12

VENT FAN01
Isc 3P 81 A

Isc SLG 45 A

ESSENTIAL SERVICES SWBD
Isc 3P 17959 A
Isc SLG 14138 A

Init Fault Bus Voltage 3P 0.0 V

EQ 5x7.5 kW

63A AIR COMP01-Q18

AIR COMP01
Isc 3P 118 A

Isc SLG 66 A

63A AIR COMP02-Q19

AIR COMP02
Isc 3P 118 A

Isc SLG 66 A

63A SEC HOT WTR-PU01-Q20

SEC HOT WATER-PU01
Isc 3P 162 A

Isc SLG 89 A

63A SEC HOT WATER-PU02-Q21

SEC HOT WATER-PU02

63A RAW WATER-PU01-Q22

RAW WATER-PU01
Isc 3P 323 A

Isc SLG 177 A

63A RAW WATER-PU02-Q23

RAW WATER-PU02
Isc 3P 323 A

Isc SLG 177 A

DB SECTION STATION AUX

SNP2
Isc 3P 118 A
Isc SLG 62 A

Isc 3P 2839 A

Isc SLG 2369 A

BUS-0473

SNP3
Isc 3P 118 A
Isc SLG 62 A

Isc 3P 2839 A

Isc SLG 2369 A

BUS-0474

EQ 5x7.5 kW-P01

Isc 3P 5676 A
Isc SLG 4742 A

BUS-0479

SGB1-P07

Isc 3P 80 A
Isc SLG 42 A

Isc 3P 1313 A

Isc SLG 1097 A

BUS-0480

SNP4
Isc 3P 160 A
Isc SLG 84 A

Isc 3P 2839 A

Isc SLG 2367 A

BUS-0481

SNP5
Isc 3P 2841 A
Isc SLG 2374 A

BUS-0482

SNP6
Isc 3P 319 A
Isc SLG 167 A

Isc 3P 4266 A

Isc SLG 3542 A

BUS-0483

SNP7
Isc 3P 319 A
Isc SLG 167 A

Isc 3P 4266 A

Isc SLG 3542 A

BUS-0484

Open
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7.5.2 Time Current Curves 

Shown on the following diagram is the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Essential Services SWBD and its Busbars. The protection 

device settings required to achieve the protection co-ordination shown on the TCC diagram are provided 

on the following pages. 

 

Figure 70: Essential Services SWBD Incomer & Largest Drive CB Protection - TCC 

The Essential Services SWBD Feeder cable 2-P01 (4X400mm², 4C+E PVC), with a current-carrying capacity 

of 1708A and maximum demand load of 448A, is protected by a 400A upstream MCCB. Compliance with 
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ESS SERVICES 2-P01

TERASAKI  
S400-GE  
S400GE  
Trip 400.0 A
Settings Phase
   Ir 1.00 (400A)  
   tR 5.0  
   Isd 5.0 (2000A)  
   Tsd 0.1  
   INST 14.0 (5600A)  

Q16 - 400A

TERASAKI  
XS125NJ  
125  
Trip 63.0 A
Settings Phase
   Thermal Pickup 1 (63A)  
   Thermal Curve   
   Magnetic Pickup 13 (819A)  

63A RAW WATER-PU02-Q23

ESS SERVICES 2-P01

TERASAKI  
S400-GE  
S400GE  
Trip 400.0 A
Settings Phase
   Ir 1.00 (400A)  
   tR 5.0  
   Isd 5.0 (2000A)  
   Tsd 0.1  
   INST 14.0 (5600A)  

Q16 - 400A

TERASAKI  
XS125NJ  
125  
Trip 63.0 A
Settings Phase
   Thermal Pickup 1 (63A)  
   Thermal Curve   
   Magnetic Pickup 13 (819A)  

63A RAW WATER-PU02-Q23
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the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as follows: 

Ib=448≤In=400≤Iz=1708A. The calculated maximum demand load of 448A is higher than the current rating 

of the incomer MCCB, but this SWBD is fed via two 400A feeders, care must be taken to do load shedding 

when only one feeder is on-line with the second feeder of-line to prevent overloading of the feeder MCCB.  

7.5.2.1 Protection Device Setting Parameters for Essential Services SWBD  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report: 
  

 Project Name:      LUGGAGE 

 TCC Name:          tcc40.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A VENT FAN01-Q12                        TCC Name:         tcc40.tcc 

 Bus Name:        ESSENTIAL SERVICES SWBD                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       17532.2A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          63A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (63A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (819A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A AIR COMP01-Q18                        TCC Name:         tcc40.tcc 

 Bus Name:        ESSENTIAL SERVICES SWBD                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       17532.2A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          63A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (63A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (819A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A AIR COMP02-Q19                        TCC Name:         tcc40.tcc 

 Bus Name:        ESSENTIAL SERVICES SWBD                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       17532.2A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          63A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (63A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (819A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A SEC HOT WTR-PU01-Q20                  TCC Name:         tcc40.tcc 

 Bus Name:        ESSENTIAL SERVICES SWBD                   Bus Voltage:      415.0V 
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 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       17532.2A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          63A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (63A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (819A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A SEC HOT WATER-PU02-Q21                TCC Name:         tcc40.tcc 

 Bus Name:        ESSENTIAL SERVICES SWBD                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       17532.2A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          63A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (63A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (819A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A RAW WATER-PU01-Q22                    TCC Name:         tcc40.tcc 

 Bus Name:        ESSENTIAL SERVICES SWBD                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       17532.2A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          63A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (63A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (819A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A RAW WATER-PU02-Q23                    TCC Name:         tcc40.tcc 

 Bus Name:        ESSENTIAL SERVICES SWBD                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       17532.2A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          63A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (63A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (819A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q16 - 400A                                TCC Name:         tcc40.tcc 

 Bus Name:        415V MAIN AUX. SWBD                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S400-GE                                                       

 AIC Rating:      70kA                                      Fault Duty:       20900.5A 

 Frame:           S400GE 690V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 
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 Plug:              

 Setting: 1) Ir                     1.00         (400A) 

          2) tR                     5.0          

          3) Isd                    5.0          (2000A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (5600A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q12 - 400A                                TCC Name:         tcc40.tcc 

 Bus Name:        NEW 415V MAIN AUX SWB- BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            S400-GE                                                       

 AIC Rating:      70kA                                      Fault Duty:       21195.3A 

 Frame:           S400GE 690V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:              

 Setting: 1) Ir                     1.00         (400A) 

          2) tR                     5.0          

          3) Isd                    5.0          (2000A) 

          4) Tsd                    0.1          

          5) INST                   14.0         (5600A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     ESS SERVICES 2-P01                        TCC Name:         tcc40.tcc 

 Bus Name:        415V MAIN AUX. SWBD                       Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           4 

 Size:            400                                       Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     ESS SERVICES 1-P01                        TCC Name:         tcc40.tcc 

 Bus Name:        NEW 415V MAIN AUX SWB- BUS 1              Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           4 

 Size:            400                                       Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 

 ----------------------------------------------------------------------------------------- 

7.5.2.2 AS3000: 2007 Compliance Check of Essential Services SWBD   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• MCCB Q12 & Q16 feeder circuit breakers located on the new 415V Main Aux. Switchboard Bus 1 

type: 400A Terasaki type “S400GE” with a 400A trip unit and Short Time Pick up setting at 

5xIr=2000 Amps, which trips in 0.1 seconds; 

• All feeder MCCBs are 63A Terasaki type “XS125NJ”, with a 63A trip unit and Short Time Pick up 

setting at 13xIn=819 Amps, which trips in 0.1 seconds;  

After determining the values of Ia for all equipment on the MCC, we need to calculate the value of Zs. Then 

we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential voltages. Shown 

in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 100MA Per Unit 

bases for all equipment:   
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Figure 71: Essential Services Switchboard -  One Line Diagram with Bus Bar Impedances
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Z2 7.9351 pu
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The Earth Fault Loop Impedance on the Essential Services SWBD Bus Bars is Zo = 14 Per Unit (pu) on 100MVA base. 

In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.023 and the short time protection setting of the main incomer Q12 &Q16 are 2000A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.023x2000=46 Volts which trips in 0.1 seconds. The trip time for 46 Volts on Figure B4 

of AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 63A MCCB supplied circuit is 77.9 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=77.9x0.0017=0.132Ώ.  So, Zs =0.132Ω and the short time protection 

setting of the circuit breaker is a fixed value of 819A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0.132x819=108 Volts which trips in 0.1 second. The trip time for 108 Volts on Figure 

B4 of AS3000:2007 is 0.4 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

7.5.2.3 Arc Flash Evaluation of Digesters MCC  

 Refer to Section 4.3.1 for the Arc Flash Evaluation of the Essential Services SWBD.  

 

  

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 14x0.0017 

Zs = 0.023Ώ (Earth Fault Loop Impedance in the Switchboard) 
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8 LUGGAGE POINT STP – SUBSTATION S5 & PRIMARY TREATMENT AREA 415V 

SWITCHBOARDS POWER SYSTEM ANALYSIS 

11kV power supply to the Primary Treatment Area 415V Switchboards is fed from the 11kV Ring Substation S5 via 

two feeders:  

• Feeder 25 connected to upstream 11kV Substation S1; 

• Feeder 21 connected to downstream 11kV Substation S7 

The Substation S5 comprises two off 500kVA, 11kV/415V transformers with each transformer feeding one section of 

the Power Distribution Board (with Bus-Ties open) as follows: 

• XF2-0017 Transformer feeding Bus - 0056; 

• XF2-0016 Transformer feeding Bus - 0053;  

The following system data are applicable for each component of Substation S5 and 415V Switchboards: 

11kV Substation S5: 

• Max Demand - Maximum demand load of Substation S5 is: 

Load on XF2-0017 Transformer feeding Primary Treatment Area (PTA) Power Distribution Board (DB)  

Bus-1: 158.6kW; 

Load on XF2-0016 Transformer feeding PTA DB Bus-2: 67.5kW;   

• Voltage Drop: there is no issue with voltage drop on the Substation S5 and 415V Auxiliaries Switchboards.  

• Fault Levels on the Substation S5 and 415V Switchboards:  

3 phase fault level on the Power Distribution Board Bus 1is: 13.429kA; 

1 phase to ground fault level on the Power Distribution Board Bus 1 is: 10.452kA; 

3 phase fault level on the Power Distribution Board Bus 2 is: 14.818kA; 

1 phase to ground fault level on the Power Distribution Board Bus 2 is: 10.956kA; 

3 phase fault level on the Raw Sewage Screens SWBD 1 is: 12.006kA; 

1 phase to ground fault level on the Raw Sewage Screens SWBD 1 is: 9.254kA; 

3 phase fault level on the Raw Sewage Screens SWBD 2 is: 11.990kA; 

1 phase to ground fault level on the Raw Sewage Screens SWBD 2 is: 8.953kA; 

3 phase fault level on the Gallery Aeration DB is: 10.644kA; 

1 phase to ground fault level on the Gallery Aeration DB is: 8.187kA; 

3 phase fault level on the Raw Sludge Pumps Stage 1 Switchboard is: 9.131kA; 

1 phase to ground fault level on the Raw Sludge Pumps Stage 1 is: 6.917kA; 

3 phase fault level on the Raw Sludge Pumps Stage 2 is: 5.412kA; 

1 phase to ground fault level on the Raw Sludge Pumps Stage 2 is: 3.825kA; 

The following one line diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault 

Currents for the new 415V PTA DB fed from 11kV Substation S5:



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 146 of 372 

 

Figure 72 - Substation S5 & New PTA DB Switchboard –One Line Diagram with Input Data 
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Figure 73  -Substation S5 & New PTA DB Switchboard –One Line Diagram with Load Flow and Voltage Drop  
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Figure 74 - Substation S5 & New PTA DB Switchboard –One Line Diagram with Short Circuit Fault Currents 
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8.1 Luggage Point STP – NEW 415V Primary Treatment Area Power DB Power System 

Analysis 

• Max Demand - Maximum demand load of the new 415V Primary Treatment Area (PTA) Power DB is: 

Load flow from TX017 to Bus 1 of the 415V Aux. Switchboard: 158.8kW (287A); 

Load flow from TX016 to Bus 2 of the 415V Aux. Switchboard: 67.3kW (120A); 

• Voltage Drop: there is no issue with voltage drop on the Substation S1 feeders to the 415V Auxiliaries 

Switchboards.  

• Fault Levels: on the new PTA Power DB is:   

3 phase fault level on the Bus 1 is: 13.432kA; 

1 phase to ground fault level on the Bus 1 is: 10.426kA; 

3 phase fault level on the Bus 2 is: 14.822kA; 

1 phase to ground fault level on the Bus 2 is: 10.957kA; 

The Primary Treatment Area new Power DB incorporates the following circuit breakers: 

• QM1 : 800A Terasaki type “XS800NJ”, MCCB on the Incomer to Primary Treatment Area BUS 1 from XF2-017; 

• QM2 : 800A Terasaki type “XS800NJ”, MCCB on the Incomer to Primary Treatment Area BUS 2 from XF2-016; 

• 1Q1 (BUS 1): 250A Terasaki type “S250NJ”, MCCB on the feeder to Raw Sewage Screen Switchboard 1; 

• 2Q1 (BUS 1): 250A Terasaki type “S250NJ”, MCCB on the feeder to Raw Sludge Pumps Stage 1 SWBD; 

• 3Q1 (BUS 1): 800A Terasaki type “XS800NJ”, MCCB on the feeder to Gallery Aeration DB Switchboard; 

• 4Q1 (BUS 1): 100A Terasaki type “S160NJ”, MCCB on the feeder to Light and Power DB Stage 2; 

• 5Q1 (BUS 1): 250A Terasaki type “S250NJ”, MCCB on the feeder to Light and Power DB Switchroom; 

• 6Q1 (BUS 1): 100A Terasaki type “S160NJ”, MCCB on the feeder to Grit Dredger Stage 1 Switchboard; 

• 7Q1 (BUS 1): 250A Terasaki type “S250NJ”, MCCB (Spare) 

• QBT : 800A SOCOMEC type “SLB8003P”, BUS Tie (Isolator) 

• 15Q1 (BUS 2): 250A Terasaki type “S250NJ”, MCCB on the feeder to Raw Sludge Pumps Stage 2 Switchboard; 

• 12Q1 (BUS 2): 100A Terasaki type “S125NJ”, MCCB on the feeder to Raw Sewage Screen Switchboard 2; 

• 16Q1 (BUS 2): 100A Terasaki type “S160NJ”, MCCB on the feeder to Grit Dredger Stage 2 Switchboard; 

• 13Q1 (BUS 2): 250A Terasaki type “S250NJ”, MCCB on the feeder to Under Screen Area Switchboard; 

• 18Q1 (BUS 2): 100A Terasaki type “S125NJ”, MCCB on the feeder to Primary Tanks Switchboard; 

• 11Q1 (BUS 2): 160A Terasaki type “S160NJ”, MCCB on the feeder to Raw Sewage Screens Switchboard (Not 

Connected); 

• 14Q1 and 17Q1 (BUS 2): 250A Terasaki type “S250NJ”, MCCB (Spare) 

8.2 One Line Diagrams of new PTA Power DB  

Shown on the following diagrams are the PTA DB one line diagrams with input data, load flow and voltage drop data 

and short circuit fault currents for 3 phase and single phase to ground:  
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Figure 75 - PTA DB - One Line with Input Data 

11kV RING TO SUBSTATION S7

PRIMARY TREATMENT AREA -PTA DB BUS1 PRIMARY TREATMENT AREA-PTA DB BUS2

11kV RING FROM SUBSTATION S1

S5-PRIM RMU1

11000.0 V

FDR 21

(1) Size 95 mm2

Copper 3 Wire

XLS3

310.0 Meters

Ampacity 245.0 A

FDR 22

BUS-0052

S

XF2-0016
Size 500.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.4100 %

X/R 2.9

PRIMARY TREATMENT AREA BUS 2

415.0 V

S5-PRIM RMU2

11000.0 V

FDR 23

(1) Size 95 mm2

Copper 3 Wire

XLS3

10.0 Meters

Ampacity 245.0 A

FDR 24

BUS-0055

S

XF2-0017

Size 500.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.4100 %

X/R 2.9

PRIMARY TREATMENT AREA BUS 1

415.0 V

FDR 25

(1) Size 95 mm2

Copper 3 Wire

XLS3

150.0 Meters

Ampacity 245.0 A

-P01
(1) Size 95 mm2

Copper 4 Wire+Grnd

PVC

13.0 Meters

Ampacity 228.0 A

1Q1

-P02

(1) Size 185 mm2

Copper 4 Wire+Grnd

PVC

70.0 Meters

Ampacity 321.0 A

2Q1

-P03
(2) Size 240 mm2

Aluminum 3 Wire+Grnd

THWN, 125.0 Meters

3Q1

RAW SEWAGE SCREEN SWB1

415.0 V

RAW SLUDGE PUMPS STAGE 1

415.0 V

O pen
PI-0005

R 0.01000 pu

X 0.01000 pu

-P04(1) Size 50 mm2

Copper 4 Wire+Grnd

PVC

13.0 Meters

Ampacity 175.0 A

12Q1

-P05
(2) Size 25 mm2

Copper 4 Wire+Grnd

PVC

120.0 Meters

Ampacity 264.0 A

15Q1

PRIMARY TANK SWB
5 Amps

CBL-0069
(2) Size 630 mm2

Aluminum 3 Wire+Grnd

XLP1

65.0 Meters

Ampacity 1702.0 A QM1

BUS-0344

CBL-0070
(2) Size 630 mm2

Aluminum 3 Wire+Grnd

XLP1

65.0 Meters

Ampacity 1702.0 A QM2

BUS-0345

FDR24-50A FDR22-50A

-Q11

-Q12

Q1M

-Q14 -Q16

DB-P04
(1) Size 35 mm2

Copper 4 Wire+Grnd

PVC

130.0 Meters

Ampacity 153.0 A

6Q1

GRIT DREDGER SWB STAGE 1

415.0 V

DB-P05
(1) Size 50 mm2

Copper 4 Wire+Grnd

PVC

20.0 Meters

Ampacity 175.0 A

5Q1

L&P DB SW

L&P DB SW SWITCHROOM

2 Amps

L&P DB SW STG 2 LOADS

2 Amps

DB-P06
(1) Size 25 mm2

Copper 4 Wire+Grnd

PVC

20.0 Meters

Ampacity 132.0 A

4Q1

L&P STG2

DB-P07
(1) Size 95 mm2

Copper 4 Wire+Grnd

PVC

30.0 Meters

Ampacity 228.0 A

13Q1

UNDER SCREEN AREA

UNDER SCREEN AREA SWB

5 Amps

DRIVE MOTOR1

0.370 kW

Load Factor 1.00

X"d 0.03 pu

GRITDREDGER MAIN DRIVE1

8.500 kW

Load Factor 1.00

X"d 0.03 pu

DB-P09
(1) Size 25 mm2

Copper 4 Wire+Grnd

PVC

30.0 Meters

Ampacity 132.0 A

16Q1

GRIT DREDGER SWB STAGE 2

415.0 V

GRITDREDGER MAIN DRIVE2

8.500 kW

Load Factor 1.00

X"d 0.03 pu

DRIVE MOTOR2

0.370 kW

Load Factor 1.00

X"d 0.03 pu

DB-P08
(1) Size 25 mm2

Copper 4 Wire+Grnd

PVC

30.0 Meters

Ampacity 132.0 A

18Q1

PRIMARY TANKS SW

GALLERY AERATION DB SWB

415.0 V

RAW SLUDGE PUMPS STAGE 2

415.0 V

RAW SEWAGE SCREEN SWB2

415.0 V



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 151 of 372 

Figure 76 - PTA DB - One Line with Load Flow & Voltage Drop 
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Figure 77 - PTA DB - One Line with Short Circuit Fault Currents 
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8.2.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that provide 

protection to the: XF2-0017 and XF2-0016 Transformers 50A HV Fuses, Bus 1 Incomer QM1, Bus 2 Incomer QM2 and 

Largest Feeder Circuit Breakers and then the smaller feeder circuit breakers that will be coordinated with the 

upstream Main Incomers QM1 & QM2. These Protection Device settings are provided in the following pages in order 

to achieve the protection co-ordination shown on the TCC diagram. 

 

Figure 78 - PTA DB Incomer Protection Devices -TCC 

The incomer Cables CBL-0069 & 0070 (2x630mmsq) with the maximum current carrying capacity of 1702A and a 

maximum demand load of 287A is protected by an 800A MCCB with its long time pick up setting of 0.8xIn=640A and 

its fixed short time setting of 5xIn=4000A.  Compliance with the requirements of Clause 2.5.3 of AS3000 for overload 

protection of the cable is as follows: Ib=287≤In=640≤Iz=1702A. No issue exists with sizing of fuses and cable for the 

demand load.  Shown below are TCCs for Feeder MCCBs on this Power DB: 
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Figure 79 - Raw Sewage Scr. SWBD1 250A MCCB and Incomer - TCC 

 

Figure 80 - Raw Sludge Pumps MCCBs and Incomer - TCC 
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Figure 81 - Gallery Aeration SWBD MCCB and Incomer Q1 - TCC 

 

Figure 82 - Stage 1 Light & Power DB and Incomer Q1 - TCC 
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Figure 83 - Switchroom L&P DB and Incomer - TCC Figure 84 - Grit Dredger Panel CB and Incomer  - TCC 
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Figure 85 - Raw Sludge Pumps SWBD 2 & Incomer -TCC 
 

Figure 86 - Raw Sewage Screen SWBD 2 & Incomer - TCC 

264 A

14818 A

0.5 1 10 100 1K 10K 100K 1M
0.01

0.10

1

10

100

1000

CURRENT IN AMPERES

tcc48.tcc   Ref. Voltage: 415V   Current in Amps x 1   

T
IM

E
 IN

 S
E
C

O
N

D
S

-P05

TERASAKI  
XS800NJ  
800  
Trip 800.0 A
Settings Phase
   Ir 0.8 (640A)  
   Im 5 (4000A)  

QM2

TERASAKI  
S250NJ  
250  
Trip 250.0 A
Settings Phase
   Thermal Pickup 0.8 (200A)  
   Thermal Curve   
   Magnetic Pickup 6 (1500A)  

15Q1

TERASAKI  
TO400BA  
TO400BA  
Trip 400.0 A
Settings Phase
   LTD   
   INST 5.0 (2000A)  

-Q12

-P05

TERASAKI  
XS800NJ  
800  
Trip 800.0 A
Settings Phase
   Ir 0.8 (640A)  
   Im 5 (4000A)  

QM2

TERASAKI  
S250NJ  
250  
Trip 250.0 A
Settings Phase
   Thermal Pickup 0.8 (200A)  
   Thermal Curve   
   Magnetic Pickup 6 (1500A)  

15Q1

TERASAKI  
TO400BA  
TO400BA  
Trip 400.0 A
Settings Phase
   LTD   
   INST 5.0 (2000A)  

-Q12

14818 A

175 A

0.5 1 10 100 1K 10K 100K 1M
0.01

0.10

1

10

100

1000

CURRENT IN AMPERES

tcc49.tcc   Ref. Voltage: 415V   Current in Amps x 1   

T
IM

E
 IN

 S
E

C
O

N
D

S

TERASAKI  
E125-NJ, S125-NJ  
E125-NJ  
Trip 63.0 A
Settings Phase
   Ir, (0.63-1 x T) 1 (63A)  
   Ii, (6-12.5) 12.5 (787.5A)  

-Q16

TERASAKI  
S125 NJ 20A-125A  
S125-NJ  
Trip 100.0 A
Settings Phase
   Ir, (0.63-1 x T) 1 (100A)  
   Ii, (6-13) 10 (1000A)  

12Q1

TERASAKI  
XS800NJ  
800  
Trip 800.0 A
Settings Phase
   Ir 0.8 (640A)  
   Im 5 (4000A)  

QM2

-P04

TERASAKI  
E125-NJ, S125-NJ  
E125-NJ  
Trip 63.0 A
Settings Phase
   Ir, (0.63-1 x T) 1 (63A)  
   Ii, (6-12.5) 12.5 (787.5A)  

-Q16

TERASAKI  
S125 NJ 20A-125A  
S125-NJ  
Trip 100.0 A
Settings Phase
   Ir, (0.63-1 x T) 1 (100A)  
   Ii, (6-13) 10 (1000A)  

12Q1

TERASAKI  
XS800NJ  
800  
Trip 800.0 A
Settings Phase
   Ir 0.8 (640A)  
   Im 5 (4000A)  

QM2

-P04



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 158 of 372 

Figure 87 - Under Screens Area SWBD & Incomer - TCC Figure 88 - Primary Tanks SWBD & Incomer - TCC 
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8.2.2 Protection Devices Setting Parameters for Primary Treatment Area Switchboards 

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in previous 

sections of this report: 
 Project Name:      LUGGAGE 

 TCC Name:          tcc52.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

----------------------------------------------------------------------------------------- 

 Device Name:     -Q14                                      TCC Name:         tcc52.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            S250-GJ                                                       

 AIC Rating:      65kA                                      Fault Duty:       12005.1A 

 Frame:           S250-GJ 690V 250A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            250A 

 Setting: 1) Ir, (0.63-1 x T)       0.8          (200A) 

          2) Ii, (6-13)             6            (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     1Q1                                       TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            S250NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:50             Fault Duty:       13428.3A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (250A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        6            (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     -Q11                                      TCC Name:         tcc52.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 1                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            XS400NE                                                       

 AIC Rating:      50kA                                      Fault Duty:       9130.9A 

 Frame:           XS400NE 415V 400A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:              

 Setting: 1) Io                     0.63         (252A) 

          2) I1                     0.8          (201.6A) 

          3) T1                     5.0          

          4) I2                     4            (1008A) 

          5) T2                     0.1          

          6) I3                     3.0          (756A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     2Q1                                       TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            S250NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:50             Fault Duty:       13428.3A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (250A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        6            (1500A) 
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 ----------------------------------------------------------------------------------------- 

 Device Name:     Q1M                                       TCC Name:         tcc52.tcc 

 Bus Name:        GALLERY AERATION DB SWB                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak2 MCCB 

 Type:            E400NJ                                                        

 AIC Rating:      25kA Override:25 ShortTime:25             Fault Duty:       6549.3A 

 Frame:           E400NJ 415V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:            400A 

 Setting: 1) [Ir] Thermal Pickup    1            (400A) 

          2) Curve                                

          3) [Im] Magnetic Pickup   6            (2400A) 

          4) [tm] Magnetic Delay    0.02         (seconds) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     3Q1                                       TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     800A Frame 

 Type:            XS800NJ                                                       

 AIC Rating:      50kA ShortTime:50                         Fault Duty:       13428.3A 

 Frame:           800 440V 800A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            800A 

 Setting: 1) Ir                     0.63         (504A) 

          2) Im                     5            (4000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     4Q1                                       TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            S160-NJ                                                       

 AIC Rating:      36kA                                      Fault Duty:       13428.3A 

 Frame:           S160-NJ 690V 160A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            100A 

 Setting: 1) Ir, (0.63-1 x T)       0.8          (80A) 

          2) Ii, (6-13)             6            (600A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     5Q1                                       TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            S250NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:50             Fault Duty:       13428.3A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Thermal Pickup         0.63         (157.5A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        6            (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     6Q1                                       TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            S160-NJ                                                       

 AIC Rating:      36kA                                      Fault Duty:       13428.3A 

 Frame:           S160-NJ 690V 160A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            100A 

 Setting: 1) Ir, (0.63-1 x T)       0.63         (63A) 

          2) Ii, (6-13)             6            (600A) 

  

 ----------------------------------------------------------------------------------------- 
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 Device Name:     QM1                                       TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 1              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     800A Frame 

 Type:            XS800NJ                                                       

 AIC Rating:      20kA ShortTime:20                         Fault Duty:       13428.3A 

 Frame:           800 690V 800A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            800A 

 Setting: 1) Ir                     0.8          (640A) 

          2) Im                     5            (4000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     15Q1                                      TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 2              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            S250NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:50             Fault Duty:       14818.0A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Thermal Pickup         0.8          (200A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        6            (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     -Q12                                      TCC Name:         tcc52.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     200-400A 

 Type:            TO400BA                                                       

 AIC Rating:      30kA                                      Fault Duty:       5412.5A 

 Frame:           TO400BA 415V 400A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            400A 

 Setting: 1) LTD                                  

          2) INST                   5.0          (2000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     12Q1                                      TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 2              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            S125 NJ 20A-125A                                              

 AIC Rating:      36kA                                      Fault Duty:       14818.0A 

 Frame:           S125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            100A 

 Setting: 1) Ir, (0.63-1 x T)       1            (100A) 

          2) Ii, (6-13)             10           (1000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     -Q16                                      TCC Name:         tcc52.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB2                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       11990.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            63A 

 Setting: 1) Ir, (0.63-1 x T)       1            (63A) 

          2) Ii, (6-12.5)           12.5         (787.5A) 
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 ----------------------------------------------------------------------------------------- 

 Device Name:     16Q1                                      TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 2              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            S160-NJ                                                       

 AIC Rating:      36kA                                      Fault Duty:       14818.0A 

 Frame:           S160-NJ 690V 160A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            100A 

 Setting: 1) Ir, (0.63-1 x T)       0.63         (63A) 

          2) Ii, (6-13)             6            (600A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     13Q1                                      TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 2              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            S250NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:50             Fault Duty:       14818.0A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Thermal Pickup         0.8          (200A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        6            (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     18Q1                                      TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 2              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak2 MCCB 

 Type:            S125NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:36             Fault Duty:       14818.0A 

 Frame:           S125NJ 415V 125A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          125A 

 Plug:            125A 

 Setting: 1) [Ir] Thermal Pickup    0.8          (100A) 

          2) 125Amp Curve                         

          3) [Im] Magnetic Pickup   6            (750A) 

          4) [tm] Magnetic Delay    0.02         (seconds) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     QM2                                       TCC Name:         tcc52.tcc 

 Bus Name:        PRIMARY TREATMENT AREA BUS 2              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     800A Frame 

 Type:            XS800NJ                                                       

 AIC Rating:      20kA ShortTime:20                         Fault Duty:       14818.0A 

 Frame:           800 690V 800A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            800A 

 Setting: 1) Ir                     0.8          (640A) 

          2) Im                     5            (4000A) 

 

----------------------------------------------------------------------------------------- 
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8.3 AS3000 Compliance Check of the 415V Primary Treatment Area Switchboards  

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final sub-

circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.  

As shown in the device settings above: 

• QM1 : 800A Terasaki type “XS800NJ”, MCCB on the Incomer to Primary Treatment Area BUS 1 from XF2-017 

is set at 640A for long time pickup and 5xIn=4000A for short time pick up, which will clear the fault in 0.1 

second; 

• QM2 : 800A Terasaki type “XS800NJ”, MCCB on the Incomer to Primary Treatment Area BUS 2 from XF2-016 

is set at 640A for long time pickup and 5xIn=4000A for short time pick up, which will clear the fault in 0.1 

second; 

• 1Q1 (BUS 1): 250A Terasaki type “S250NJ”, MCCB on the feeder to Raw Sewage Screen Switchboard 1 is set 

at 250A for long time pickup and 6xIn=1500A for short time pick up, which will clear the fault in 0.1 second; 

• 2Q1 (BUS 1): 250A Terasaki type “S250NJ”, MCCB on the feeder to Raw Sludge Pumps Stage 1 SWBD is set at 

250A for long time pickup and 6xIn=1500A for short time pick up, which will clear the fault in 0.1 second; 

• 3Q1 (BUS 1): 800A Terasaki type “XS800NJ”, MCCB on the feeder to Gallery Aeration DB Switchboard is set at 

504A for long time pickup and 5xIn=4000A for short time pick up, which will clear the fault in 0.1 second; 

• 4Q1 (BUS 1): 100A Terasaki type “S160NJ”, MCCB on the feeder to Light and Power DB Stage 2 is set at 80A 

for long time pickup and 6xIn=600A for short time pick up, which will clear the fault in 0.1 second; 

• 5Q1 (BUS 1): 250A Terasaki type “S250NJ”, MCCB on the feeder to Light and Power DB Switchroom is set at 

157.5A for long time pickup and 6xIn=1500A for short time pick up, which will clear the fault in 0.1 second; 

• 6Q1 (BUS 1): 100A Terasaki type “S160NJ”, MCCB on the feeder to Grit Dredger Stage 1 Switchboard is set at 

63A for long time pickup and 6xIn=600A for short time pick up, which will clear the fault in 0.1 second; 

• 15Q1 (BUS 2): 250A Terasaki type “S250NJ”, MCCB on the feeder to Raw Sludge Pumps Stage 2 is set at 200A 

for long time pickup and 6xIn=1500A for short time pick up, which will clear the fault in 0.1 second 

Switchboard; 

• 12Q1 (BUS 2): 100A Terasaki type “S125NJ”, MCCB on the feeder to Raw Sewage Screen Switchboard 2 is set 

at 100A for long time pickup and 10xIn=1000A for short time pick up, which will clear the fault in 0.1 second; 

• 16Q1 (BUS 2): 100A Terasaki type “S160NJ”, MCCB on the feeder to Grit Dredger Stage 2 Switchboard is set 

at 63A for long time pickup and 6xIn=600A for short time pick up, which will clear the fault in 0.1 second; 

• 13Q1 (BUS 2): 250A Terasaki type “S250NJ”, MCCB on the feeder to Under Screen Area Switchboard is set at 

200A for long time pickup and 6xIn=1500A for short time pick up, which will clear the fault in 0.1 second; 

• 18Q1 (BUS 2): 125A Terasaki type “S125NJ”, MCCB on the feeder to Primary Tanks Switchboard is set at 

100A for long time pickup and 6xIn=750A for short time pick up, which will clear the fault in 0.1 second; 

• 11Q1 (BUS 2): 160A Terasaki type “S160NJ”, MCCB on the feeder to Raw Sewage Screens Switchboard (Not 

Connected); 

The following MCCBs on the downstream switchboards have been coordinated with their upstream MCCBs to trip 

first with the upstream MCCB to act as a backup protection:  

• Q14: 250A Terasaki type “S250GJ”, MCCB on the Incomer of the Raw Sewage Screen SWBD1 is set at 200A 

for long time pickup and 6xIn=1500A for short time pick up, which will clear the fault in 0.1 second; 

• Q16: 63A Terasaki type “E125NJ”, MCCB on the Incomer of the Raw Sewage Screen SWBD2 is set at 63A for 

long time pickup and 12.5xIn=787.5A for short time pick up, which will clear the fault in 0.1 second; 

• Q11: 400A Terasaki type “XS400NE”, MCCB on the Incomer of the Raw Sludge Pumps Stage 1 SWBD is set at 

201.6A for long time pickup and 4xI1=1008A for short time pick up, which will clear the fault in 0.1 second; 

• Q1M: 400A Terasaki type “E400NJ”, MCCB on the Incomer of the Gallery Aeration DB is set at 400A for long 

time pickup and 6xIr=2400A for short time pick up, which will clear the fault in 0.1 second; 

• Q12: 400A Terasaki type “TO400BA”, MCCB on the Incomer of the Raw Sewage Pumps SWBD Stage 2 is set 

at 400A for long time pickup and 5xIr=2000A for short time pick up, which will clear the fault in 0.1 second; 
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After determining the value of the short time pick up currents for all switchboards, we will calculate the Touch 

Voltage (Uo) on each switchboard to check compliance with Clause 5.7.4 of AS3000 for touch potential voltages. 

Shown in the Figure below are the Positive, Negative and the Earth Fault Loop Impedances on 100MA Per Unit bases 

for each circuit:  
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Figure 89: PTA Area Switchboards - One Line Diagram with Bus Bar Impedances 
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The Earth Fault Loop Impedance for the Main PTA Area Switchboard Bus 1 & 2 is Zo = 19.3 Per Unit (pu) on 100MVA 

base. In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.032Ω at the MSB01 Bus Bars and the short time protection setting of the Mains Incomer CBs set at 4000A 

to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  i.e. 

0.032x4000=131 Volts which trips in 0.1 second, the trip time for 131 Volts on Figure B4 of AS3000:2007 is 0.35 

second. Therefore, no issue exists with compliance with AS3000.  

The Earth Fault Loop Impedance on the Raw Sewage Screen SWBD 1 is Zo = 21.9 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=21.9x0.0017=0.037Ώ. So, Zs = 0.037Ω and the short time protection 

setting of the Incomer circuit breaker Q14 is set at 1500A to trip in 0.1 seconds. Therefore, Ia=1500 Amps at the 

switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.037x1500=55.8Volts 

which trips in 0.1 second. The trip time for 55.8 Volts on Figure B4 of AS3000:2007 is 4.5 sec. Therefore, the design 

with the above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Raw Sludge Pumps SWBD Stage 1 Switchboard Bus Bars is Zo = 29.8 Per Unit 

(pu) on 100MVA base. Using the above formula, the ohmic value Zs=29.8x0.0017=0.05Ώ. So, Zs = 0.05Ω and the 

short time protection setting of the Incomer circuit breaker Q11 is set at 1008A to trip in 0.1 seconds. Therefore, 

Ia=1008 Amps at the switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 

0.05x1008=51Volts which trips in 0.1 second. The trip time for 51 Volts on Figure B4 of AS3000:2007 is 5 sec. 

Therefore, the design with the above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Gallery Aeration Switchboard Bus Bars is Zo = 45.4 Per Unit (pu) on 100MVA 

base. Using the above formula, the ohmic value Zs=45.4x0.0017=0.077Ώ. So, Zs = 0.077Ω and the short time 

protection setting of the Feeder circuit breakers Q1M is set at 2400A to trip in 0.1 seconds. Therefore, Ia=2400 Amps 

at the switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.077x2400=185Volts 

which trips in 0.1 second. The trip time for 185 Volts on Figure B4 of AS3000:2007 is 0.25 sec. Therefore, the design 

with the above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Stage 2 Light & Power DB is Zo = 30.3 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=30.3x0.0017=0.051Ώ. So, Zs = 0.051Ω and the short time protection setting of 

the Feeder circuit breakers 4Q1 is set at 600A to trip in 0.1 seconds. Therefore, Ia=600 Amps at the switchboard bus 

bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.051x600=30.9Volts which trips in 0.1 

second. The trip time for 30.9 Volts on Figure B4 of AS3000:2007 is indefinite. Therefore, the design with the above 

settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Switchroom Light & Power DB is Zo = 25.9 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=25.9x0.0017=0.044Ώ. So, Zs = 0.044Ω and the short time protection 

setting of the Feeder circuit breakers 5Q1 is set at 1500A to trip in 0.1 seconds. Therefore, Ia=1500 Amps at the 

switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.044x1500=66Volts which 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 19.3x0.0017 

Zs = 0.032Ώ (Earth Fault Loop Impedance in the field) 
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trips in 0.1 second. The trip time for 66 Volts on Figure B4 of AS3000:2007 is 4 sec. Therefore, the design with the 

above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Grit Dredger Stage 1 & 2 Control Panel is Zo = 90.36 Per Unit (pu) on 

100MVA base. Using the above formula, the ohmic value Zs=90.36x0.0017=0.153Ώ. So, Zs = 0.153Ω and the short 

time protection setting of the Feeder circuit breakers 6Q1 & 16Q1 are set at 600A to trip in 0.1 seconds. Therefore, 

Ia=600 Amps at the switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 

0.153x600=92 Volts which trips in 0.1 second. The trip time for 92 Volts on Figure B4 of AS3000:2007 is 0.5 sec. 

Therefore, the design with the above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

8.3.1 Arc Flash Evaluation of New 415V Main Auxiliaries Switchboards  

The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the new 415V Main 

Auxiliaries Switchboard and its downstream switchboards:    

 

Figure 90 - 415V Main PTA Area and Downstream Switchboards Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V Main PTA Switchboards is level 0 at the Switchboards Busbars. The arc flash 

category on all of the downstream switchboards is Cat.0. The following labels are recommended to be shown on the 

switchboard's front door for PPE Requirements:  
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Figure 91- 415V PTA Area Switchboards Arc Flash Labels 

 

The 415V Primary Treatment Area Switchboard provides power supply to the following downstream 415V 

Switchboards: 

• 415V 3 Phase Feeders to Raw Sewage Screens Switchboards 1&2; 

• 415V 3 Phase Feeders to Raw Sludge Pumps Stage 1&2 Switchboards; 

• 415V 3 Phase Feeder to Gallery Aeration Switchboard; 

• 415V 3 Phase Feeder to Stage 2 Light & Power DB; 

• 415V 3 Phase Feeder to Switchroom Light & Power DB; 

• 415V 3 Phase Feeder to Grit Dredger Control Panels 1&2; 

• 415V 3 Phase Feeder to the Under Screen Area DB; 

• 415V 3 Phase Feeder to the Primary Tank SWBD.  

On the above figures the arc flash labels for each of these switchboards have been provided and shows all of these 

downstream switchboards are Cat.0 for PPE requirements. In the following sections, the power system analysis and 

protection coordination studies are presented for each of these sub-switchboards:  
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8.4 Power System Analysis of Raw Sewage Screens Switchboards 1&2   

Figures on the following pages provide the following system characteristics for the Raw Sewage Screens new 

Switchboards 1&2 that will be used in this report for carrying out the studies: 

• Max Demand - Maximum demand load of the Raw Sewage Screens Switchboard 1: 

16.7kW (30A);   

• Max Demand - Maximum demand load of the Raw Sewage Screens Switchboard 2: 

13.8kW (25A);   

• Voltage Drop: as shown on the one line diagrams, there is no voltage drop issue on the Raw Sewage Screens 

new Switchboards 1&2.     

• Fault Levels:  

3 phase fault level on the Raw Sewage Screens Switchboard 1 busbars  is 12.005kA; 

1 phase to ground fault level is 9.254kA. 

3 phase fault level on the Raw Sewage Screens Switchboard 2 busbars  is 11.990kA; 

1 phase to ground fault level is 8.953kA. 

The Raw Sewage Screens new Switchboard 1 incorporates the following protection devices which are shown on the 

following one line diagrams: 

• Q14 : 250A Terasaki type “S250GJ”, MCCB on the Incomer to Raw Sewage Screen Switchboard 1; 

• MTSC-0210-001-Q1 : 20A Terasaki type “E125NJ”, MCCB 

• MTBR-0210-001-Q2 : 20A Terasaki type “E125NJ”, MCCB 

• MTWPR-0220-001-Q5 : 32A Terasaki type “E125NJ”, MCCB 

• MTBN-0220-001-Q6 : 20A Terasaki type “E125NJ”, MCCB 

• DB-Q12 : 63A Terasaki type “E125NJ”, MCCB 

• DB-Q13 : 32A Terasaki type “E125NJ”, MCCB 

The Raw Sewage Screen new Switchboard 2 incorporates the following circuit breakers: 

• Q16 : 63A Terasaki type “E125NJ”, MCCB on the Incomer to Raw Sewage Screen Switchboard 2; 

• MTSC-0210-002-Q1  : 20A Terasaki type “E125NJ”, MCCB 

• MTBR-0210-002-Q2 : 20A Terasaki type “E125NJ”, MCCB 

• MTWPR-0220-002-Q5 : 32A Terasaki type “E125NJ”, MCCB 

• MTBN-0220-002-Q6 : 20A Terasaki type “E125NJ”, MCCB 

• DB-Q14 : 20A Terasaki type “E125NJ”, MCCB 

The protection coordination procedure for these MCCs will be carried out as follows: 

• The Incomer MCCBs Q11 and Q16 have already been coordinated with their upstream MCCBs located in the 

PTA Area Main Switchboard as shown on the previous section. These MCCBs will now be coordinated with 

the largest MCCB on the starter circuits and then all smaller MCCBs will be coordinated and plotted on TCCs 

to ensure discrimination with the Main Incomer is maintained. 
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8.4.1 One Line Diagrams of Raw Sewage Screens Switchboards 1&2 

Shown on following diagrams are the details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault 

Currents for the Raw Sewage Screens Switchboards 1&2: 
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Figure 92 – Raw Sewage Screens Switchboards 1 &2 –One Line Diagram with Input Data 
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Figure 93 – Raw Sewage Screens Switchboards 1 &2  –One Line Diagram with Load Flow and Voltage Drop 
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Figure 94 - Raw Sewage Screens Switchboards 1 &2  –One Line Diagram with Short Circuit Fault Currents 
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8.4.2 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Raw Sewage Screens Switchboard 1 and its Busbars. The 

protection device settings required to achieve the protection co-ordination shown on the TCC diagram are 

provided on the following pages. 

 

Figure 95: Raw Sewage Screens Switchboard 1 Incomer & Largest CB Protection - TCC 

The Raw Sewage Screens Switchboard 1 Feeder cable P01 (95mm², 4C+E PVC), with a current-carrying 

capacity of 215A and maximum demand load of 30A, is protected by an 250A Incomer MCCB set at 200A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=30≤In=200≤Iz=215A. No issue exists with sizing of fuses and cable for the demand load. 

Shown on the below TCC are the smaller protection MCCBs which are coordinated with the upstream 

MCCB for the calculated faults and no issue is found on the settings as shown.  
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Figure 96 - Raw Sewage Screens Switchboard 1 Incomer & Smaller Drives CB Protection - TCC 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Raw Sewage Screens Switchboard 2 and its Busbars. The 

protection device settings required to achieve the protection co-ordination shown on the TCC diagram are 

provided on the following pages. 
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Figure 97: Raw Sewage Screens Switchboard 1 Incomer & Largest CB Protection - TCC 

The Raw Sewage Screens Switchboard 2 Feeder cable P04 (50mm², 4C+E PVC), with a current-carrying 

capacity of 175A and maximum demand load of 25A, is protected by an 63A Incomer MCCB set at 63A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=25≤In=63≤Iz=175A. No issue exists with sizing of fuses and cable for the demand load. 

8.4.2.1 Protection Device Setting Parameters for Raw Sewage Screens Switchboards 1&2  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report: 
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 Project Name:      LUGGAGE 

 ----------------------------------------------------------------------------------------- 

 Device Name:     MTSC-0210-001-Q1                          TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       12005.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            20A 

 Setting: 1) Ir, (0.63-1 x T)       0.63         (12.6A) 

          2) Ii, (6-12.5)           12.5         (250A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     MTBR-0210-001-Q2                          TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       12005.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            20A 

 Setting: 1) Ir, (0.63-1 x T)       0.63         (12.6A) 

          2) Ii, (6-12.5)           12.5         (250A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     MTWPR-0220-001-Q5                         TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       12005.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (0.63-1 x T)       1            (32A) 

          2) Ii, (6-12.5)           12.5         (400A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     MTBN-0220-001-Q6                          TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       12005.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            20A 

 Setting: 1) Ir, (0.63-1 x T)       0.63         (12.6A) 

          2) Ii, (6-12.5)           12.5         (250A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     MTWPR-0220-003-Q6                         TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       12005.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (0.63-1 x T)       1            (32A) 

          2) Ii, (6-12.5)           12.5         (400A) 

  

 ----------------------------------------------------------------------------------------- 
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 Device Name:     MTBN-0220-003-Q7                          TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       12005.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            20A 

 Setting: 1) Ir, (0.63-1 x T)       0.63         (12.6A) 

          2) Ii, (6-12.5)           12.5         (250A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     DB-Q12                                    TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       12005.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            63A 

 Setting: 1) Ir, (0.63-1 x T)       1            (63A) 

          2) Ii, (6-12.5)           12.5         (787.5A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     DB-Q13                                    TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       12005.1A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (0.63-1 x T)       1            (32A) 

          2) Ii, (6-12.5)           12.5         (400A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     -Q14                                      TCC Name:         tcc57.tcc 

 Bus Name:        RAW SEWAGE SCREEN SWB1                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            S250-GJ                                                       

 AIC Rating:      65kA                                      Fault Duty:       12005.1A 

 Frame:           S250-GJ 690V 250A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            250A 

 Setting: 1) Ir, (0.63-1 x T)       0.8          (200A) 

          2) Ii, (6-13)             6            (1500A) 

  

----------------------------------------------------------------------------------------- 

 

8.4.2.2 AS3000: 2007 Compliance Check of Raw Sewage Screens Switchboards 1&2   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• Q14: 250A Terasaki type “S250GJ”, MCCB on the Incomer of the Raw Sewage Screen SWBD1 is set 

at 200A for long time pickup and 6xIn=1500A for short time pick up, which will clear the fault in 0.1 

second; 
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• Q16: 63A Terasaki type “E125NJ”, MCCB on the Incomer of the Raw Sewage Screen SWBD2 is set 

at 63A for long time pickup and 12.5xIn=787.5A for short time pick up, which will clear the fault in 

0.1 second; 

• On the starter panels: 63A Terasaki type “E125NJ”, MCCBs set at 12.5xIn=787.5A for short time 

pick up, which will clear the fault in 0.1 second; 

• On the starter panels: 32A Terasaki type “E125NJ”, MCCBs set at 12.5xIn=400A for short time pick 

up, which will clear the fault in 0.1 second; 

• On the starter panels: 20A Terasaki type “E125NJ”, MCCBs set at 12.5xIn=250A for short time pick 

up, which will clear the fault in 0.1 second; 

• For each size of MCCB, the highest earth fault loop impedance will be selected to calculate the 

worst touch voltage on these switchboards.   

After determining the values of Ia for all equipment on these switchboards, we need to calculate the value 

of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages. Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 

100MA Per Unit bases for all equipment:   
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Figure 98: Raw Sewage Screens Switchboards 1&2 - One Line Diagram with Bus Bar Impedances
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WASH PRESS MOTOR 1
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Z2 32.0714 pu
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DB-Q12
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ACTUATOR,LIGHTING&POWER DB
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BUS-0225

MTBR-0210-002-P01

MTBR-0210-002-Q2

SCREEN DRIVE 2 BRUSH
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Z2 34.2629 pu

Zo  58.4180 pu

MTBR-0210-004-P01

EQ SCREEN DRIVE 4,6&8BRUSHx1.1

BUS-0362

Z1 18.2708 pu

Z2 18.2708 pu

Zo  33.4887 pu

MTWPR-0220-002-P01

MTWPR-0220-002-Q5

WASH PRESS MOTOR 2 7.5kW

BUS-0363

Z1 33.1782 pu

Z2 33.1782 pu

Zo  58.4179 pu

MTBN-0220-002-P01

MTBN-0220-002-Q6

STORAGE BIN 2

BUS-0364

Z1 34.2017 pu

Z2 34.2017 pu

Zo  58.4179 pu

DB-P03

DB-Q14

BUS-0365

Z1 22.1917 pu

Z2 22.1917 pu

Zo  39.6555 pu

110VAC CONTROL DB
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The Earth Fault Loop Impedance on the Raw Sewage Screens Switchboard 1 Bus Bars is Zo = 21.9 Per Unit (pu) on 

100MVA base. In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.037 and the short time protection setting of the main incomer Q10 is 1500A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.037x1500=55.8 Volts which trips in 0.1 seconds. The trip time for 55.8 Volts on Figure 

B4 of AS3000:2007 is 4.5 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Raw Sewage Screen SWBD 2 is Zo = 19.3 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=19.3x0.0017=0.032Ώ. So, Zs = 0.032Ω and the short time protection 

setting of the Incomer circuit breaker Q16 is set at 787.5A to trip in 0.1 seconds. Therefore, Ia=787.5 Amps at the 

switchboard bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.032x787.5=25Volts which 

trips in 0.1 second. The trip time for 12.4 Volts on Figure B4 of AS3000:2007 is indefinite. Therefore, the design with 

the above settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 63A MCCB supplied circuit is 37 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=37x0.0017=0.062Ώ.  So, Zs =0.062Ω and the short time protection setting of 

the circuit breaker is a fixed value of 63A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is 

verified as follows:  0.062x787.5=49.5Volts which trips in 0.1 second. The trip time for 49.5 Volts on Figure B4 of 

AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 32A MCCB supplied circuit is 58.4 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=58.4x0.0017=0.099Ώ.  So, Zs =0.099Ω and the short time protection 

setting of the circuit breaker is a fixed value of 400A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0.099x400=39.7Volts which trips in 0.1 second. The trip time for 39.7 Volts on 

Figure B4 of AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the VSD supplied circuits is infinite due to being controlled by VSDs. The touch 

voltage on the field terminal box of these blowers will be zero. Therefore, the design with the above settings meets 

touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 20A supplied MCCB circuits is 58.4 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=58.4x0.0017=0.099Ώ.  So, Zs =0.099Ω and the short time protection 

setting of the HRC fuse is a fixed value of 250A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of 

AS3000 is verified as follows:  0.099x250=24.8Volts which trips in 0.1 second. The trip time for 24.8 Volts on Figure 

B4 of AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements 

of Clause 5.7.4 of AS3000:2007. 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 21.9x0.0017 

Zs = 0.037Ώ (Earth Fault Loop Impedance in the Switchboard) 
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8.4.2.3 Arc Flash Evaluation of Raw Sewage Screens Switchboards 1&2  

 Refer to Section 4.3.1 for the Arc Flash Evaluation and label of the Raw Sewage Screens Switchboards 1 &2.  

8.5 Power System Analysis of Raw Sludge Pumps Switchboards 1&2   

Figures on the following pages provide the following system characteristics for the Raw Sludge Pumps Switchboards 

1 &2 that will be used in this report for carrying out the studies: 

• Max Demand - Maximum demand load of the Raw Sludge Pumps Switchboard 1: 

34.6kW (62A);   

• Max Demand - Maximum demand load of the Raw Sludge Pumps Switchboard 2: 

38.3kW (68A);   

• Voltage Drop: as shown on the one line diagrams, there is no voltage drop issue on the Raw Sludge Pumps 

Switchboards 1&2.     

• Fault Levels:  

3 phase fault level on the Raw Sludge Pumps Switchboard 1 busbars is 9.131kA; 

1 phase to ground fault level is 6.916kA. 

3 phase fault level on the Raw Sludge Pumps Switchboard 2 busbars  is 5.412kA; 

1 phase to ground fault level is 3.825kA. 

The Raw Sludge Pumps Stage 1 Switchboard incorporates the following circuit breakers: 

• -Q11 : 400A Terasaki type “XS400NE”, MCCB on the Incomer to Raw Sludge Pumps Stage 1 Switchboard; 

• RAW SLUDGE PU1, PU2, PU3 &PU4 -Q01, Q02, Q03 &Q04 : 125A Terasaki type “XS125NJ”, MCCB 

• SUMP PUMP-Q06 : 8A Terasaki Caplet type “TP50” 

The Raw Sludge Pumps Stage 2 Switchboard incorporates the following circuit breakers: 

• Q12 : 400A Terasaki type “TG-400B” (No Adjustment), MCCB on the Incomer to Raw Sludge Pumps Stage 2 

Switchboard; 

• RAW SLUDGE PU5 & PU6 -Q10 &Q11 : 100A Terasaki type “TG-100B” (No Adjustment) 

• SIDE CONSENTRATOR 5 &6 -Q12&Q13 : Terasaki type “E125NJ”with 32A trip unit 

• TELESCOPIC VALVE 5A-Q14 : 4A Terasaki Caplet type “TP50/4” 

• PRIMARY SCRAPER 5 &6 -Q15&Q16 : Terasaki Caplet type “TP50/2.5” 

The protection coordination procedure for these MCCs will be carried out as follows: 

• The Incomer MCCBs -Q11 and Q12 have already been coordinated with their upstream MCCBs located in the 

PTA Area Main Switchboard as shown on the previous section. These MCCBs will now be coordinated with 

the largest MCCB on the starter circuits and then all smaller MCCBs will be coordinated and plotted on TCCs 

to ensure discrimination with the Main Incomer is maintained. 

8.5.1 One Line Diagrams of Raw Sludge Pumps Switchboards 1&2 

Shown on following diagrams are the details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault 

Currents for the Raw Sludge Pumps Switchboards 1&2: 
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Figure 99 – Raw Sludge Pumps Switchboards 1 &2 –One Line Diagram with Input Data 
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Figure 100 – Raw Sludge Pumps Switchboards 1 &2  –One Line Diagram with Load Flow and Voltage Drop 
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Figure 101 - Raw Sludge Pumps Switchboards 1 &2  –One Line Diagram with Short Circuit Fault Currents 
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8.5.2 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Raw Sludge Pumps Switchboard 1 and its Busbars. The 

protection device settings required to achieve the protection co-ordination shown on the TCC diagram are 

provided on the following pages. 

 

Figure 102: Raw Sludge Pumps Switchboard 1 Incomer & Largest CB Protection - TCC 

The Raw Sludge Pumps Switchboard 1 Feeder cable P02 (185mm², 4C+E PVC), with a current-carrying 

capacity of 321A and maximum demand load of 62A, is protected by an 400A Incomer MCCB set at 256A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=62≤In=256≤Iz=321A. No issue exists with sizing of fuses and cable for the demand load. 
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Shown on the below TCC are the smaller protection MCCBs which are coordinated with the upstream 

MCCB for the calculated faults and no issue is found on the settings as shown.  

 

Figure 103 - Raw Sludge Pumps Switchboard 1 Incomer & Smaller Drives CB Protection - TCC 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Raw Sludge Pumps Switchboard 2 and its Busbars. The 

protection device settings required to achieve the protection co-ordination shown on the TCC diagram are 

provided on the following pages. 
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Figure 104: Raw Sludge Pumps Switchboard 1 Incomer & Largest CB Protection - TCC 

The Raw Sludge Pumps Switchboard 2 Feeder cable P05 (2x25mm², 4C+E PVC), with a current-carrying 

capacity of 264A and maximum demand load of 68A, is protected by a 400A Incomer MCCB set at 400A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=68≤In=400≤Iz=264A. The selected cable of 2x25mmsq is undersized for the selected 400A 

MCCB. The size of this cable requires site verification.  
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8.5.2.1 Protection Device Setting Parameters for Raw Sludge Pumps Switchboards 1&2  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report: 
  

 

 Project Name:      LUGGAGE 

 

  ----------------------------------------------------------------------------------------- 

 Device Name:     SUMP PUMP-Q06                             TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 1                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       9130.9A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            8A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     RAW SLUDGE PU1-Q01                        TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 1                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     125A Frame 

 Type:            XS125NJ                                                       

 AIC Rating:      25kA ShortTime:22                         Fault Duty:       9130.9A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            125A 

 Setting: 1) Overload                             

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     -Q11                                      TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 1                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            XS400NE                                                       

 AIC Rating:      50kA                                      Fault Duty:       9130.9A 

 Frame:           XS400NE 415V 400A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:              

 Setting: 1) Io                     0.8          (320A) 

          2) I1                     0.8          (256A) 

          3) T1                     10.0         

          4) I2                     6            (1920A) 

          5) T2                     0.1          

          6) I3                     7.46          (2387.2A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     RAW SLUDGE PUMP5-Q10                      TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     75&100 AMP 

 Type:            TG-100B                                                       

 AIC Rating:      56kA                                      Fault Duty:       5412.5A 

 Frame:           TG-100B 415V 100A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            100A 

 Setting: 1) Opening Clearing Cur                 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     RAW SLUDGE PUMP6-Q11                      TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 
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 Description:     75&100 AMP 

 Type:            TG-100B                                                       

 AIC Rating:      56kA                                      Fault Duty:       5412.5A 

 Frame:           TG-100B 415V 100A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            100A 

 Setting: 1) Opening Clearing Cur                 

  

----------------------------------------------------------------------------------------- 

 Device Name:     SIDE CONSEN-Q12                           TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       5412.5A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (0.63-1 x T)       0.63         (20.2A) 

          2) Ii, (6-12.5)           12.5         (400A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SIDE CONSEN-Q13                           TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     63-125A 

 Type:            E125-NJ, S125-NJ                                              

 AIC Rating:      0kA                                       Fault Duty:       5412.5A 

 Frame:           E125-NJ 415V 125A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (0.63-1 x T)       0.63         (20.2A) 

          2) Ii, (6-12.5)           12.5         (400A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     TELESCOPIC VALVE 5A-Q14                   TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       5412.5A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     PRIMARY SCRAPER 5-Q15                     TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       5412.5A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            3A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     PRIMARY SCRAPER 6-Q16                     TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       5412.5A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 
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 Trip:            4A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     -Q12                                      TCC Name:         tcc61.tcc 

 Bus Name:        RAW SLUDGE PUMPS STAGE 2                  Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     200-400A 

 Type:            TO400BA                                                       

 AIC Rating:      30kA                                      Fault Duty:       5412.5A 

 Frame:           TO400BA 415V 400A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            400A 

 Setting: 1) LTD                                  

          2) INST                   5.0          (2000A) 

 ----------------------------------------------------------------------------------------- 

 

8.5.2.2 AS3000: 2007 Compliance Check of Raw Sludge Pumps Switchboards 1&2   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• -Q11: 400A Terasaki type “XS400NE”, MCCB on the Incomer of the Raw Sludge Pumps SWBD1 is 

set at 256A for long time pickup and 6xIo=1920A for short time pick up, which will clear the fault in 

0.1 second; 

• Q12: 400A Terasaki type “TO400BA”, MCCB on the Incomer of the Raw Sludge Pumps SWBD2 is set 

at fixed 400A for long time pickup and 5xIn=2000A for short time pick up, which will clear the fault 

in 0.1 second; 

• On the starter panels: 125A Terasaki type “XS125NJ”, MCCBs set at 10xIn=1250A for short time 

pick up, which will clear the fault in 0.1 second; 

• On the starter panels: 32A Terasaki type “E125NJ”, MCCBs set at 12.5xIn=400A for short time pick 

up, which will clear the fault in 0.1 second; 

• For each size of MCCB, the highest earth fault loop impedance will be selected to calculate the 

worst touch voltage on these switchboards.   

After determining the values of Ia for all equipment on these switchboards, we need to calculate the 

values of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages. Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 

100MA Per Unit bases for all equipment:   
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Figure 105: Raw Sludge Pumps Switchboards 1&2 - One Line Diagram with Bus Bar Impedances
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The Earth Fault Loop Impedance on the Raw Sludge Pumps Switchboard 1 Bus Bars is Zo = 29.9 Per Unit (pu) on 

100MVA base. In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.05 and the short time protection setting of the main incomer Q10 is 1920A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.05x1920=97 Volts which trips in 0.1 seconds. The trip time for 97 Volts on Figure B4 of 

AS3000:2007 is 0.4 sec. Therefore, the design with the above settings meets touch potential requirements of Clause 

5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the Raw Sludge Pump SWBD 2 is Zo = 58.5 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=58.5x0.0017=0.099Ώ. So, Zs = 0.099Ω and the short time protection setting of 

the Incomer circuit breaker Q12 is set at 2000A to trip in 0.1 seconds. Therefore, Ia=2000 Amps at the switchboard 

bus bars, and compliance with Clause 5.7.4 of AS3000 is verified as follows: 0.099x2000=199 Volts which trips in 0.1 

second. The trip time for 199 Volts on Figure B4 of AS3000:2007 is 0.2 sec. Therefore, the design with the above 

settings meets touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the Raw Sludge Pump 100A MCCB supplied circuit is 74 Per Unit (pu) on 

100MVA base. Using the above formula, the ohmic value Zs=74x0.0017=0.125Ώ.  So, Zs =0.1252Ω and the short time 

protection setting of the circuit breaker is a fixed value of 1000A to trip in 0.1 seconds. Therefore, compliance with 

Clause 5.7.4 of AS3000 is verified as follows:  0.125x1000=125 Volts which trips in 0.1 second. The trip time for 125 

Volts on Figure B4 of AS3000:2007 is 0.35 sec. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

8.5.2.3 Arc Flash Evaluation of Raw Sludge Pumps Switchboard  

 Refer to Section 4.3.1 for the Arc Flash Evaluation and label of the Raw Sludge Pumps Switchboard 1.  

  

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 29.9x0.0017 

Zs = 0.05Ώ (Earth Fault Loop Impedance in the Switchboard) 
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9 LUGGAGE POINT STP – SUBSTATION S7 & 415V RAS 2 SWITCHBOARD POWER SYSTEM 

ANALYSIS 

11kV power supply to the 415V RAS Switchboard is fed from the 11kV Ring Substation S7 via two feeders:  

• Feeder 21 connected to upstream 11kV Substation S5; 

• Feeder 35 connected to downstream 11kV Substation S10 

The Substation S7 comprises off one 300kVA, 11kV/415V transformer feeding RAS 2 Switchboard.  

The following system data are applicable for each component of Substation S7 and 415V Switchboard: 

11kV Substation S7: 

• Max Demand - Maximum demand load of Substation S7 is: 

Load on XF2-0015 Transformer feeding RAS 2 SWBD: 60.0kW (107A);   

• Voltage Drop: there is no issue with voltage drop on the Substation S7 and 415V RAS Switchboard.  

• Fault Levels on the Substation S7 and 415V RAS Switchboard:  

3 phase fault level on the RAS SWBD is: 9.480kA; 

1 phase to ground fault level on the RAS SWBD is: 9.267kA; 

The RAS 2 Switchboard incorporates the following circuit breakers: 

• RAS-Q01 : 630A Terasaki type “XS630”, MCCB on the Incomer RAS 2; 

• RAS-Q02 : 50A Terasaki Caplet type “TP50” 

• RAS-Q08 : 50A Terasaki Caplet type “TP50” 

• RAS-Q03 : 4A Terasaki Caplet type “TP50” 

• RAS-Q09 : 4A Terasaki Caplet type “TP50” 

• RAS-Q06 : 4A Terasaki Caplet type “TP50” 

• RAS-Q07 : 4A Terasaki Caplet type “TP50” 

• OUTLET VALVE RV9-Q10 : 4A Terasaki Caplet type “TP50” 

The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S7 and 415V RAS 2 Switchboard.  
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Figure 106 – Substation S7 & RAS 2 Switchboard –One Line Diagram with Input Data 
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Figure 107 – Substation S7 & RAS 2 Switchboard –One Line Diagram with Load Flow and Voltage Drop 
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Figure 108 - Substation S7 & RAS 2 Switchboard –One Line Diagram with Short Circuit Fault Currents
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9.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the HV side of the transformer and LV Incomer in the RAS 2 SWBD and its Busbars. 

The protection device settings required to achieve the protection co-ordination shown on the TCC diagram 

are provided on the following pages. 

 

Figure 109: RAS 2 SWBD Incomer & HV Fuses Protection - TCC 

The RAS 2 SWBD Feeder cable CBL-0053 (2x185mm², 4C+E PVC), with a current-carrying capacity of 642A 

and maximum demand load of 107A, is protected by a 630A Incomer MCCB set at 396.9A. Compliance with 
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the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as follows: 

Ib=107≤In=396.9≤Iz=642A. No issue exists with sizing of fuses and cable for the demand load. 

Shown on the below TCC are the largest HRC Fuses on the feeders which are coordinated with the 

upstream MCCB for the calculated faults and no issue is found on the settings as shown.  

 

Figure 110 - RAS 2 SWBD Incomer & HRC Fuses Protection - TCC 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the RAS 2 Switchboard and its Busbars. The protection device 
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settings required to achieve the protection co-ordination shown on the TCC diagram are provided on the 

following pages. 

 

Figure 111: RAS 2 SWBD Incomer & Largest Drive CB Protection - TCC 

9.1.1.1 Protection Device Setting Parameters for RAS 2 Switchboard  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report:  
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 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

100 A

9480 A

0.5 1 10 100 1K 10K 100K 1M
0.01

0.10

1

10

100

1000

CURRENT IN AMPERES

tcc64.tcc   Ref. Voltage: 415V   Current in Amps x 1   

T
IM

E
 IN

 S
E

C
O

N
D

S

RAS PUMP4 22kW

RAS PUMP4-P1

TERASAKI  
XS630SE -Ver2  
XS630NE  
Trip 630.0 A
Settings Phase
   Io 0.63 (396.9A)  
   I1 1.00 (396.9A)  
   T1 10.0  
   I2 6 (2381.4A)  
   T2 0.15  
   I3 10.43 (4139.67A)  

630A RAS-Q01

TERASAKI  
TP-50  
CAPLET 50  
Trip 50.0 A
Settings Phase
   Thermal-Mag Curve   

50A RAS-Q02

TERASAKI  
TP-50  
CAPLET 50  
Trip 50.0 A
Settings Phase
   Thermal-Mag Curve   

50A RAS-Q08

RAS PUMP4 22kW

RAS PUMP4-P1

TERASAKI  
XS630SE -Ver2  
XS630NE  
Trip 630.0 A
Settings Phase
   Io 0.63 (396.9A)  
   I1 1.00 (396.9A)  
   T1 10.0  
   I2 6 (2381.4A)  
   T2 0.15  
   I3 10.43 (4139.67A)  

630A RAS-Q01

TERASAKI  
TP-50  
CAPLET 50  
Trip 50.0 A
Settings Phase
   Thermal-Mag Curve   

50A RAS-Q02

TERASAKI  
TP-50  
CAPLET 50  
Trip 50.0 A
Settings Phase
   Thermal-Mag Curve   

50A RAS-Q08



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 202 of 372 

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     50A RAS-Q02                               TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       9479.9A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            50A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     50A RAS-Q08                               TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       9479.9A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            50A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     4A RAS-Q03                                TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       9479.9A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     4A RAS-Q09                                TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       9479.9A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     4A RAS-Q06                                TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       9479.9A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     4A RAS-Q07                                TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 
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 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       9479.9A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     4A OUTLET VALVE RV9-Q10                   TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       9479.9A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Thermal-Mag Curve                    

  

----------------------------------------------------------------------------------------- 

 Device Name:     160A L&P                                  TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       9479.9A 

 Cartridge:       160 & 100M160 415V 160A                   Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            160A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     160A SECURE POWER                         TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       9479.9A 

 Cartridge:       160 & 100M160 415V 160A                   Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            160A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     25A CONTROL SUPPLY                        TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     2-32A, IEC 

 Type:            HRC, SA2 & SN2                                                

 AIC Rating:      80kA                                      Fault Duty:       9479.9A 

 Cartridge:       25&20M25 415V 25A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            25A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     630A RAS-Q01                              TCC Name:         tcc65.tcc 

 Bus Name:        RAS 2 SWBD                                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            XS630SE -Ver2                                                 

 AIC Rating:      50kA                                      Fault Duty:       9479.9A 

 Frame:           XS630NE 415V 630A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          630A 

 Plug:              

 Setting: 1) Io                     0.63         (396.9A) 

          2) I1                     1.00         (396.9A) 

          3) T1                     10.0         
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          4) I2                     6            (2381.4A) 

          5) T2                     0.15         

          6) I3                     10.43         (4139.7A) 

 ----------------------------------------------------------------------------------------- 

  

9.1.1.2 AS3000: 2007 Compliance Check of RAS 2  Switchboard   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• RAS-Q01: 630A Terasaki type “XS630NE”, MCCB on the Incomer of the RAS 2 SWBD is set at 396.9A 

for long time pickup and 6xIr=2381.4A for short time pick up, which will clear the fault in 0.15 

second; 

• RAS-Q02 & Q08: 50A Terasaki type “CAPLET 50”, MCCB on the RAS Pumps starters are fixed 50A 

for long time pickup and 10xIn=500A for short time pick up, which will clear the fault in 0.1 second; 

• RAS-Q03, Q06,Q07,Q09 & Q10: 4A Terasaki type “CAPLET 4”, MCCB on the small drives are fixed 

4A for long time pickup and 10xIn=40A for short time pick up, which will clear the fault in 0.1 

second; 

• 160A HRC Fuses on the supply to DB loads are fixed 160A for long time pick up and 10xIn=1600A 

for short time pick up, which will clear the fault in 0.1 second; 

• 25A HRC Fuses on the supply to DB loads are fixed 25A for long time pick up and 10xIn=250A for 

short time pick up, which will clear the fault in 0.1 second; 

•   

After determining the values of Ia for all equipment on these switchboards, we need to calculate the value 

of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages. Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 

100MA Per Unit bases for all equipment:   
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Figure 112: RAS 2 Switchboard - One Line Diagram with Bus Bar Impedances

SUMP PUMP 11&12 PUT IN STBY
4 FST SCRAPERS ALL RUNNING

AT 50% VSD LOAD

THEN FST 9&10 PUT

AS FULL LOAD FST 11&12 AS STBY

RAS PUMP 6 IN STBY
EQUALANT OF 5 VALVE & 
BASIN ROTORK ACTUATOR

S7-RAS

Z1 1.0975 pu

Z2 1.0975 pu
Zo  11.4485 pu

FDR 34

BUS-0049

S

XF2-0015

RAS 2 SWBD

Z1 14.6753 pu

Z2 14.6753 pu
Zo  15.6966 pu

FDR 35
FDR 21

S10-NIT RMVL

Z1 1.1107 pu

Z2 1.1107 pu

Zo  11.4939 pu

S5-PRIM RMU1

Z1 1.0398 pu

Z2 1.0398 pu
Zo  11.2470 pu

CBL-0053

630A RAS-Q01

BUS-0145

RAS PUMP4-P1

50A RAS-Q02

RAS PUMP4 22kW

BUS-0136

Z1 410.8485 pu

Z2 410.8485 pu

Zo  673435072.0000 pu

SUMP PUMP9-P01

4A RAS-Q06

SUMP PUMP9

BUS-0144

Z1 22.6086 pu

Z2 22.6086 pu
Zo  29.7422 pu

SUMP PUMP10-P01

4A RAS-Q07

SUMP PUMP10

BUS-0150

Z1 22.6086 pu
Z2 22.6086 pu

Zo  29.7422 pu

L&P DB LOAD

VSD29

RAS PUMP5-P1

50A RAS-Q08

RAS PUMP5

BUS-0212

Z1 410.8485 pu

Z2 410.8485 pu

Zo  673435072.0000 pu

VSD30

FST9-SR9-P01

4A RAS-Q03

FST9 SCRAPER

BUS-0137

Z1 13293.7227 pu

Z2 13293.7227 pu

Zo  673435072.0000 pu

VSD31

FST10-SR10-P01

4A RAS-Q09

FST10 SRAPER

BUS-0213

Z1 13293.7227 pu

Z2 13293.7227 pu
Zo  673435072.0000 pu

VSD32

OUTLET VALVE RV9-P01

4A OUTLET VALVE RV9-Q10

OUTLET VALVE RV9

BUS-0214

Z1 22.6208 pu
Z2 22.6208 pu

Zo  29.7422 pu

EQ 5xOUTLET VALV-P01

EQ 5xOUTLET VALV

BUS-0215

Z1 15.8702 pu
Z2 15.8702 pu

Zo  17.7639 pu

FDR34-50A

L&P-P01

160A L&P

L&P DB

Z1 23.0238 pu
Z2 23.0238 pu

Zo  30.1809 pu

SECURE POWER DB LOAD

SECURE POWER-P01

160A SECURE POWER

SECURE POWER DB
Z1 23.0238 pu

Z2 23.0238 pu

Zo  30.1809 pu

CONTROL SUPPLY LOAD

CONTROL SUPPLY-P01

25A CONTROL SUPPLY

CONTROL SUPPLY DB

Z1 23.0238 pu
Z2 23.0238 pu

Zo  30.1809 pu
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The Earth Fault Loop Impedance on the RAS 2 SWBD Bus Bars is Zo = 15.7 Per Unit (pu) on 100MVA base. In order to 

calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.026 and the short time protection setting of the main incomer Q01 is 2381.4A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.026x2381.4=63.5 Volts which trips in 0.1 seconds. The trip time for 63.5 Volts on Figure 

B4 of AS3000:2007 is 4 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the RAS Pumps Field Terminal Box is infinity due to being controlled by VSD, 

therefore their touch voltage would be zero and design with the above settings meets touch potential requirements 

of Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 4A MCB supplied circuit is 29.74 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=29.74x0.0017=0.05Ώ.  So, Zs =0.05Ω and the short time protection 

setting of the circuit breaker is a fixed value of 40A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of 

AS3000 is verified as follows:  0.05x40=20 Volts which trips in 0.1 second. The trip time for 20 Volts on Figure B4 of 

AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 160A HRC fed DB is 30.18 Per Unit (pu) on 100MVA base. Using the 

above formula, the ohmic value Zs=30.18x0.0017=0.051Ώ.  So, Zs =0.051Ω and the short time protection setting of 

the fuse is a fixed value of 1600A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is verified 

as follows:  0.051x1600=82Volts which trips in 0.1 second. The trip time for 82 Volts on Figure B4 of AS3000:2007 is 

3 sec. Therefore, the design with the above settings meets touch potential requirements of Clause 5.7.4 of 

AS3000:2007. 

9.1.1.3 Arc Flash Evaluation of RAS 2 Switchboard  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the 415V RAS 2 

Switchboard and its downstream DBs:    

 

Figure 113 - RAS 2 Switchboard Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V RAS 2 Switchboard is Cat. 1 at the Switchboards Busbars. The arc flash category 

on all of the downstream DBs is Cat.0. The following label is recommended to be shown on the switchboard's front 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 15.7x0.0017 

Zs = 0.026Ώ (Earth Fault Loop Impedance in the Switchboard) 
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Figure 114- 415V RAS 2 Switchboard Arc Flash Labels 
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10 LUGGAGE POINT STP – SUBSTATION S10 & 415V NITROGEN REMOVAL 5&6 SWITCHBOARD  

POWER SYSTEM ANALYSIS 

11kV power supply to the 415V Nitrogen Removal 5&6 Switchboard  is fed from the 11kV Ring Substation S10 via 

two feeders:  

• Feeder 35 connected to upstream 11kV Substation S7; 

• Feeder 37 connected to downstream 11kV Substation S9 

The Substation S10 comprises off one 300kVA, 11kV/415V transformer feeding Nitrogen Removal 5&6 Switchboard.  

The following system data are applicable for each component of Substation S10 and 415V Switchboard: 

11kV Substation S10: 

• Max Demand - Maximum demand load of Substation S10 is: 

Load on XF2-0014 Transformer feeding Nitrogen Removal 5&6 SWBD: 166.6kW; 

  Making maximum demand load of the Switchboard is: 164.7kW (299A);  

• Voltage Drop: there is no issue with voltage drop on the Substation S10 and 415V Switchboard.  

• Fault Levels on the 415V Nitrogen Removal 5&6 Switchboard :  

3 phase fault level on the Nitrogen Removal 5&6 SWBD is: 9.406kA; 

1 phase to ground fault level on the Nitrogen Removal 5&6 SWBD1 is: 8.802kA; 

The Nitrogen Removal 5&6 Switchboard incorporates the following circuit breakers: 

• Q06 : 455A Klockner Moeller type “NZM10-630N”, MCCB on the Incomer to Nitrogen Removal 5&6 5&6 

Switchboard; 

• MX001-BR5-Q05 : 4A Klockner Moeller type “ZMR-6-PKZ2”, MCCB 

• MX022-BR5-Q06 : 5A Klockner Moeller type “ZMR-6-PKZ2”, MCCB 

• MX023-BR5-Q07 : 8A Klockner Moeller type “ZMR-10-PKZ2”, MCCB 

• PU001 BR5-Q09 : 28A Klockner Moeller type “ZM-32-PKZ2”, MCCB 

• PU003BR5-Q10 : 28A Klockner Moeller type “ZM-32-PKZ2”, MCCB 

• PU001W2-Q06 : 14A Klockner Moeller type “ZMR-16-PKZ2”, MCCB 

• PU002W2-Q07 : 14A Klockner Moeller type “ZMR-16-PKZ2”, MCCB 

• PS-1-Q10 : 10A Klockner Moeller type “ZM-16-8-PKZ2”, MCCB 

The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S10 and 415V Nitrogen Removal 5&6 Switchboard.  
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Figure 115 – Substation S10 & Nitrogen Removal 5&6 Switchboard  –One Line Diagram with Input Data 

TO SUBSTATION S9

EQUALANT LOAD OF 1.5kW MIXERS

EQUALANT LOAD OF 2.3kW MIXERS
EQUALANT LOAD OF 4kW MIXERS

EQUALANT LOAD OF 15kW PUMPS
EQUALANT LOAD OF 15kW PUMPS

ALL 3 PUMPS RUNNING AT 50%
ALL 3 PUMPS RUNNING AT 50%

FROM SUBSTATION S7
S10-NIT RMVL
11000.0 V

FDR 37

(1) Size 95 mm2

Copper 3 Wire
XLS3

50.0 Meters

Ampacity 245.0 A

FDR 36(1) Size 95 mm2

Copper 3 Wire
XLS3

10.0 Meters
Ampacity 245.0 A

BUS-0046

S

XF2-0014

Size 300.00 kVA
Pri Delta

Sec Wye-Ground
%Z 4.0000 %

X/R 3.1

NITROGEN REMOVAL 5 & 6

415.0 V

FDR 35

(1) Size 95 mm2

Copper 3 Wire

XLS3

70.0 Meters
Ampacity 245.0 A

PU001 BR5
15.000 kW (Input)

Load Factor 1.00
X"d 0.03 pu

VSD25

PU001 BR5-P01

(1) Size 10 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 100.0 A

BUS-0197

MX001-BR5-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 46.0 A

MX001-BR5-Q05

MX001-BR5
1.500 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0198

CBL-0059

(1) Size 185 mm2
Copper 3-(1/C)

PVC
20.0 Meters

Ampacity 321.0 A Q06

20x1.5kW MX-P07
(20) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 920.0 A

EQUALANT 20x1.5kW MX5

30.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0199

MX022-BR5-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
110.0 Meters

Ampacity 46.0 A

MX022-BR5-Q06

MX022-BR5
2.300 kW
Load Factor 1.00

X"d 0.17 pu

BUS-0200

2x2.3kW MX-P04
(3) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 138.0 A

EQUALANT 3x2.3kW MX2

6.900 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0201

21x1.5kW MX-P08
(21) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 966.0 A

EQUALANT 21x1.5kW MX6

31.500 kW
Load Factor 1.00

X"d 0.17 pu

BUS-0202

MX023-BR5-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 46.0 A

MX023-BR5-Q07

MX023-BR5

4.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0203

3x4kW MX-P04
(3) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 138.0 A

EQUALANT 3x4kW MX2
12.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0204

PU001 BR5-Q09

EQUALANT 2x15kW PU5
30.000 kW (Input)
Load Factor 1.00

X"d 0.03 pu

VSD26

2x15kW PU-P04

(2) Size 10 mm2
Copper 3 Wire+Grnd

PVC
110.0 Meters

Ampacity 200.0 A

BUS-0206

PU003BR5
15.000 kW (Input)

Load Factor 1.00
X"d 0.03 pu

VSD27

PU003 BR5-P01

(1) Size 6 mm2
Copper 3 Wire+Grnd

PVC
110.0 Meters

Ampacity 77.0 A

BUS-0208

PU003BR5-Q10

EQ 2x15kW PU-BR5
30.000 kW (Input)
Load Factor 1.00

X"d 0.03 pu

VSD28

EQ 2x15kW PU-BR2-P05

(2) Size 6 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 154.0 A

BUS-0210

PU001W2-P01
(1) Size 6 mm2
Copper 3 Wire+Grnd

PVC
110.0 Meters

Ampacity 77.0 A

PU001W2-Q06

PU001W2
7.500 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0211

BUS-0265
415.0 V

FDR36-50A

PU002W2-P01
(1) Size 6 mm2

Copper 3 Wire+Grnd
PVC

110.0 Meters
Ampacity 77.0 A

PU002W2-Q07

PU002W2
7.500 kW
Load Factor 1.00

X"d 0.17 pu

BUS-0216

30 WAY DB LOAD 5&6

2 Amps

GP-DB 5&6-P01
(1) Size 10 mm2
Copper 4 Wire+Grnd

PVC
10.0 Meters

Ampacity 100.0 A

GP-DB 5&6 FUSE

GP-DB 5&6

60 WAY DB LOAD 5&6

2 Amps

EA-DB 5&6-P01
(1) Size 10 mm2

Copper 4 Wire+Grnd
PVC

10.0 Meters
Ampacity 100.0 A

EA-DB 5&6 FUSE

EA-DB 5&6

24 WAY DB LOAD 5&6

2 Amps

DCS-DB 5&6-P01
(1) Size 10 mm2
Copper 4 Wire+Grnd

PVC
10.0 Meters

Ampacity 100.0 A

DCS-DB 5&6 FUSE

DCS-DB 5&6

24V DC & AC CONTROL LOAD 5&6

2 Amps

PS-1-P02
(1) Size 10 mm2

Copper 4 Wire+Grnd
PVC

10.0 Meters
Ampacity 100.0 A

PS- 1

PS-1-Q10
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Figure 116 – Substation S10 & Nitrogen Removal 5&6 Switchboard –One Line Diagram with Load Flow and Voltage Drop 

TO SUBSTATION S9

EQUALANT LOAD OF 1.5kW MIXERS

EQUALANT LOAD OF 2.3kW MIXERS
EQUALANT LOAD OF 4kW MIXERS

EQUALANT LOAD OF 15kW PUMPS
EQUALANT LOAD OF 15kW PUMPS

ALL 3 PUMPS RUNNING AT 50%
ALL 3 PUMPS RUNNING AT 50%

FROM SUBSTATION S7
S10-NIT RMVL
11000.0 V
LF Voltage 10765.51 V

LF Voltage Angle -0.37 deg

LF kW 369.37 kW

LF kVAR 285.08 kVAR

FDR 37

202.8 kW

157.2 kVAR

Percent VD 0.0 %

LF 14 A

FDR 36166.6 kW

127.9 kVAR

Percent VD 0.0 %

LF 11 A BUS-0046

S

XF2-0014

166.6 kW

127.9 kVAR
Percent VD 2.3 %

NITROGEN REMOVAL 5 & 6

415.0 V

LF Voltage 394.93 V

LF Voltage Angle -1.32 deg

LF kW 164.01 kW

LF kVAR 121.67 kVAR

FDR 35

369.4 kW

285.1 kVAR
Percent VD 0.0 %

LF 25 A

PU001 BR5
15.000 kW (Input)

VSD25

PU001 BR5-P01

15.4 kW

7.3 kVAR

Percent VD 2.2 %

LF 24 A

BUS-0197

MX001-BR5-P01
1.6 kW
1.2 kVAR

Percent VD 1.0 %

LF 3 A

MX001-BR5-Q05

MX001-BR5
1.500 kW

BUS-0198

CBL-0059

164.7 kW

122.1 kVAR

Percent VD 0.4 %

LF 299 A
Q06

20x1.5kW MX-P07
32.1 kW
23.7 kVAR

Percent VD 1.0 %

LF 58 A

EQUALANT 20x1.5kW MX5

30.000 kW

BUS-0199

MX022-BR5-P01
2.5 kW
1.8 kVAR

Percent VD 1.5 %

LF 4 A

MX022-BR5-Q06

MX022-BR5
2.300 kW

BUS-0200

2x2.3kW MX-P04
0.0 kW
0.0 kVAR

Percent VD 0.0 %

LF 0 A

EQUALANT 3x2.3kW MX2

6.900 kW

BUS-0201

21x1.5kW MX-P08
33.7 kW
24.9 kVAR

Percent VD 1.0 %

LF 61 A

EQUALANT 21x1.5kW MX6

31.500 kW

BUS-0202

MX023-BR5-P01
4.4 kW
3.2 kVAR

Percent VD 2.6 %

LF 8 A

MX023-BR5-Q07

MX023-BR5

4.000 kW

BUS-0203

3x4kW MX-P04
0.0 kW
0.0 kVAR

Percent VD 0.0 %

LF 0 A

EQUALANT 3x4kW MX2
12.000 kW

BUS-0204

PU001 BR5-Q09

EQUALANT 2x15kW PU5
30.000 kW (Input)

VSD26

2x15kW PU-P04

30.8 kW

14.6 kVAR
Percent VD 2.2 %

LF 47 A

BUS-0206

PU003BR5
15.000 kW (Input)

VSD27

PU003 BR5-P01

15.7 kW

7.3 kVAR

Percent VD 3.8 %

LF 24 A

BUS-0208

PU003BR5-Q10

EQ 2x15kW PU-BR5
30.000 kW (Input)

VSD28

EQ 2x15kW PU-BR2-P05

0.0 kW

0.0 kVAR

Percent VD 0.0 %
LF 0 A

BUS-0210

PU001W2-P01
8.2 kW

5.9 kVAR
Percent VD 2.1 %

LF 15 A

PU001W2-Q06

PU001W2
7.500 kW

BUS-0211

BUS-0265
415.0 V

LF Voltage 396.42 V

LF Voltage Angle -1.34 deg

LF kW 164.67 kW

LF kVAR 122.07 kVAR

FDR36-50A

PU002W2-P01
8.2 kW

5.9 kVAR

Percent VD 2.1 %
LF 15 A

PU002W2-Q07

PU002W2
7.500 kW

BUS-0216

30 WAY DB LOAD 5&6

2.000 Amps

GP-DB 5&6-P01
1.2 kW

0.9 kVAR

Percent VD 0.0 %
LF 2 A

GP-DB 5&6 FUSE

GP-DB 5&6

60 WAY DB LOAD 5&6

2.000 Amps

EA-DB 5&6-P01
1.2 kW
0.9 kVAR

Percent VD 0.0 %

LF 2 A

EA-DB 5&6 FUSE

EA-DB 5&6

24 WAY DB LOAD 5&6

2.000 Amps

DCS-DB 5&6-P01
1.2 kW

0.9 kVAR
Percent VD 0.0 %

LF 2 A

DCS-DB 5&6 FUSE

DCS-DB 5&6

24V DC & AC CONTROL LOAD 5&6

2.000 Amps

PS-1-P02
1.2 kW
0.9 kVAR

Percent VD 0.0 %

LF 2 A

PS- 1

PS-1-Q10
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Figure 117 - Substation S10 & Nitrogen Removal 5&6  Switchboard –One Line Diagram with Short Circuit Fault Currents 

TO SUBSTATION S9

EQUALANT LOAD OF 1.5kW MIXERS

EQUALANT LOAD OF 2.3kW MIXERS
EQUALANT LOAD OF 4kW MIXERS

EQUALANT LOAD OF 15kW PUMPS
EQUALANT LOAD OF 15kW PUMPS

ALL 3 PUMPS RUNNING AT 50%
ALL 3 PUMPS RUNNING AT 50%

FROM SUBSTATION S7 S10-NIT RMVL
Isc 3P 4741 A

Isc SLG 1207 A

Init Fault Bus Voltage 3P 0.0 V

FDR 37

Isc 3P 31 A

Isc SLG 5 A

Isc 3P 4672 A

Isc SLG 1198 A

FDR 36Isc 3P 20 A

Isc SLG 3 A

Isc 3P 4714 A

Isc SLG 1203 A BUS-0046

S

XF2-0014

Isc 3P Pri 20 A

Isc SLG Pri 3 A

Isc 3P 9663 A

Isc SLG 9527 A

NITROGEN REMOVAL 5 & 6

Isc 3P 9406 A

Isc SLG 8802 A

Init Fault Bus Voltage 3P 0.0 V

FDR 35

Isc 3P 51 A

Isc SLG 9 A

Isc 3P 4694 A

Isc SLG 1200 A

PU001 BR5
Isc 3P 812 A

VSD25

PU001 BR5-P01

Isc 3P 585 A

Isc 3P 101 A

BUS-0197

MX001-BR5-P01
Isc 3P 16 A

Isc SLG 10 A

Isc 3P 244 A

Isc SLG 204 A

MX001-BR5-Q05

MX001-BR5
Isc 3P 16 A

Isc SLG 9 A

BUS-0198

CBL-0059

Isc 3P 572 A

Isc SLG 369 A

Isc 3P 8844 A

Isc SLG 8451 A

Q06

20x1.5kW MX-P07

EQUALANT 20x1.5kW MX5

Isc 3P 323 A

BUS-0199

MX022-BR5-P01
Isc 3P 24 A

Isc SLG 15 A

Isc 3P 244 A

Isc SLG 203 A

MX022-BR5-Q06

MX022-BR5
Isc 3P 25 A

Isc SLG 14 A

BUS-0200

2x2.3kW MX-P04
Isc 3P 714 A

Isc SLG 599 A

EQUALANT 3x2.3kW MX2

BUS-0201

21x1.5kW MX-P08
Isc 3P 336 A

Isc SLG 210 A

Isc 3P 3872 A

Isc SLG 3355 A

EQUALANT 21x1.5kW MX6

Isc 3P 339 A

Isc SLG 193 A

BUS-0202

MX023-BR5-P01
Isc 3P 42 A

Isc SLG 26 A

Isc 3P 244 A

Isc SLG 203 A

MX023-BR5-Q07

MX023-BR5

Isc 3P 43 A

Isc SLG 24 A

BUS-0203

3x4kW MX-P04
Isc 3P 714 A

Isc SLG 599 A

EQUALANT 3x4kW MX2

BUS-0204

PU001 BR5-Q09

EQUALANT 2x15kW PU5
Isc 3P 1623 A

VSD26

2x15kW PU-P04

Isc 3P 1170 A

Isc 3P 200 A

BUS-0206

PU003BR5
Isc 3P 812 A

VSD27

PU003 BR5-P01

Isc 3P 446 A

Isc 3P 99 A

BUS-0208

PU003BR5-Q10

EQ 2x15kW PU-BR5

VSD28

EQ 2x15kW PU-BR2-P05

BUS-0210

PU001W2-P01
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DCS-DB 5&6

24V DC & AC CONTROL LOAD 5&6
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PS- 1
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10.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the HV side of the transformer and LV Main Incomer in the Nitrogen Removal 5&6 

and its Busbars. The protection device settings required to achieve the protection co-ordination shown on 

the TCC diagram are provided on the following pages. 

 

Figure 118: Nitrogen Removal 5&6 Incomer & Largest CB Protection - TCC 

The Nitrogen Removal 5&6 Feeder cable CBL-0059 (185mm², 4C+E PVC), with a current-carrying capacity of 

321A and maximum demand load of 299A, is protected by a 630A Incomer MCCB with existing long time 

pick up setting 0f 455A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload 

protection of the cable is as follows: Ib=299≤In=455≤Iz=321A. The selected Ir setting of the circuit breaker 

is larger than the maximum current carrying capacity of the cable, it is recommended to reduce the setting 

to Ir=400 to be closer to the cable maximum rating to provide a better overload protection.   
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Shown on the below TCC are the largest HRC Fuses which are coordinated with the upstream MCCB for the 

calculated faults and no issue is found on the settings as shown.  

 

Figure 119 - Nitrogen Removal 5&6 Incomer & HRC Fuses Protection - TCC 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Switchboard and its Busbars. The protection device settings 
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required to achieve the protection co-ordination shown on the TCC diagram are provided on the following 

pages. 

 

Figure 120: Nitrogen Removal 5&6 Incomer & Largest CB Protection - TCC 

The selected Ir setting of the 15kW pump circuit breaker is 28A which is close to its full load current of 25A, 

it is recommended to increase the setting to Ir=32 to provide a reliable protection.  
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Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the smaller drives in the Switchboard. The protection device settings required to 

achieve the protection co-ordination shown on the TCC diagram are provided on the following pages. 

 

Figure 121 - Small Drives CBs &Incomer TCC 

 

10.1.1.1 Protection Device Setting Parameters for Nitrogen Removal 5&6  Switchboard  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report:  
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 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 ----------------------------------------------------------------------------------------- 

 Device Name:     6A MX001-BR5-Q05                          TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9406.2A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              4            (4A) 

          2) Irm, (50-80)           50           (50A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     6A MX022-BR5-Q06                          TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9406.2A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              4            (4A) 

          2) Irm, (50-80)           50           (50A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     10A MX023-BR5-Q07                         TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-10-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9406.2A 

 Frame:           ZMR-10-PKZ2 690V 10A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Ir, (4-6)              10           (10A) 

          2) Irm, (80-140)          100          (100A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     32A PU001 BR5-Q09                         TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9406.2A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         375          (374.7A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     16A PU001W2-Q06                           TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9406.2A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 
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          2) Irm, (130-220)         220          (220A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     16A PU002W2-Q07                           TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9406.2A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         220          (220A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     16A PS-1-Q10                              TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-16-8-PKZ2                                                  

 AIC Rating:      20kA                                      Fault Duty:       9406.2A 

 Frame:           ZM-16-8-PKZ2 690V 16A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (80-140)          80           (80A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     100 GP-DB 5&6 FUSE                        TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       9406.2A 

 Cartridge:       100 & 63M100 415V 100A                    Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     100 EA-DB 5&6 FUSE                        TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       9406.2A 

 Cartridge:       100 & 63M100 415V 100A                    Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     32A DCS-DB 5&6 FUSE                       TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     2-32A, IEC 

 Type:            HRC, SA2 & SN2                                                

 AIC Rating:      80kA                                      Fault Duty:       9406.2A 

 Cartridge:       32&20M32 415V 32A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            32A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     630A Q06                                  TCC Name:         tcc55.tcc 

 Bus Name:        NITROGEN REMOVAL 5 & 6                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 218 of 372 

 Type:            NZM 10 630N                                                   

 AIC Rating:      20kA                                      Fault Duty:       9406.2A 

 Frame:           NZM 10 630N 690V 630A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            630A 

 Setting: 1) Ir, (300-630)          400          (396.9A) 

          2) Irm, (2-12)            4            (2520A) 

 ----------------------------------------------------------------------------------------- 

 

10.1.1.2 AS3000: 2007 Compliance Check of Nitrogen Removal 5&6  Switchboard   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• Nitrogen Removal -Q06: 630A Klockner Moeller (KM) type “NZM 10 630N”, MCCB on the Incomer 

of the Nitrogen Removal 5&6 is set at 400A for long time pickup and 4xIn=2520A for short time 

pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 15kW pumps -Q10: 32A KM type “PKZ 32”, MCCB set at 32A for long 

time pickup and 375A for short time pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 7.5kW pumps -Q06: 16A KM type “PKZ 32”, MCCB set at 14A for long 

time pickup and 220A for short time pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 10A MCCB set at 80A for short time pick up, which will clear the fault in 

0.1 second; 

• Various starter circuits on 4A MCCB set at 50A for short time pick up, which will clear the fault in 

0.1 second; 

• 100A HRC fuses on L&P DBs with 1000A for short time pick up current. 

•   

After determining the values of Ia for all equipment on these switchboards, we need to calculate the value 

of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages. Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 

100MA Per Unit bases for all equipment:   
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Figure 122: N Removal 5&6 Switchboard - One Line Diagram with Bus Bar Impedances
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FDR36-50A

PU002W2-P01

16A PU002W2-Q07

PU002W2

BUS-0216

Z1 237.6733 pu

Z2 237.6733 pu

Zo  388.6632 pu

30 WAY DB LOAD 5&6

GP-DB 5&6-P01

100 GP-DB 5&6 FUSE

GP-DB 5&6

Z1 23.4121 pu

Z2 23.4121 pu

Zo  32.5222 pu

60 WAY DB LOAD 5&6

EA-DB 5&6-P01

100 EA-DB 5&6 FUSE

EA-DB 5&6

Z1 23.4121 pu

Z2 23.4121 pu

Zo  32.5222 pu

24 WAY DB LOAD 5&6

DCS-DB 5&6-P01

32A DCS-DB 5&6 FUSE

DCS-DB 5&6

Z1 23.4121 pu

Z2 23.4121 pu

Zo  32.5222 pu

24V DC & AC CONTROL LOAD 5&6

PS-1-P02

PS- 1

Z1 23.4121 pu

Z2 23.4121 pu

Zo  32.5222 pu

16A PS-1-Q10
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The Earth Fault Loop Impedance on the Nitrogen Removal 5&6 Bus Bars is Zo = 17.8 Per Unit (pu) on 100MVA base. 

In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.03 and the short time protection setting of the main incomer Q06 is 2520A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.03x2520=76 Volts which trips in 0.1 seconds. The trip time for 76 Volts on Figure B4 of 

AS3000:2007 is 4 sec. Therefore, the design with the above settings meets touch potential requirements of Clause 

5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on all VSD controlled Pumps' Field Terminal Box is infinity due to being controlled 

by VSD, therefore their touch voltage would be zero and design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 16A MCCB supplied circuit is 388 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=388x0.0017=0.65Ώ.  So, Zs =0.65Ω and the short time protection 

setting of the circuit breaker is a fixed value of 220A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0.65x220=145 Volts which trips in 0.1 second. The trip time for 145 Volts on Figure 

B4 of AS3000:2007 is 0.3 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 6A and 10A  MCCB supplied circuit is 905.7 Per Unit (pu) on 100MVA 

base. Using the above formula, the ohmic value Zs=905.7x0.0017=1.53Ώ.  So, Zs =1.53Ω and the short time 

protection setting of the circuit breaker is a fixed value of 80A to trip in 0.1 seconds. Therefore, compliance with 

Clause 5.7.4 of AS3000 is verified as follows:  1.53x80=123 Volts which trips in 0.1 second. The trip time for 123 Volts 

on Figure B4 of AS3000:2007 is 0.33 sec. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

10.1.1.3 Arc Flash Evaluation of Nitrogen Removal 5&6 SWBD  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the new 415V RAS 2 

Switchboard and its downstream DBs:    

 

Figure 123 -  Nitrogen Removal 5&6 Switchboard Arc Flash Calculation & PPE Description Table 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 17.8x0.0017 

Zs = 0.03Ώ (Earth Fault Loop Impedance in the Switchboard) 
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 The highest PPE Level on the 415V Nitrogen Removal 5&6 Switchboard is level 0 at the Switchboards Busbars. The 

arc flash category on all of the downstream DBs is Cat.0. The following labels are recommended to be shown on the 

switchboard's front door for PPE Requirements:  

  

 

Figure 124- 415V Nitrogen Removal 5&6 Switchboard Arc Flash Labels 
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11 LUGGAGE POINT STP – SUBSTATION S9 & 415V NITROGEN REMOVAL 3 & 4 SWITCHBOARD 

POWER SYSTEM ANALYSIS 

11kV power supply to the 415V Nitrogen Removal 3 &4 Switchboard is fed from the 11kV Ring Substation S9 via two 

feeders:  

• Feeder 37 connected to upstream 11kV Substation S10; 

• Feeder 41 connected to downstream 11kV Substation S11 (Note: Feeder 41 is left normally open to break 

the 11kV Ring) 

The Substation S9 comprises of one 300kVA, 11kV/415V transformer feeding Nitrogen Removal 3&4 Switchboard.  

The following system data are applicable for each component of Substation S9 and 415V Switchboard: 

11kV Substation S9: 

• Max Demand - Maximum demand load of Substation S9 is: 

Load on XF2-0013 Transformer feeding Nitrogen Removal SWBD2: 167.3kW; 

  Making maximum demand load of the Nitrogen Removal 3&4 Switchboard is: 165.3kW (300A)  

• Voltage Drop: there is no issue with voltage drop on the Substation S9 and 415V Switchboard.  

• Fault Levels on the 415V Nitrogen Removal 3&4 Switchboard:  

3 phase fault level on the Nitrogen Removal 3&4 SWBD is: 9.712kA; 

1 phase to ground fault level on the Nitrogen Removal SWBD2 is: 8.979kA; 

The Nitrogen Removal 3&4 Switchboard incorporates the following circuit breakers: 

• Q05 : 455A Moeller type “NZM10-630N”, MCCB on the Incomer to Nitrogen Removal 3&4 Switchboard; 

• MX001-BR3-Q06 : 4A Moeller type “ZMR-6-PKZ2”, MCCB 

• MX022-BR3-Q07 : 5A Moeller type “ZMR-6-PKZ2”, MCCB 

• MX023-BR3-Q08 : 8A Moeller type “ZMR-10-PKZ2”, MCCB 

• PU001 BR3-Q10 : 28A Moeller type “ZM-32-PKZ2”, MCCB 

• PU002 BR4-Q11 : 28A Moeller type “ZM-32-PKZ2”, MCCB 

• PU001W1-Q07 : 14A Moeller type “ZMR-16-PKZ2”, MCCB 

• MX026BR3-Q08 : 14A Moeller type “ZMR-16-PKZ2”, MCCB 

• PS-1-Q09 : 10A Moeller type “ZM-16-8-PKZ2”, MCCB 

The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S9 and 415V Nitrogen Removal 3&4 Switchboard.  
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Figure 125 – Substation S9 & Nitrogen Removal 3&4 Switchboard  –One Line Diagram with Input Data 

EQUALANT LOAD OF 7.5kW MIXERS
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FEED FROM S11
FEED TO S10

EQUALANT LOAD OF 1.5kW MIXERS

EQUALANT LOAD OF 2.3kW MIXERS EQUALANT LOAD OF 4kW MIXERS
EQUALANT LOAD OF 15kW PUMPS EQUALANT LOAD OF 15kW PUMPS

ALL 3 PUMPS RUNNING AT 50%ALL 3 PUMPS RUNNING AT 50%

S9-NIT RMVL

11000.0 V

FDR 38 (1) Size 95 mm2

Copper 3 Wire

XLS3

10.0 Meters

Ampacity 245.0 A

BUS-0043

S

XF2-0013
Size 300.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.0000 %

X/R 3.1

FDR 37

CBL-0058
(1) Size 185 mm2

Copper 3-(1/C)

PVC

20.0 Meters

Ampacity 321.0 A

630A Q05

BUS-0230

FDR38-50A

NITROGEN REMOVAL 3 & 4

415.0 V

PU001 BR3
15.000 kW (Input)

Load Factor 1.00

X"d 0.03 pu

VSD36

PU001 BR3-P01

(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 100.0 A

BUS-0223

MX001-BR3-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 46.0 A

6A MX001-BR3-Q06

MX001-BR3
1.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0226

EQUALANT 20x1.5kW MX-P08
(20) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 920.0 A

EQUALANT 20x1.5kW MX
30.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0227

MX022-BR3-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 46.0 A

6A MX022-BR3-Q07

MX022BR3
2.300 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0228

EQUALANT 3x2.3kW MX-P05
(3) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 138.0 A

EQUALANT 3x2.3kW MX
6.900 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0229

EQUALANT 21x1.5kW MX-P09
(21) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 966.0 A

EQUALANT 21x1.5kW MX
31.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0231

MX023-BR3-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 46.0 A

10A MX023-BR3-Q08

MX023-BR3

4.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0232

EQUALANT 3x4kW MX-P05
(3) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 138.0 A

EQUALANT 3x4kW MX1
12.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0233

32A PU001 BR3-Q10

EQUALANT 2x15kW PU1
30.000 kW (Input)

Load Factor 1.00

X"d 0.03 pu

VSD37

EQUALANT 2x15kW PU-P05

(2) Size 10 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 200.0 A

BUS-0235

PU002 BR6
15.000 kW (Input)

Load Factor 1.00

X"d 0.03 pu

VSD40

PU002 BR2-P06

(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 77.0 A

BUS-0237

32A PU002 BR4-Q11

EQUALANT 2x15kW PU3
30.000 kW (Input)

Load Factor 1.00

X"d 0.03 pu

VSD49

EQ 2x15kW PU-BR2-P06

(2) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 154.0 A

BUS-0239

PU001W1-P05
(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 77.0 A

16A PU001W1-Q07

PU001W1
7.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0240

PU002W1-P06
(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 77.0 A

16A PU002W1-Q08

PU002W1
7.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0241

30 WAY DB LOAD 3&4

2 Amps

GP-DB 3&4-P02
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 100.0 A

GP-DB 3&4 FUSE

GP-DB 3&4

60 WAY DB LOAD 3&4

2 Amps

EA-DB 3&4-P02
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 100.0 A

EA-DB 3&4 FUSE

EA-DB 3&4

24 WAY DCS LOAD 3&4

2 Amps

DCS-DB 3&4-P02
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 100.0 A

DCS-DB 3&4 FUSE

DCS-DB 3&4

MX026BR3-P01
(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 77.0 A

16A MX026BR3-Q08

MX026BR3
7.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0242

MX027BR3-P01
(3) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 231.0 A

EQ 3x7.5kW MX027BR3
22.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0263

24V DC & AC CONTROL LOAD 3&4

2 Amps

PS-1-P01
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 100.0 A

PS-1

16A PS-1-Q09
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Figure 126 – Substation S9 & Nitrogen Removal 3&4 Switchboard –One Line Diagram with Load Flow and Voltage Drop 
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S9-NIT RMVL

11000.0 V

LF Voltage 10771.31 V

LF Voltage Angle -0.36 deg

LF kW 167.27 kW

LF kVAR 128.46 kVAR

FDR 38 167.3 kW

128.5 kVAR

Percent VD 0.0 %

LF 11 A
BUS-0043

S

XF2-0013
167.3 kW

128.5 kVAR

Percent VD 2.4 %

FDR 37

CBL-0058
165.3 kW

122.6 kVAR

Percent VD 0.4 %

LF 300 A
630A Q05

BUS-0230

FDR38-50A

NITROGEN REMOVAL 3 & 4

415.0 V

LF Voltage 395.10 V

LF Voltage Angle -1.31 deg

LF kW 164.68 kW

LF kVAR 122.17 kVAR

PU001 BR3
15.000 kW (Input)

VSD36

PU001 BR3-P01

15.4 kW

7.3 kVAR

Percent VD 2.2 %

LF 24 A

BUS-0223

MX001-BR3-P01
1.6 kW

1.2 kVAR

Percent VD 1.0 %

LF 3 A

6A MX001-BR3-Q06

MX001-BR3
1.500 kW

BUS-0226

EQUALANT 20x1.5kW MX-P08
32.1 kW

23.7 kVAR

Percent VD 1.0 %

LF 58 A

EQUALANT 20x1.5kW MX
30.000 kW

BUS-0227

MX022-BR3-P01
2.5 kW

1.8 kVAR

Percent VD 1.5 %

LF 4 A

6A MX022-BR3-Q07

MX022BR3
2.300 kW

BUS-0228

EQUALANT 3x2.3kW MX-P05
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

EQUALANT 3x2.3kW MX
6.900 kW

BUS-0229

EQUALANT 21x1.5kW MX-P09
33.7 kW

24.9 kVAR

Percent VD 1.0 %

LF 61 A

EQUALANT 21x1.5kW MX
31.500 kW

BUS-0231

MX023-BR3-P01
4.4 kW

3.2 kVAR

Percent VD 2.6 %

LF 8 A

10A MX023-BR3-Q08

MX023-BR3

4.000 kW

BUS-0232

EQUALANT 3x4kW MX-P05
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

EQUALANT 3x4kW MX1
12.000 kW

BUS-0233

32A PU001 BR3-Q10

EQUALANT 2x15kW PU1
30.000 kW (Input)

VSD37

EQUALANT 2x15kW PU-P05

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

BUS-0235

PU002 BR6
15.000 kW (Input)

VSD40

PU002 BR2-P06

15.7 kW

7.3 kVAR

Percent VD 3.8 %

LF 24 A

BUS-0237

32A PU002 BR4-Q11

EQUALANT 2x15kW PU3
30.000 kW (Input)

VSD49

EQ 2x15kW PU-BR2-P06

31.4 kW

14.6 kVAR

Percent VD 3.8 %

LF 48 A

BUS-0239

PU001W1-P05
8.2 kW

5.9 kVAR

Percent VD 2.1 %

LF 15 A

16A PU001W1-Q07

PU001W1
7.500 kW

BUS-0240

PU002W1-P06
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

16A PU002W1-Q08

PU002W1
7.500 kW

BUS-0241

30 WAY DB LOAD 3&4

2.000 Amps

GP-DB 3&4-P02
1.2 kW

0.9 kVAR

Percent VD 0.0 %

LF 2 A

GP-DB 3&4 FUSE

GP-DB 3&4

60 WAY DB LOAD 3&4

2.000 Amps

EA-DB 3&4-P02
1.2 kW

0.9 kVAR

Percent VD 0.0 %

LF 2 A

EA-DB 3&4 FUSE

EA-DB 3&4

24 WAY DCS LOAD 3&4

2.000 Amps

DCS-DB 3&4-P02
1.2 kW

0.9 kVAR

Percent VD 0.0 %

LF 2 A

DCS-DB 3&4 FUSE

DCS-DB 3&4

MX026BR3-P01
8.2 kW

5.9 kVAR

Percent VD 2.1 %

LF 15 A

16A MX026BR3-Q08

MX026BR3
7.500 kW

BUS-0242

MX027BR3-P01
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

EQ 3x7.5kW MX027BR3
22.500 kW

BUS-0263

24V DC & AC CONTROL LOAD 3&4

2.000 Amps

PS-1-P01
1.2 kW

0.9 kVAR

Percent VD 0.0 %

LF 2 A

PS-1

16A PS-1-Q09
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Figure 127 - Substation S9 & Nitrogen Removal 3&4  Switchboard –One Line Diagram with Short Circuit Fault Currents 
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S9-NIT RMVL

Isc 3P 4700 A

Isc SLG 1203 A

Init Fault Bus Voltage 3P 0.0 V

FDR 38 Isc 3P 31 A

Isc SLG 5 A

Isc 3P 4664 A

Isc SLG 1197 A
BUS-0043

S

XF2-0013
Isc 3P Pri 31 A

Isc SLG Pri 5 A

Isc 3P 9657 A

Isc SLG 9520 A

FDR 37

CBL-0058
Isc 3P 889 A

Isc SLG 567 A

Isc 3P 8838 A

Isc SLG 8439 A
630A Q05

BUS-0230

FDR38-50A

NITROGEN REMOVAL 3 & 4

Isc 3P 9712 A

Isc SLG 8979 A

Init Fault Bus Voltage 3P 0.0 V

PU001 BR3
Isc 3P 812 A

VSD36

PU001 BR3-P01

Isc 3P 585 A

Isc 3P 101 A

BUS-0223

MX001-BR3-P01
Isc 3P 16 A

Isc SLG 10 A

Isc 3P 244 A

Isc SLG 204 A

6A MX001-BR3-Q06

MX001-BR3
Isc 3P 16 A

Isc SLG 9 A

BUS-0226

EQUALANT 20x1.5kW MX-P08
Isc 3P 320 A

Isc SLG 197 A

Isc 3P 3789 A

Isc SLG 3259 A

EQUALANT 20x1.5kW MX
Isc 3P 323 A

Isc SLG 183 A

BUS-0227

MX022-BR3-P01
Isc 3P 24 A

Isc SLG 15 A

Isc 3P 244 A

Isc SLG 203 A

6A MX022-BR3-Q07

MX022BR3
Isc 3P 25 A

Isc SLG 14 A

BUS-0228

EQUALANT 3x2.3kW MX-P05
Isc 3P 716 A

Isc SLG 600 A

EQUALANT 3x2.3kW MX

BUS-0229

EQUALANT 21x1.5kW MX-P09
Isc 3P 336 A

Isc SLG 207 A

Isc 3P 3920 A

Isc SLG 3378 A

EQUALANT 21x1.5kW MX
Isc 3P 339 A

Isc SLG 192 A

BUS-0231

MX023-BR3-P01
Isc 3P 42 A

Isc SLG 26 A

Isc 3P 244 A

Isc SLG 203 A

10A MX023-BR3-Q08

MX023-BR3

Isc 3P 43 A

Isc SLG 24 A

BUS-0232

EQUALANT 3x4kW MX-P05
Isc 3P 716 A

Isc SLG 600 A

EQUALANT 3x4kW MX1

BUS-0233

32A PU001 BR3-Q10

EQUALANT 2x15kW PU1
Isc 3P 1623 A

VSD37

EQUALANT 2x15kW PU-P05

Isc 3P 1170 A

Isc 3P 200 A

BUS-0235

PU002 BR6
Isc 3P 812 A

VSD40

PU002 BR2-P06

Isc 3P 446 A

Isc 3P 99 A

BUS-0237

32A PU002 BR4-Q11

EQUALANT 2x15kW PU3
Isc 3P 1623 A

VSD49

EQ 2x15kW PU-BR2-P06

Isc 3P 893 A

Isc 3P 196 A

BUS-0239

PU001W1-P05
Isc 3P 79 A

Isc SLG 48 A

Isc 3P 566 A

Isc SLG 472 A

16A PU001W1-Q07

PU001W1
Isc 3P 81 A

Isc SLG 45 A

BUS-0240

PU002W1-P06
Isc 3P 566 A

Isc SLG 474 A

16A PU002W1-Q08

PU002W1

BUS-0241

30 WAY DB LOAD 3&4

GP-DB 3&4-P02
Isc 3P 6060 A

Isc SLG 5323 A

GP-DB 3&4 FUSE

GP-DB 3&4

60 WAY DB LOAD 3&4

EA-DB 3&4-P02
Isc 3P 6060 A

Isc SLG 5323 A

EA-DB 3&4 FUSE

EA-DB 3&4

24 WAY DCS LOAD 3&4

DCS-DB 3&4-P02
Isc 3P 6060 A

Isc SLG 5323 A

DCS-DB 3&4 FUSE

DCS-DB 3&4

MX026BR3-P01
Isc 3P 79 A
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11.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the transformer and Main Incomer in the Nitrogen Removal 3&4 and its Busbars. The 

protection device settings required to achieve the protection co-ordination shown on the TCC diagram are 

provided on the following pages. 

 

Figure 128: Nitrogen Removal 3&4 Incomer & Largest CB Protection - TCC 

The Nitrogen Removal 3&4 Feeder cable CBL-0058 (185mm², 4C+E PVC), with a current-carrying capacity of 

321A and maximum demand load of 300A, is protected by a 630A Incomer MCCB with existing long time 

pick up setting of 455A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload 

protection of the cable is as follows: Ib=300≤In=455≤Iz=321A. The selected Ir setting of the circuit breaker 
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is larger than the maximum current carrying capacity of the cable, it is recommended to reduce the setting 

to Ir=400 to be closer to the cable maximum rating to provide a better overload protection.   

Shown on the below TCC are the largest HRC Fuses which are coordinated with the upstream Incomer 

MCCB for the calculated faults and no issue is found on the settings as shown.  

 

Figure 129 - Nitrogen Removal 3&4 Incomer & Sub-Circuits HRC Fuses Protection - TCC 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Switchboard and its Busbars. The protection device settings 

required to achieve the protection co-ordination shown on the TCC diagram are provided on the following 

pages. 
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Figure 130: Nitrogen Removal 3&4 Incomer & Largest CB Protection - TCC 
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it is recommended to increase the setting to Ir=32 to provide a reliable protection.  
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 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     6A MX001-BR3-Q06                          TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              4            (4A) 

          2) Irm, (50-80)           50           (50A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     6A MX022-BR3-Q07                          TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              5            (5A) 

          2) Irm, (50-80)           70           (70A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     10A MX023-BR3-Q08                         TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-10-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZMR-10-PKZ2 690V 10A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Ir, (4-6)              10           (10A) 

          2) Irm, (80-140)          120          (120A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     32A PU001 BR3-Q10                         TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         375          (374.7A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     32A PU002 BR4-Q11                         TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         375          (374.7A) 
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----------------------------------------------------------------------------------------- 

 Device Name:     16A PU001W1-Q07                           TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         220          (220A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     16A PU002W1-Q08                           TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         220          (220A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     16A MX026BR3-Q08                          TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         190          (189.9A) 

----------------------------------------------------------------------------------------- 

 Device Name:     16A PS-1-Q09                              TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-16-8-PKZ2                                                  

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           ZM-16-8-PKZ2 690V 16A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (80-140)          80           (80A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     GP-DB 3&4 FUSE                            TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       9712.4A 

 Cartridge:       100 & 63M100 415V 100A                    Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     EA-DB 3&4 FUSE                            TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 
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 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       9712.4A 

 Cartridge:       100 & 63M100 415V 100A                    Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     DCS-DB 3&4 FUSE                           TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    CUTLER-HAMMER 

 Description:     80-800A 

 Type:            HRC, IND                                                      

 AIC Rating:      80kA                                      Fault Duty:       9712.4A 

 Cartridge:       100 & 63M100 415V 100A                    Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     630A Q05                                  TCC Name:         tcc59.tcc 

 Bus Name:        NITROGEN REMOVAL 3 & 4                    Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM 10 630N                                                   

 AIC Rating:      20kA                                      Fault Duty:       9712.4A 

 Frame:           NZM 10 630N 690V 630A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            630A 

 Setting: 1) Ir, (300-630)          400          (396.9A) 

          2) Irm, (2-12)            4            (2520A) 

 ----------------------------------------------------------------------------------------- 

  

11.1.1.2 AS3000: 2007 Compliance Check of Nitrogen Removal 3&4  Switchboard   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• Nitrogen Removal -Q05: 630A Klockner Moeller (KM) type “NZM 10 630N”, MCCB on the Incomer 

of the Nitrogen Removal 3&4 is set at 400A for long time pickup and 4xIn=2520A for short time 

pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 15kW pumps: 32A KM type “PKZ 32”, MCCB set at 32A for long time 

pickup and 375A for short time pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 7.5kW pumps -Q08: 16A KM type “PKZ 32”, MCCB set at 16A for long 

time pickup and 220A for short time pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 10A MCCB set at 80A for short time pick up, which will clear the fault in 

0.1 second; 

• Various starter circuits on 4A MCCB set at 50A for short time pick up, which will clear the fault in 

0.1 second; 

 After determining the values of Ia for all equipment on this switchboard, we need to calculate the values 

of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages. Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 

100MA Per Unit bases for all equipment:   
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Figure 131: Nitrogen Removal 3&4 Switchboard - One Line Diagram with Bus Bar Impedances
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The Earth Fault Loop Impedance on the Nitrogen Removal 3&4 Bus Bars is Zo = 17.8 Per Unit (pu) on 100MVA base. 

In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.031 and the short time protection setting of the main incomer Q06 is 2520A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.031x2520=77.3 Volts which trips in 0.1 seconds. The trip time for 77.3 Volts on Figure 

B4 of AS3000:2007 is 4 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on all VSD controlled Pumps' Field Terminal Box is infinity due to being controlled 

by VSD, therefore their touch voltage would be zero and design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 16A MCCB supplied circuit is 388 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=388x0.0017=0.668Ώ.  So, Zs =0.668Ω and the short time protection 

setting of the circuit breaker is a fixed value of 220A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0.668x220=147 Volts which trips in 0.1 second. The trip time for 147 Volts on Figure 

B4 of AS3000:2007 is 0.3 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 6A and 10A  MCCB supplied circuit is 905.7 Per Unit (pu) on 100MVA 

base. Using the above formula, the ohmic value Zs=905.7x0.0017=1.56Ώ.  So, Zs =1.56Ω and the short time 

protection setting of the circuit breaker is a fixed value of 80A to trip in 0.1 seconds. Therefore, compliance with 

Clause 5.7.4 of AS3000 is verified as follows:  1.56x80=124.8 Volts which trips in 0.1 second. The trip time for 124.8 

Volts on Figure B4 of AS3000:2007 is 0.33 sec. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

11.1.1.3 Arc Flash Evaluation of Nitrogen Removal 3&4 SWBD  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the new 415V RAS 2 

Switchboard and its downstream DBs:    

 

Figure 132 -  Nitrogen Removal 3&4 Switchboard Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V Nitrogen Removal 3&4 Switchboard is Cat. 0 at the Switchboards Busbars. The 

arc flash category on all of the downstream DBs is Cat.0. The following labels are recommended to be shown on the 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 17.8x0.0017 

Zs = 0.031Ώ (Earth Fault Loop Impedance in the Switchboard) 
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Figure 133- 415V Nitrogen Removal 3&4 Switchboard Arc Flash Labels 
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12 LUGGAGE POINT STP – SUBSTATION S11 & 415V RO PLANT SWITCHBOARD POWER 

SYSTEM ANALYSIS 

11kV power supply to the 415V RO Switchboard is fed from the 11kV Ring Substation S11 via two feeders:  

• Feeder 31 connected to upstream 11kV Substation S3; 

• Feeder 41 connected to downstream 11kV Substation S9 (Note: Feeder 41 is left normally open to break the 

11kV Ring) 

The Substation S11 comprises of two 1500kVA, 11kV/415V Duty/Standby transformers with each transformer 

feeding the RO Switchboard (with one Incomer open and one closed).  

The following system data are applicable for each component of Substation S11 and 415V RO Switchboard: 

11kV Substation S11: 

• Max Demand - Maximum demand load of Substation S11 is: 

Load on Duty Transformer XF02-001: 675kW; 

  Making maximum demand load of the RO Switchboard is: 660 kW (1228A)   

• Voltage Drop: there is no issue with voltage drop on the Substation S11 and 415V RO Switchboard.  

• Fault Levels on the RO Switchboard:  

3 phase fault level on the RO SWBD is: 24.916kA; 

1 phase to ground fault level on the RO SWBD is: 25.295kA; 

The RO Plant Switchboard incorporates the following circuit breakers: 

• Q01 & Q02 : 2000A Terasaki type “TemPower AT20”, Air Circuit Breaker (ACB) on the Incomer to RO 

Switchboard; 

• R.O Feed Pump 1-Q09 : 400A Eaton type “NZMN3-AE400”, MCCB; 

• R.O Feed Pump 2-Q10 : 400A Moeller type “NZM 10-400 S”, MCCB; 

• R.O Feed Pump 3-Q11 : 400A Eaton type “NZMN3-AE400”, MCCB; 

• MF Feed Pump 1-Q13 : 160A Eaton Type ”NZM2”, MCCB; 

• MF Feed Pump 2-Q14 : 160A Moeller Type ” NZM7-160S-M”, MCCB; 

• R.O CIP Tank Heater-Q19 : 63A Moeller Type “NZM7-80S”, MCCB; 

• MF CIP Tank Heater-Q18 : 63A Moeller Type “NZM7-80S”, MCCB; 

• Product Water Transfer Pump 1-Q05 : 100A Moeller Type “NZM7-125S-M”, MCCB; 

• Product Water Transfer Pump 2-Q06 : 100A Moeller Type “NZM7-125S-M”, MCCB; 

• Flushing Pump 1-Q03 : 32A Moeller Type “ZMR-40-PKZ2”, MCCB; 

• Flushing Pump 2-Q04 : 32A Moeller Type “ZMR-40-PKZ2”, MCCB; 

• Washwater Transfer Pump 1-Q07 : 16A Moeller Type “ZMR-25-PKZ2”, MCCB; 

• Reverse Filtration Pump 1-Q16 : 80A Moeller Type “NZM7-125S-M”, MCCB; 

• RO CIP Pump-Q29 : 40A Moeller Type “NZM7-63S”, MCCB; 

• MF CIP Pump-Q26 : 14A Moeller Type “ZMR-16-PKZ2”, MCCB; 

• Na OH Transfer Pump-Q27 : 1.4A Moeller Type “ZMR-1.6-PKZ2”, MCCB; 
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• Na OCI Transfer Pump-Q28 : 1.4A Moeller Type “ZMR-1.6-PKZ2”, MCCB; 

• Citric Acid CIP Tank Heater-Q20 : 63A Moeller Type “NZM7-80S”, MCCB; 

• Inflow Transfer Pump-Q21 : 1.4A Moeller Type “ZMR-1.6-PKZ2”, MCCB; 

• Compressor 1 Panel-Q22 : 80A Schneider Type “TM 80D”, MCCB; 

• Air Conditioning Panel –Q24 : 28A Moeller Type “NZM7-40H”, MCCB; 

• Dosing Pump Control Panel –Q25 : 40A Moeller Type “NZM7-63S-M”, MCCB on the Incomer to Dosing 

Pumps Control Panel Switchboard; 

• MISC DB1A : 125A Moeller Type “NZM7-160S”, MCCB; 

• DB1G : 25A Moeller Type “NZM7-40S”, MCCB; 

All of the Dosing Pumps Control Panel’s circuit breakers are Miniature Circuit Breakers (MCB) type NHP Din T6. 

The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S11 and 415V RO Switchboard.
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Figure 134 – Substation S11 & RO Plant 415V Switchboard  –One Line Diagram with Input Data 

FROM SUBSTATION S3

STD-BY

DUTY
STD-BYDUTYDUTYDUTY STD-BYDUTYDUTY

FDR 31

(1) Size 95 mm2

Copper 3 Wire
XLS3

300.0 Meters
Ampacity 245.0 A

S11-BP RO PLNT11000.0 V

FDR 43
(1) Size 95 mm2
Copper 3 Wire

XLS3
10.0 Meters

Ampacity 245.0 A

S

XF2-0011 Size 1500.00 kVA
Pri Delta

Sec Wye-Ground
%Z 7.6139 %

X/R 2.4

BUS-0039

FDR 42

(1) Size 95 mm2

Copper 3 Wire
XLS3

10.0 Meters

Ampacity 245.0 A

S

XF2-0012
Size 1500.00 kVA

Pri Delta
Sec Wye-Ground

%Z 7.6139 %
X/R 2.4

BUS-0040

RO PLANT SWBD

415.0 V

BUS-0069 BUS-0070

CBL-0052
(4) Size 500 mm2

Copper 3-(1/C)
PVC

25.0 Meters
Ampacity 1872.0 AOpen Q01

Q02

RO FEED Pump1
200.000 kW

Load Factor 1.00
X"d 0.03 pu

400A RO FEED Pump1-Q09

VSD01

FLUSHING PUMP1-P1
(1) Size 25 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 132.0 A

40A FLUSHING PUMP1-Q03

FLUSHING PUMP1
18.500 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0088

PRODUCT WATER TRANS PUMP2-P1
(1) Size 50 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 175.0 A

125A PRODUCT WATER TRANS PUMP2

PRODUCT WATER TRANS PUMP2
55.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0089

MISC DB1A
40 Amps

WASH WATER TRANS PUMP1-P1
(1) Size 10 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 100.0 A

25A WASH WATER TRANS PUMP1

WASH WATER TRANS PUMP1
9.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0090

WASH WATER TRANS PUMP2-P1
(1) Size 10 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 100.0 A

25A WASH WATER TRANS PUMP2

WASH WATER TRANS PUMP2
9.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0091

FLUSHING PUMP2-P1
(1) Size 25 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 132.0 A

40A FLUSHING PUMP2-Q04

FLUSHING PUMP2
18.500 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0092

PRODUCT WATER TRANS PUMP1-P1
(1) Size 50 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 175.0 A

125A PRODUCT WATER TRANS PUMP1

PRODUCT WATER TRANS PUMP1
55.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0093

RO FEED Pump1-P1

(1) Size 150 mm2
Copper 3 Wire+Grnd

PVC

9.0 Meters
Ampacity 290.0 A

RO FEED Pump1-P2

(1) Size 150 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 290.0 A

BUS-0097

RO FEED Pump2
200.000 kW

Load Factor 1.00
X"d 0.03 pu

400A RO FEED Pump2-Q10

VSD02

RO FEED Pump2-P1

(1) Size 150 mm2
Copper 3 Wire+Grnd

PVC

9.0 Meters
Ampacity 290.0 A

RO FEED Pump2-P2

(1) Size 150 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 290.0 A

BUS-0100

RO FEED Pump3
200.000 kW (Input)

Load Factor 1.00
X"d 0.03 pu

VSD03

RO FEED Pump3-P1

(1) Size 150 mm2
Copper 3 Wire+Grnd

PVC

9.0 Meters
Ampacity 290.0 A

RO FEED Pump3-P2

(1) Size 150 mm2
Copper 3 Wire+Grnd

PVC
25.0 Meters

Ampacity 290.0 A

BUS-0103

RO FEED Pump4
200.000 kW (Input)

Load Factor 1.00
X"d 0.03 pu

400A RO FEED Pump4-Q12

VSD04

RO FEED Pump4-P1

(1) Size 150 mm2

Copper 3 Wire+Grnd
PVC

9.0 Meters
Ampacity 290.0 A

RO FEED Pump4-P2

(1) Size 150 mm2
Copper 3 Wire+Grnd

PVC
25.0 Meters

Ampacity 290.0 A

BUS-0106

MF FEED PUMP1
75.000 kW

Load Factor 1.00
X"d 0.03 pu

160A MF FEED PUMP1-Q13

VSD05

BUS-0109

MF FEED PUMP1-P1
(1) Size 70 mm2
Copper 3 Wire+Grnd

PVC

10.0 Meters
Ampacity 200.0 A

MF FEED PUMP1-P2
(1) Size 70 mm2

Copper 3 Wire+Grnd
PVC

20.0 Meters
Ampacity 200.0 A

MF FEED PUMP2
75.000 kW

Load Factor 1.00
X"d 0.03 pu

160A MF FEED PUMP2-Q14

VSD06

BUS-0112

MF FEED PUMP2-P1
(1) Size 70 mm2
Copper 3 Wire+Grnd

PVC

10.0 Meters
Ampacity 200.0 A

MF FEED PUMP2-P2
(1) Size 70 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 200.0 A

MF FEED PUMP3
75.000 kW

Load Factor 1.00
X"d 0.03 pu

160A MF FEED PUMP3-Q15

VSD07

BUS-0115

MF FEED PUMP3-P1
(1) Size 70 mm2
Copper 3 Wire+Grnd

PVC

10.0 Meters
Ampacity 200.0 A

MF FEED PUMP3-P2
(1) Size 70 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 200.0 A

REVERSE FILT PUMP1
55.000 kW

Load Factor 1.00
X"d 0.03 pu

125A REVERSE FILT PUMP1-Q16

VSD08

BUS-0118

REVERSE FILT PUMP1-P1
(1) Size 25 mm2

Copper 3 Wire+Grnd
PVC

10.0 Meters
Ampacity 132.0 A

REVERSE FILT PUMP1-P2
(1) Size 25 mm2

Copper 3 Wire+Grnd
PVC

20.0 Meters
Ampacity 132.0 A

REVERSE FILT PUMP2
55.000 kW
Load Factor 1.00

X"d 0.03 pu

125A REVERSE FILT PUMP2-Q17

VSD09

BUS-0121

REVERSE FILT PUMP2-P1
(1) Size 25 mm2

Copper 3 Wire+Grnd
PVC

10.0 Meters
Ampacity 132.0 A

REVERSE FILT PUMP2-P2
(1) Size 25 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 132.0 A

MF CIP TANK HEATER-P1
(1) Size 35 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 153.0 A

80A MF CIP TANK HEATER-Q18

BUS-0094

RO CIP TANK HEATER-P1
(1) Size 35 mm2

Copper 3 Wire+Grnd
PVC

25.0 Meters
Ampacity 153.0 A

80A RO CIP TANK HEATER-Q19

BUS-0122

CITRIC ACID TANK HEATER-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
30.0 Meters

Ampacity 132.0 A

80ACITRIC ACID TANK HEATER-Q20

BUS-0123

INFLOW TRANSFER PUMP-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
30.0 Meters

Ampacity 132.0 A

1.6A INFLOW TRANSFER PUMP

INFLOW TRANSFER PUMP
0.550 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0124

COMPRESSOR1 PANEL-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
30.0 Meters

Ampacity 132.0 A

80A COMPRESSOR1 PANEL-Q22

COMPRESSOR1 PANEL
30.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0125

COMPRESSOR2 PANEL-P2
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
30.0 Meters

Ampacity 132.0 A

80A COMPRESSOR2 PANEL-Q23

COMPRESSOR2 PANEL
30.000 kW

Load Factor 1.00
X"d 0.17 pu

BUS-0126

AIR COND PANEL-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
25.0 Meters

Ampacity 132.0 A

40A AIR COND PANEL-Q24

BUS-0127

DOSING PUMPS CONTROL PANEL-P1
(1) Size 25 mm2
Copper 4 Wire+Grnd

PVC
8.0 Meters

Ampacity 132.0 A

63A DOSING PUMPS CONTROL PANEL

DOSING PUMPS CONTROL PANEL

415.0 V

NaOH DOSING PUMP1
0.180 kW

Load Factor 1.00
X"d 0.03 pu

VSD10

BUS-0130

NaOH DOSING PUMP1-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 132.0 A

NaOCI MF FEED WA DOS PUMP1
0.180 kW

Load Factor 1.00
X"d 0.03 pu

VSD12

BUS-0132

NaOCI MF FEED WA DOS PUMP1-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 132.0 A

NaOCI MF REV FILT DOS PUMP1
0.750 kW

Load Factor 1.00
X"d 0.03 pu

VSD14

BUS-0134

NaOCI MF REV FILT DOS PUMP1-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 132.0 A

MF CIP PUMP-P1
(1) Size 6 mm2
Copper 3 Wire+Grnd

PVC
30.0 Meters

Ampacity 77.0 A

16A MF CIP PUMP-Q26

MF CIP PUMP
7.500 kW
Load Factor 1.00

X"d 0.17 pu

BUS-0128

NaOH TRANSFER PUMP-P1
(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
30.0 Meters

Ampacity 58.0 A

1.6A NaOH TRANSFER PUMP-Q27

NaOH TRANSFER PUMP
0.550 kW
Load Factor 1.00

X"d 0.17 pu

BUS-0135

NaOCI TRANSFER PUMP-P1
(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
30.0 Meters

Ampacity 58.0 A

1.6A NaOCI TRANSFER PUMP-Q28

NaOCI TRANSFER PUMP
0.550 kW
Load Factor 1.00

X"d 0.17 pu

BUS-0138

ROCIP PUMP-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
30.0 Meters

Ampacity 132.0 A

63A ROCIP PUMP-Q29

ROCIP PUMP
22.000 kW
Load Factor 1.00

X"d 0.17 pu

BUS-0139

DB1G
20 Amps

CBL-0054
(4) Size 500 mm2
Copper 3-(1/C)

PVC
25.0 Meters

Ampacity 1872.0 A

400A RO FEED Pump3-Q11

10A Q30 10A Q31 10A Q3210A Q33 10A Q34 10A Q35

FDR42- VIP FDR43- VIP

RO CIP TANK HEATER
45.000 kW

Load Factor 1.00
X"d 0.03 pu

MF CIP TANK HEATER
45.000 kW

Load Factor 1.00
X"d 0.03 pu

CITRIC ACID TANK HEATER
45.000 kW
Load Factor 1.00

X"d 0.03 pu

AIR COND PANEL
15.000 kW

Load Factor 1.00
X"d 0.17 pu

NaOH DOSING PUMP2
0.180 kW

Load Factor 1.00
X"d 0.03 pu

VSD21

BUS-0137

NaOH DOSING PUMP2-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 132.0 A

NaOCI MF FEED WA DOS PUMP2
0.180 kW

Load Factor 1.00
X"d 0.03 pu

VSD22

BUS-0141

NaOCI MF FEED WA DOS PUMP2-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 132.0 A

NaOCI MF REV FILT DOS PUMP2
0.750 kW

Load Factor 1.00
X"d 0.03 pu

VSD23

BUS-0144

NaOCI MF REV FILT DOS PUMP2-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 132.0 A

10A Q36

PERMEATE DOS PUMP1
0.350 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0145

PERMEATE DOS PUMP1-P1
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 132.0 A

10A Q37

PERMEATE DOS PUMP2
0.350 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0182

PERMEATE DOS PUMP1-P2
(1) Size 25 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 132.0 A

40A DB1G-Q25 160A DB1A-Q26
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Figure 135 – Substation S11 & RO Plant 415V Switchboard –One Line Diagram with Load Flow and Voltage Drop  

FROM SUBSTATION S3

STD-BY

DUTY
STD-BYDUTYDUTYDUTY STD-BYDUTYDUTY

FDR 31

676.3 kW
531.8 kVAR

Percent VD 0.1 %
LF 46 A

S11-BP RO PLNT11000.0 V
LF Voltage 10718.55 V

LF Voltage Angle -0.34 deg
LF kW 675.81 kW

LF kVAR 531.60 kVAR

FDR 43
675.8 kW
531.6 kVAR

Percent VD 0.0 %
LF 46 A

S

XF2-0011 675.8 kW

531.6 kVAR
Percent VD 3.9 %

BUS-0039

FDR 42

0.0 kW
0.0 kVAR

Percent VD 0.0 %
LF 0 A

S

XF2-0012
0.0 kW

0.0 kVAR
Percent VD 0.0 %

BUS-0040

RO PLANT SWBD

415.0 V
LF Voltage 387.19 V

LF Voltage Angle -1.74 deg
LF kW 659.37 kW

LF kVAR 492.98 kVAR

BUS-0069
BUS-0070

CBL-0052
660.7 kW

495.1 kVAR
Percent VD 0.3 %

LF 1228 A

Open Q01 Q02

RO FEED Pump1
200.000 kW

400A RO FEED Pump1-Q09

VSD01

FLUSHING PUMP1-P1
0.0 kW
0.0 kVAR

Percent VD 0.0 %
LF 0 A

40A FLUSHING PUMP1-Q03

FLUSHING PUMP1
18.500 kW

BUS-0088

PRODUCT WATER TRANS PUMP2-P1
0.0 kW
0.0 kVAR

Percent VD 0.0 %
LF 0 A

125A PRODUCT WATER TRANS PUMP2

PRODUCT WATER TRANS PUMP2
55.000 kW

BUS-0089

MISC DB1A
40.000 Amps

WASH WATER TRANS PUMP1-P1
9.5 kW
7.1 kVAR

Percent VD 0.3 %
LF 18 A

25A WASH WATER TRANS PUMP1

WASH WATER TRANS PUMP1
9.000 kW

BUS-0090

WASH WATER TRANS PUMP2-P1
0.0 kW
0.0 kVAR

Percent VD 0.0 %
LF 0 A

25A WASH WATER TRANS PUMP2

WASH WATER TRANS PUMP2
9.000 kW

BUS-0091

FLUSHING PUMP2-P1
19.6 kW
14.6 kVAR

Percent VD 0.3 %
LF 36 A

40A FLUSHING PUMP2-Q04

FLUSHING PUMP2

18.500 kW

BUS-0092

PRODUCT WATER TRANS PUMP1-P1
58.3 kW
43.5 kVAR

Percent VD 0.5 %
LF 108 A

125A PRODUCT WATER TRANS PUMP1

PRODUCT WATER TRANS PUMP1
55.000 kW

BUS-0093

RO FEED Pump1-P1

235.8 kW

176.6 kVAR
Percent VD 0.3 %

LF 439 A

RO FEED Pump1-P2

211.5 kW
102.4 kVAR

Percent VD 0.5 %
LF 327 A

BUS-0097

RO FEED Pump2
200.000 kW

400A RO FEED Pump2-Q10

VSD02

RO FEED Pump2-P1

0.0 kW

0.0 kVAR
Percent VD 0.0 %

LF 0 A

RO FEED Pump2-P2

0.0 kW
0.0 kVAR

Percent VD 0.0 %
LF 0 A

BUS-0100

RO FEED Pump3
200.000 kW (Input)

VSD03

RO FEED Pump3-P1

0.0 kW

0.0 kVAR
Percent VD 0.0 %

LF 0 A

RO FEED Pump3-P2

0.0 kW
0.0 kVAR

Percent VD 0.0 %
LF 0 A

BUS-0103

RO FEED Pump4
200.000 kW (Input)

400A RO FEED Pump4-Q12

VSD04

RO FEED Pump4-P1

0.0 kW

0.0 kVAR
Percent VD 0.0 %

LF 0 A

RO FEED Pump4-P2

0.0 kW
0.0 kVAR

Percent VD 0.0 %
LF 0 A

BUS-0106

MF FEED PUMP1
75.000 kW

160A MF FEED PUMP1-Q13

VSD05

BUS-0109

MF FEED PUMP1-P1
88.3 kW

66.1 kVAR
Percent VD 0.2 %

LF 164 A

MF FEED PUMP1-P2
79.2 kW
38.3 kVAR
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Figure 136 - Substation S11 & RO Plant 415V  Switchboard –One Line Diagram with Short Circuit Fault Currents 
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12.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the transformer and Main Incomer in the RO Plant SWBD and its Busbars. The 

protection device settings required to achieve the protection co-ordination shown on the TCC diagram are 

provided on the following pages. 

 

Figure 137: RO Plant SWBD Incomer ACB & 11kV Transformer Protection Relay - TCC 

The RO Plant SWBD Feeder cable CBL-0052 (4x500mm², 4C+E PVC), with a current-carrying capacity of 

1872A and maximum demand load of 1228A, is protected by a 2000A Incomer ACB with new long time 

pick up setting of 1800A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload 

protection of the cable is as follows: Ib=1228≤In=1800≤Iz=1872A. The existing selected Ir setting of 1600A 

is acceptable but it can be increased to 1800A to improve the reliability of the switchboard. The selected 
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short time pick up current of 3000A is the lowest value that provides a Cat.1 arc flash rated switchboard. 

Any setting higher than this would provide a Cat.3 switchboard which is not acceptable.  

Shown on the below TCC are the largest Drive MCCB coordinated with the incomer ACB for the calculated 

faults and no issue is found on the settings as shown.  

 

Figure 138 - RO Plant SWBD Incomer & 200kW Drive Protection - TCC 

The 200kW RO Feed Pumps cables (150mm², 3C+E PVC), with a current-carrying capacity of 290A and 

pump full load current of 325A, is protected by a 400A MCCB with its existing long time pick up setting of 

0.8xIn=320A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the 

cable is as follows: Ib=325≤In=320≤Iz=290A. The existing selected Ir setting of 320A is lower than the pump 

full load current and new Ir setting of 400A is recommended. The existing cable size on-site needs to be 
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checked and verified for suitability. The existing short time pick up setting of pump's MCCB is set at 

11xIn=4400 that does not discriminate with the Incomer ACB setting of 3000A, new settings as shown on 

the above TCC are recommended.  

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the next largest drive in the Switchboard and its Busbars. The protection device 

settings required to achieve the protection co-ordination shown on the TCC diagram are provided on the 

following pages. 

 

Figure 139: RO Plant SWBD Incomer & 75kW Drive CB Protection - TCC 
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12.1.1.1 Protection Device Setting Parameters for RO Plant Switchboard  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report:  
 

 Project Name:      LUGGAGE 

 TCC Name:          tcc49.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A RO FEED Pump1-Q09                    TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    EATON 

 Description:     AE400 

 Type:            NZMN3                                                         

 AIC Rating:      50kA                                      Fault Duty:       24916.4A 

 Frame:           NZMN3 690V 400A                           Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            400A 

 Setting: 1) Ir, (0.5-1)            1.0          (400A) 

          2) Ii, (2-11)             7            (2800A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A RO FEED Pump2-Q10                    TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM 10 400S                                                   

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           NZM 10 400S 690V 400A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            400A 

 Setting: 1) Ir, (200-400)          400          (400A) 

          2) Irm, (2-12)            7            (2800A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A RO FEED Pump3-Q11                    TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    EATON 

 Description:     AE400 

 Type:            NZMN3                                                         

 AIC Rating:      50kA                                      Fault Duty:       24916.4A 

 Frame:           NZMN3 690V 400A                           Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            400A 

 Setting: 1) Ir, (0.5-1)            1.0          (400A) 

          2) Ii, (2-11)             7            (2800A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A RO FEED Pump4-Q12                    TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM 10 400S                                                   

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           NZM 10 400S 690V 400A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            400A 

 Setting: 1) Ir, (200-400)          400          (400A) 

          2) Irm, (2-12)            7            (2800A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     160A MF FEED PUMP1-Q13                    TCC Name:         tcc49.tcc 
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 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    EATON 

 Description:     AE160 

 Type:            NZM 2                                                         

 AIC Rating:      50kA                                      Fault Duty:       24916.4A 

 Frame:           NZM 2 690V 160A                           Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            160A 

 Setting: 1) Ir, (125-160)          160          (160A) 

          2) Ii, (8-14)             12           (1920A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     160A MF FEED PUMP2-Q14                    TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-160S-M                                                   

 AIC Rating:      65kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-160S-M 690V 160A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            160A 

 Setting: 1) Ir, (125-160)          160          (160A) 

          2) Irm, (6-14)            14           (2240A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     160A MF FEED PUMP3-Q15                    TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-160S-M                                                   

 AIC Rating:      65kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-160S-M 690V 160A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            160A 

 Setting: 1) Ir, (125-160)          160          (160A) 

          2) Irm, (6-14)            14           (2240A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     80A RO CIP TANK HEATER-Q19                TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-80S                                                      

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-80S 690V 80A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            80A 

 Setting: 1) Ir, (63-80)            80           (80A) 

          2) Irm, (8-12)            8            (640A) 

  

 

----------------------------------------------------------------------------------------- 

 Device Name:     80A MF CIP TANK HEATER-Q18                TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-80S                                                      

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-80S 690V 80A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            80A 

 Setting: 1) Ir, (63-80)            80           (80A) 

          2) Irm, (8-12)            8            (640A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     125A PRODUCT WATER TRANS PUMP1            TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 
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 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-125S-M                                                   

 AIC Rating:      65kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-125S-M 690V 125A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            125A 

 Setting: 1) Ir, (80-125)           110          (110A) 

          2) Irm, (6-14)            12           (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     125A PRODUCT WATER TRANS PUMP2            TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-125S-M                                                   

 AIC Rating:      65kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-125S-M 690V 125A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            125A 

 Setting: 1) Ir, (80-125)           110          (110A) 

          2) Irm, (6-14)            12           (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     40A FLUSHING PUMP1-Q03                    TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-40-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           ZMR-40-PKZ2 690V 40A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            40A 

 Setting: 1) Ir, (32-40)            40           (40A) 

          2) Irm, (350-500)         450          (450A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     40A FLUSHING PUMP2-Q04                    TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-40-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           ZMR-40-PKZ2 690V 40A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            40A 

 Setting: 1) Ir, (32-40)            40           (40A) 

          2) Irm, (350-500)         450          (450A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     25A WASH WATER TRANS PUMP1                TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-25-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           ZMR-25-PKZ2 690V 25A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            25A 

 Setting: 1) Ir, (16-25)            25           (25A) 

          2) Irm, (200-350)         300          (300A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     25A WASH WATER TRANS PUMP2                TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 
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 Description:     PKZ2 

 Type:            ZMR-25-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           ZMR-25-PKZ2 690V 25A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            25A 

 Setting: 1) Ir, (16-25)            25           (25A) 

          2) Irm, (200-350)         300          (300A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     125A REVERSE FILT PUMP1-Q16               TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-125S-M                                                   

 AIC Rating:      65kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-125S-M 690V 125A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            125A 

 Setting: 1) Ir, (80-125)           110          (110A) 

          2) Irm, (6-14)            14           (1750A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     40A DB1G-Q25                              TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-40S                                                      

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-40S 690V 40A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            40A 

 Setting: 1) Ir, (25-40)            25           (24.8A) 

          2) Irm, (9-12)            9            (360A) 

  

  ----------------------------------------------------------------------------------------- 

 Device Name:     160A DB1A-Q26                             TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-160S                                                     

 AIC Rating:      65kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-160S-M 690V 160A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            160A 

 Setting: 1) Ir, (125-160)          125          (124.8A) 

          2) Irm, (6-12)            6            (960A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q02                                       TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Air Circuit Breaker 

 Type:            ATXX-AOR-1BL                                                  

 AIC Rating:      65kA ShortTime:65                         Fault Duty:       24916.4A 

 Frame:           AT20 415V 2000A                           Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          2000A 

 Plug:            2000A 

 Setting: 1) LTPU [I1]              0.9          (1800A) 

          2) LTD [T1]               0.5sec       

          3) STPU [I2]              1.5          (3000A) 

          4) STD-I2T [T2]           0.08        I^2 t Out 

          5) INST [I3]              2            (4000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q01                                       TCC Name:         tcc49.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 
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 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Air Circuit Breaker 

 Type:            ATXX-AOR-1BL                                                  

 AIC Rating:      65kA ShortTime:65                         Fault Duty:       24916.4A 

 Frame:           AT20 415V 2000A                           Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          2000A 

 Plug:            2000A 

 Setting: 1) LTPU [I1]              0.9          (1800A) 

          2) LTD [T1]               0.5sec       

          3) STPU [I2]              1.5          (3000A) 

          4) STD-I2T [T2]           0.08        I^2 t Out 

          5) INST [I3]              2            (4000A) 

 

  ----------------------------------------------------------------------------------------- 

 Device Name:     125A REVERSE FILT PUMP2-Q17               TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-125S-M                                                   

 AIC Rating:      65kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-125S-M 690V 125A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            125A 

 Setting: 1) Ir, (80-125)           110          (110A) 

          2) Irm, (6-14)            14           (1750A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     63A ROCIP PUMP-Q29                        TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-63S                                                      

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-63S 690V 63A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            63A 

 Setting: 1) Ir, (40-63)            50           (49.8A) 

          2) Irm, (8-12)            12           (756A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     16A MF CIP PUMP-Q26                       TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         190          (189.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     1.6A NaOH TRANSFER PUMP-Q27               TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-1.6-PKZ2                                                  

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           ZMR-1.6-PKZ2 690V 2A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            2A 

 Setting: 1) Ir, (1-1.6)            1.4          (1.4A) 

          2) Irm, (14-22)           20           (20A) 

  

 ----------------------------------------------------------------------------------------- 
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 Device Name:     1.6A NaOCI TRANSFER PUMP-Q28              TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-1.6-PKZ2                                                  

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           ZMR-1.6-PKZ2 690V 2A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            2A 

 Setting: 1) Ir, (1-1.6)            1.4          (1.4A) 

          2) Irm, (14-22)           20           (20A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     80ACITRIC ACID TANK HEATER-Q20            TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-80S                                                      

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-80S 690V 80A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            80A 

 Setting: 1) Ir, (63-80)            63           (62.4A) 

          2) Irm, (8-12)            8            (640A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     1.6A INFLOW TRANSFER PUMP                 TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-1.6-PKZ2                                                  

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           ZMR-1.6-PKZ2 690V 2A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            2A 

 Setting: 1) Ir, (1-1.6)            1.4          (1.4A) 

          2) Irm, (14-22)           18           (18A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     80A COMPRESSOR1 PANEL-Q22                 TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    Schneider 

 Description:     TemBreak MCCB 

 Type:            NSX100-TM80D                                                  

 AIC Rating:      50kA                                      Fault Duty:       24916.4A 

 Frame:           NSX100-TM80D 440V 80A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            80A 

 Setting: 1) Ir, (0.63-1 x T)       1            (80A) 

          2) Ii, (6-13)             8            (640A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     80A COMPRESSOR2 PANEL-Q23                 TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    Schneider 

 Description:     TemBreak MCCB 

 Type:            NSX100-TM80D                                                  

 AIC Rating:      50kA                                      Fault Duty:       24916.4A 

 Frame:           NSX100-TM80D 440V 80A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            80A 

 Setting: 1) Ir, (0.63-1 x T)       1            (80A) 

          2) Ii, (6-13)             8            (640A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     40A AIR COND PANEL-Q24                    TCC Name:         tcc50.tcc 

 Bus Name:        RO PLANT SWBD                             Bus Voltage:      415.0V 
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 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-40H                                                      

 AIC Rating:      20kA                                      Fault Duty:       24916.4A 

 Frame:           NZM7-40H 690V 40A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            40A 

 Setting: 1) Ir, (25-40)            25           (24.8A) 

          2) Irm, (8-12)            9            (360A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     10A Q33                                   TCC Name:         tcc50.tcc 

 Bus Name:        DOSING PUMPS CONTROL PANEL                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Miniature CB 

 Type:            Din-T10                                                       

 AIC Rating:      10kA ShortTime:10                         Fault Duty:       17001.5A 

 Frame:           10 415V 10A                               Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal                              

          2) Earth Leakage (30mA)                 

          3) Earth Leakage (100mA                 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     10A Q30                                   TCC Name:         tcc50.tcc 

 Bus Name:        DOSING PUMPS CONTROL PANEL                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Miniature CB 

 Type:            Din-T10                                                       

 AIC Rating:      10kA ShortTime:10                         Fault Duty:       17001.5A 

 Frame:           10 415V 10A                               Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal                              

          2) Earth Leakage (30mA)                 

          3) Earth Leakage (100mA                 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     10A Q34                                   TCC Name:         tcc50.tcc 

 Bus Name:        DOSING PUMPS CONTROL PANEL                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Miniature CB 

 Type:            Din-T10                                                       

 AIC Rating:      10kA ShortTime:10                         Fault Duty:       17001.5A 

 Frame:           10 415V 10A                               Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal                              

          2) Earth Leakage (30mA)                 

          3) Earth Leakage (100mA                 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     10A Q31                                   TCC Name:         tcc50.tcc 

 Bus Name:        DOSING PUMPS CONTROL PANEL                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Miniature CB 

 Type:            Din-T10                                                       

 AIC Rating:      10kA ShortTime:10                         Fault Duty:       17001.5A 

 Frame:           10 415V 10A                               Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal                              

          2) Earth Leakage (30mA)                 

          3) Earth Leakage (100mA                 

  

 ----------------------------------------------------------------------------------------- 
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 Device Name:     10A Q35                                   TCC Name:         tcc50.tcc 

 Bus Name:        DOSING PUMPS CONTROL PANEL                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Miniature CB 

 Type:            Din-T10                                                       

 AIC Rating:      10kA ShortTime:10                         Fault Duty:       17001.5A 

 Frame:           10 415V 10A                               Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal                              

          2) Earth Leakage (30mA)                 

          3) Earth Leakage (100mA                 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     10A Q32                                   TCC Name:         tcc50.tcc 

 Bus Name:        DOSING PUMPS CONTROL PANEL                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Miniature CB 

 Type:            Din-T10                                                       

 AIC Rating:      10kA ShortTime:10                         Fault Duty:       17001.5A 

 Frame:           10 415V 10A                               Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal                              

          2) Earth Leakage (30mA)                 

          3) Earth Leakage (100mA                 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     10A Q36                                   TCC Name:         tcc50.tcc 

 Bus Name:        DOSING PUMPS CONTROL PANEL                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Miniature CB 

 Type:            Din-T10                                                       

 AIC Rating:      10kA ShortTime:10                         Fault Duty:       17001.5A 

 Frame:           10 415V 10A                               Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal                              

          2) Earth Leakage (30mA)                 

          3) Earth Leakage (100mA                 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     10A Q37                                   TCC Name:         tcc50.tcc 

 Bus Name:        DOSING PUMPS CONTROL PANEL                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     Miniature CB 

 Type:            Din-T10                                                       

 AIC Rating:      10kA ShortTime:10                         Fault Duty:       17001.5A 

 Frame:           10 415V 10A                               Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal                              

          2) Earth Leakage (30mA)                 

          3) Earth Leakage (100mA         

   

12.1.1.2 AS3000: 2007 Compliance Check of RO Plant SWBD  Switchboard   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• Q01 & Q02 : 2000A Terasaki type “TemPower AT20”, Air Circuit Breaker (ACB) on the Incomer to 

RO Switchboard with short time pick up setting of 3000A clears the fault in 0.08 sec.; 
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• R.O Feed Pumps 400A MCCBs with short time pick up setting of 2800A clears the fault in 0.1 sec.; 

• MF Feed Pumps 160A MCCBs with short time pick up setting of 1920A clears the fault in 0.1 sec.; 

• R.O & MF CIP Tank Heaters: 80A MCCBs with short time pick up setting of 640A clears the fault in 

0.1 sec.; 

• Product Water Transfer Pumps 125A MCCBs with short time pick up setting of 1500A clears the 

fault in 0.1 sec.; 

• Flushing Pumps 40A MCCBs with short time pick up setting of 450A clears the fault in 0.1 sec.; 

• Washwater Transfer Pump 25A MCCB with short time pick up setting of 300A clears the fault in 0.1 

sec.; 

• RO CIP Pump 40A MCCB with short time pick up setting of 450A clears the fault in 0.1 sec.; 

After determining the values of Ia for all equipment on the switchboard, we need to calculate the value of 

Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential voltages. 

Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 100MA Per 

Unit bases for all equipment:   
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Figure 140: RO Plant SWBD Switchboard - One Line Diagram with Bus Bar Impedances

FROM SUBSTATION S3

STD-BY

DUTY

STD-BYDUTYDUTYDUTY STD-BYDUTYDUTY

FDR 31

S11-BP RO PLNTZ1 1.2272 pu

Z2 1.2272 pu

Zo  11.8817 pu

FDR 43

S

XF2-0011

BUS-0039

FDR 42

S

XF2-0012

BUS-0040

RO PLANT SWBD

Z1 5.5835 pu

Z2 5.5835 pu

Zo  5.4615 pu

BUS-0069
BUS-0070

CBL-0052

Open Q01 Q02

RO FEED Pump1 200kW

400A RO FEED Pump1-Q09

VSD01

FLUSHING PUMP1-P1

40A FLUSHING PUMP1-Q03

FLUSHING PUMP1

BUS-0088

PRODUCT WATER TRANS PUMP2-P1

125A PRODUCT WATER TRANS PUMP2

PRODUCT WATER TRANS PUMP2

BUS-0089

MISC DB1A

WASH WATER TRANS PUMP1-P1

25A WASH WATER TRANS PUMP1

WASH WATER TRANS PUMP1

BUS-0090

Z1 35.0126 pu

Z2 35.0126 pu

Zo  53.0400 pu

WASH WATER TRANS PUMP2-P1

25A WASH WATER TRANS PUMP2

WASH WATER TRANS PUMP2

BUS-0091

FLUSHING PUMP2-P1

40A FLUSHING PUMP2-Q04

FLUSHING PUMP2

BUS-0092

Z1 15.3602 pu

Z2 15.3602 pu

Zo  21.4501 pu

PRODUCT WATER TRANS PUMP1-P1

125A PRODUCT WATER TRANS PUMP1

PRODUCT WATER TRANS PUMP1

BUS-0093

Z1 10.8654 pu

Z2 10.8654 pu

Zo  14.4143 pu

RO FEED Pump1-P1

RO FEED Pump1-P2

BUS-0097
Z1 11.1531 pu

Z2 11.1531 pu

Zo  673435072.0000 pu

RO FEED Pump2

400A RO FEED Pump2-Q10

VSD02

RO FEED Pump2-P1

RO FEED Pump2-P2

BUS-0100

RO FEED Pump3

VSD03

RO FEED Pump3-P1

RO FEED Pump3-P2

BUS-0103

RO FEED Pump4

400A RO FEED Pump4-Q12

VSD04

RO FEED Pump4-P1

RO FEED Pump4-P2

BUS-0106

MF FEED PUMP1

160A MF FEED PUMP1-Q13

VSD05

BUS-0109

Z1 29.4202 pu

Z2 29.4202 pu

Zo  673435072.0000 pu

MF FEED PUMP1-P1

MF FEED PUMP1-P2

MF FEED PUMP2

160A MF FEED PUMP2-Q14

VSD06

BUS-0112

MF FEED PUMP2-P1

MF FEED PUMP2-P2

MF FEED PUMP3

160A MF FEED PUMP3-Q15

VSD07

BUS-0115

MF FEED PUMP3-P1

MF FEED PUMP3-P2

REVERSE FILT PUMP1

125A REVERSE FILT PUMP1-Q16

VSD08

BUS-0118

Z1 40.1660 pu

Z2 40.1660 pu

Zo  673435072.0000 pu

REVERSE FILT PUMP1-P1

REVERSE FILT PUMP1-P2

REVERSE FILT PUMP2

125A REVERSE FILT PUMP2-Q17

VSD09

BUS-0121
Z1 40.1351 pu

Z2 40.1351 pu

Zo  673435072.0000 pu

REVERSE FILT PUMP2-P1

REVERSE FILT PUMP2-P2

MF CIP TANK HEATER-P1

80A MF CIP TANK HEATER-Q18

BUS-0094

RO CIP TANK HEATER-P1

80A RO CIP TANK HEATER-Q19

BUS-0122

Z1 11.5547 pu

Z2 11.5547 pu

Zo  17.6564 pu

CITRIC ACID TANK HEATER-P1

80ACITRIC ACID TANK HEATER-Q20

BUS-0123

INFLOW TRANSFER PUMP-P1

1.6A INFLOW TRANSFER PUMP

INFLOW TRANSFER PUMP

BUS-0124

Z1 17.7693 pu

Z2 17.7693 pu

Zo  25.1767 pu

COMPRESSOR1 PANEL-P1

80A COMPRESSOR1 PANEL-Q22

COMPRESSOR1 PANEL

BUS-0125

Z1 17.4941 pu

Z2 17.4941 pu

Zo  25.1767 pu

COMPRESSOR2 PANEL-P2

80A COMPRESSOR2 PANEL-Q23

COMPRESSOR2 PANEL

BUS-0126

AIR COND PANEL-P1

40A AIR COND PANEL-Q24

BUS-0127

DOSING PUMPS CONTROL PANEL-P1

63A DOSING PUMPS CONTROL PANEL

DOSING PUMPS CONTROL PANEL

Z1 8.1828 pu

Z2 8.1828 pu

Zo  9.3806 pu

NaOH DOSING PUMP1

VSD10

BUS-0130

NaOH DOSING PUMP1-P1

NaOCI MF FEED WA DOS PUMP1

VSD12

BUS-0132

NaOCI MF FEED WA DOS PUMP1-P1

NaOCI MF REV FILT DOS PUMP1

VSD14

BUS-0134

NaOCI MF REV FILT DOS PUMP1-P1

MF CIP PUMP-P1

16A MF CIP PUMP-Q26

MF CIP PUMP

BUS-0128

NaOH TRANSFER PUMP-P1

1.6A NaOH TRANSFER PUMP-Q27

NaOH TRANSFER PUMP

BUS-0135

Z1 100.1748 pu

Z2 100.1748 pu

Zo  156.5255 pu

NaOCI TRANSFER PUMP-P1

1.6A NaOCI TRANSFER PUMP-Q28

NaOCI TRANSFER PUMP

BUS-0138

ROCIP PUMP-P1

63A ROCIP PUMP-Q29

ROCIP PUMP

BUS-0139

DB1G

CBL-0054

400A RO FEED Pump3-Q11

10A Q30 10A Q31 10A Q3210A Q33 10A Q34 10A Q35

FDR42- VIP
FDR43- VIP

RO CIP TANK HEATER MF CIP TANK HEATER

CITRIC ACID TANK HEATER AIR COND PANEL

NaOH DOSING PUMP2

VSD21

BUS-0137

NaOH DOSING PUMP2-P1

NaOCI MF FEED WA DOS PUMP2

VSD22

BUS-0141

NaOCI MF FEED WA DOS PUMP2-P1

NaOCI MF REV FILT DOS PUMP2

VSD23

BUS-0144

NaOCI MF REV FILT DOS PUMP2-P1

10A Q36

PERMEATE DOS PUMP1

BUS-0145

PERMEATE DOS PUMP1-P1

10A Q37

PERMEATE DOS PUMP2

BUS-0182

PERMEATE DOS PUMP1-P2

40A DB1G-Q25 160A DB1A-Q26
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The Earth Fault Loop Impedance on the RO Plant SWBD Bus Bars is Zo = 5.46 Per Unit (pu) on 100MVA base. In order 

to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.009 and the short time protection setting of the main incomer Q02 is 3000A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.009x3000=28.2 Volts which trips in 0.1 seconds. The trip time for 27 Volts on Figure B4 

of AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on all VSD controlled Pumps' Field Terminal Box is infinity due to being controlled 

by VSD, therefore their touch voltage would be zero and design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance  on the large MCCBs is 17.6 Per Unit (pu) on 100MVA base on 80A MCCB. 

Using the above formula, the ohmic value Zs=17.6x0.0017=0.03Ώ.  So, Zs =0.03Ω and the short time protection 

setting of the circuit breaker is a fixed value of 640A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0.03x640=19.4 Volts which trips in 0.1 second. The trip time for 19 Volts on Figure 

B4 of AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements 

of Clause 5.7.4 of AS3000:2007. 

All calculated Earth Fault Loop Impedances on this switchboard with the given settings are below the maximum 

acceptable limits and there is not any touch voltage issue on this switchboard.  

12.1.1.3 Arc Flash Evaluation of RO Plant SWBD  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the new 415V RAS 2 

Switchboard and its downstream DBs:    

 

Figure 141 -  RO Plant SWBD Switchboard Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V RO Plant SWBD Switchboard is level 1 at the Switchboards Busbars. The arc flash 

category on all of the downstream DBs is Cat.0. The following labels are recommended to be shown on the 

switchboard's front door for PPE Requirements:  

  

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 5.46x0.0017 

Zs = 0.009Ώ (Earth Fault Loop Impedance in the Switchboard) 
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Figure 142- 415V RO Plant Switchboard Arc Flash Labels 
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13 LUGGAGE POINT STP – SUBSTATION S3 & 415V SLUDGE DEWATERING SWITCHBOARD 

POWER SYSTEM ANALYSIS 

11kV power supply to the 415V Sludge Dewatering & Sludge Lifter Switchboard is fed from the 11kV Ring Substation 

S3 via two feeders:  

• Feeder 18 connected to upstream 11kV Substation 8; 

• Feeder 31 connected to downstream 11kV Substation S11 

The Substation S3 comprises of one 300kVA, 11kV/415V transformer feeding Sludge Dewatering 415V Switchboard 

and one off 200kVA, 11kV/415V transformer feeding Sludge Lifter 415V Switchboard (which is mostly 

decommissioned).  

The following system data are applicable for each component of Substation S3 and 415V Switchboards: 

11kV Substation S3: 

• Max Demand - Maximum demand load of Substation S3 is: 

Load on XF2-0007 feeding Sludge Lifter SWBD: 34.6kW; 

Load on XF2-0008 feeding Sludge Dewatering SWBD: 130.3kW; 

 Making maximum demand load of the Sludge Dewatering Switchboard is: 129.2kW (234A)  

• Voltage Drop: there is no issue with voltage drop on the Substation S3 and 415V Switchboards.  

• Fault Levels on the 415V Switchboards:  

3 phase fault level on the Sludge Lifter SWBD is: 6.592kA; 

1 phase to ground fault level on the Sludge Lifter SWBD is: 6.714kA; 

3 phase fault level on the Sludge Dewatering SWBD is: 8.776kA; 

1 phase to ground fault level on the Sludge Dewatering SWBD is: 8.346kA; 

The Belt Filter Press and Centrifuge Switchboard incorporates the following circuit breakers: 

• Q07 : 400A Moeller type “NZM10-400 N”, MCCB on the Incomer to Filter Press Switchboard; 

• CN1 Cont Pan Supply-Q10 : 60A Moeller type “NZM7-63 S”, MCCB; 

• CN2 Cont Pan Supply-Q11: 60A Moeller type “NZM7-63 S”, MCCB; 

• Poly Dosing PU 1-Q12 : 2.4A Moeller type “NZM-4-PKZ 2”, MCCB; 

• Poly Dosing PU 2-Q13 : 2.4A Moeller type “NZM-4-PKZ 2”, MCCB; 

• Sludge Pump 1-Q11 : 24A Moeller type “ZM-32-PKZ2”, MCCB; 

• CN1 Main Drive-Q11 : 160A Moeller type “NZM7-200S-M”, MCCB; 

• CN2 Main Drive-Q12 : 160A Moeller type “NZM7-200S-M”, MCCB; 

• BF 3 Air Comp-Q13 : 16A Moeller type “ZMR-16-PKZ 2”, MCCB; 

• Sludge Muncher-Q11 : 6A Moeller type “ZMR-6-PKZ 2”, MCCB; 

• BF3 & CN Filter PU1-Q15 : 16A Moeller type “ZMR-16-PKZ 2”, MCCB; 

• BF3 & CN Filter PU2-Q16 : 16A Moeller type “ZMR-16-PKZ 2”, MCCB 

• BF3 & CN Com Conveior-Q14 : 16A Moeller type “ZMR-16-PKZ 2”, MCCB; 

• Stack Conveyor-Q15 : 4.5A Moeller type “ZMR-6-PKZ 2”, MCCB; 

• Sludge Handling-Q16 : 125A Schneider type “NSX/160F”, MCCB; 
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The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S3 and its 415V Switchboards.  



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 257 of 372 

    

Figure 143 – Substation S3 & Sludge Dewatering 415V Switchboard  –One Line Diagram with Input Data 

FROM SUBSTATION 8

TO SUBSTATION 11

Feeder 18

(1) Size 95 mm2

Copper 3 Wire

XLS3

185.0 Meters

Ampacity 245.0 A

S3-RMU1

11000.0 V

Feeder 19

(1) Size 95 mm2

Copper 3 Wire

XLS3

10.0 Meters

Ampacity 245.0 A

S

XF2-0007

Size 200.00 kVA

Pri Delta

Sec Wye-Ground

%Z 3.9959 %

X/R 2.7

BUS-0027

SLUDGE LIFTER SWB

415.0 V

Sludge Lifter
40 Amps

Feeder 30

(1) Size 95 mm2

Copper 3 Wire

XLS3

450.0 Meters

Ampacity 245.0 A

S

XF2-0008

Size 300.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.0000 %

X/R 3.1

BUS-0030

BELT FILTER PRESS & CENTRIFUGE

415.0 V

STACK CONVEYOR LOAD

2 Amps

FDR 31

(1) Size 95 mm2

Copper 3 Wire

XLS3

300.0 Meters

Ampacity 245.0 A

CBL-0060
(1) Size 120 mm2

Copper 3-(1/C)

PVC

20.0 Meters

Ampacity 263.0 A

Q07

BUS-0282

CN1 MAIN DRIVE
90.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD34

CN1 MAIN DRIVE-P01

(1) Size 120 mm2

Copper 3 Wire+Grnd

PVC

25.0 Meters

Ampacity 263.0 A

BUS-0221

CN1 MAIN DRIVE-Q11

CN1 CONT PAN SUPPLY-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

25.0 Meters

Ampacity 46.0 A

CN1 CONT PAN SUPPLY-Q10

CN1 CONT PAN SUPPLY
22.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0222

SLUDGE PUMP1
15.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD35

CN1 SLUDGE PUMP1-P01

(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

15.0 Meters

Ampacity 100.0 A

BUS-0224

SLUDGE PUMP1-Q11

POLY DOSING PU1
0.550 kW

Load Factor 1.00

X"d 0.03 pu

VSD36

POLY DOSING PU1-P01

(1) Size 4 mm2

Copper 3 Wire+Grnd

PVC

15.0 Meters

Ampacity 58.0 A

BUS-0226

POLY DOSING PU1-Q12

CN2 MAIN DRIVE
90.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD37

CN2 MAIN DRIVE-P02

(1) Size 120 mm2

Copper 3 Wire+Grnd

PVC

25.0 Meters

Ampacity 263.0 A

BUS-0228

CN2 MAIN DRIVE-Q12

CN2 CONT PAN SUPPLY-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

25.0 Meters

Ampacity 46.0 A

CN2 CONT PAN SUPPLY-Q11

CN2 CONT PAN SUPPLY
22.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0229

SLUDGE MUNCHER-P01
(1) Size 4 mm2

Copper 3 Wire+Grnd

PVC

22.0 Meters

Ampacity 58.0 A

SLUDGE MUNCHER-Q11

SLUDGE MUNCHER
4.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0231

SLUDGE PUMP2
15.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD38

CN2 SLUDGE PUMP2-P02

(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

15.0 Meters

Ampacity 100.0 A

BUS-0233

SLUDGE PUMP2-Q12

POLY DOSING PU2
0.550 kW

Load Factor 1.00

X"d 0.03 pu

VSD39

POLY DOSING PU2-P01

(1) Size 4 mm2

Copper 3 Wire+Grnd

PVC

15.0 Meters

Ampacity 58.0 A

BUS-0235

POLY DOSING PU2-Q13

BFP3 MAIN DRIVE
2.200 kW

Load Factor 1.00

X"d 0.03 pu

VSD40

BFP3 MAIN DRIVE-P01

(1) Size 4 mm2

Copper 3 Wire+Grnd

PVC

35.0 Meters

Ampacity 58.0 A

BUS-0237

BFP3 MAIN DRIVE-Q14

BELT WASH PU3-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

35.0 Meters

Ampacity 46.0 A

BELT WASH PU3-Q12

BELT WASH PU3
7.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0238

BFP3 AIR COMP-P01
(1) Size 4 mm2

Copper 3 Wire+Grnd

PVC

20.0 Meters

Ampacity 58.0 A

BFP3 AIR COMP-Q13

BFP3 AIR COMP
2.200 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0239

BFP3 CN COM CONVEIOR-P01
(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

12.0 Meters

Ampacity 77.0 A

BFP3 CN COM CONVEIOR-Q14

BFP3 CN COM CONVEIOR
0.750 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0240

BFP3&CN FILT PU1-P01
(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

38.0 Meters

Ampacity 77.0 A

BFP3&CN FILT PU1-Q15

BFP3&CN FILT PU1
7.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0241

BFP3&CN FILT PU2-P01
(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

38.0 Meters

Ampacity 77.0 A

BFP3&CN FILT PU2-Q16

BFP3&CN FILT PU2
7.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0242

SF04-16A

FDR30-25A

POLY DOSING PU3
0.550 kW

Load Factor 1.00

X"d 0.03 pu

VSD41

POLY DOSING PU3-P02

(1) Size 4 mm2

Copper 3 Wire+Grnd

PVC

15.0 Meters

Ampacity 58.0 A

BUS-0243

POLY DOSING PU3-Q13

SLUDGE PUMP3
15.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD49

SLUDGE PUMP3-P01

(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

15.0 Meters

Ampacity 100.0 A

BUS-0245

SLUDGE PUMP3-Q12

DILUTION WATER PU
15.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD50

DILUTION WATER PU-P01

(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

15.0 Meters

Ampacity 100.0 A

BUS-0247

DILUTION WATER PU-Q13

HYDRAULIC PUMP PK3-P01
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Figure 144 – Substation S3 & Sludge Dewatering 415V Switchboard –One Line Diagram with Load Flow and Voltage Drop 

TO SUBSTATION 11

FROM SUBSTATION 8
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Figure 145 - Substation S3 & Sludge Dewatering 415V  Switchboard –One Line Diagram with Short Circuit Fault Currents 

TO SUBSTATION 11

FROM SUBSTATION 8
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13.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the transformer and Main Incomer in the Sludge Dewatering Plant  SWBD and its 

Busbars. The protection device settings required to achieve the protection co-ordination shown on the TCC 

diagram are provided on the following pages. 

 

Figure 146: Sludge Dewatering Plant  SWBD Incomer MCCB & 11kV Transformer HV Fuses - TCC 

The Sludge Dewatering Plant  SWBD Feeder cable CBL-0060 (1x120mm², 4C+E PVC), with a current-carrying 

capacity of 263A and maximum demand load of 234A, is protected by a 400A Incomer MCCB with existing 

long time pick up setting 0f 250A. Compliance with the requirements of Clause 2.5.3 of AS3000 for 

overload protection of the cable is as follows: Ib=234A≤In=250≤Iz=263A. There is no issue with the existing 

selected Ir setting of 250A. The existing short time pick up current of 4xIr=1000A is also acceptable and 

provides a Cat.0 arc flash rated switchboard. Any setting higher than this would provide Cat.1 or higher 

switchboard which is not acceptable.  
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Shown on the below TCC are the largest Drive MCCB which is NOT coordinated with the incomer MCCB for 

the calculated faults and there is an issue with the existing settings as follows: 

• The existing setting on the incomer does not discriminate even with the minimum setting of the 

large drive and would pick up the faults before the Centrifuge Main Drive trips. Therefore, existing 

settings on the Main Incomer Q07 MCCB needs to be changed.   

 

Figure 147 - Sludge Dewatering Plant  SWBD Incomer & 200kW Drive Protection Existing Settings - TCC 

Shown below are the new settings for the Main Incomer with new settings: 
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Figure 148 - Sludge Dewatering Plant  SWBD Incomer & 200kW Drive Protection - TCC 

The 90kW Centrifuge Main Drive cables (120mm², 3C+E PVC), with a current-carrying capacity of 263A and 

full load current of 150A, is protected by a 200A MCCB with its existing long time pick up setting 0f 160A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=150≤In=160≤Iz=263A. There is no issue with the existing selected Ir setting of 160A.  

The existing short time pick up current of 12xIr=1920A is not suitable due to overlapping with the 

upstream protection device. It is recommended to decrease it to 6xIn=1200A and provide discrimination 

with Incomer Q07 as shown on the above TCC.  

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the next largest drive in the Switchboard and its Busbars. The protection device 

settings required to achieve the protection co-ordination shown on the TCC diagram are provided on the 

following pages. 
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Figure 149: Sludge Dewatering Plant  SWBD Incomer & 15kW Drive CB Protection - TCC 

The 15kW Pump cables (10mm², 3C+E PVC), with a current-carrying capacity of 100A and full load current 

of 25A, is protected by a 32A MCCB with its existing long time pick up setting 0f 24A. Compliance with the 

requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as follows: 

Ib=25≤In=24≤Iz=100A. The existing long time pick up setting is lower than the pump's full load current, it is 

recommended to increase to 32A to comply with the requirements of AS3000 as: Ib=25≤In=32≤Iz=100A.  

All other small drives will coordinate with the incomer MCCB due to their lower ratings and no issue is 

found on the existing settings.  
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Shown below is the TCC for the Sludge Filter SWBD HRC Fuses with upstream HV Fuses which shows no 

issue with sizing and selection of these protection devices: 

 

 

Figure 150 - Sludge Filter SWBD Protection TCC 
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13.1.1.1 Protection Device Setting Parameters for Sludge Dewatering Plant  Switchboard  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report:  
 

 Project Name:      LUGGAGE 

 TCC Name:          tcc59.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE CONVEYOR-Q16                       TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    Schneider 

 Description:     TemBreak MCCB 

 Type:            NSX100-TM80D                                                  

 AIC Rating:      50kA                                      Fault Duty:       8775.8A 

 Frame:           NSX100-TM80D 440V 80A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            80A 

 Setting: 1) Ir, (0.63-1 x T)       0.8          (64A) 

          2) Ii, (6-13)             8            (640A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SF04-16A                                  TCC Name:         tcc59.tcc 

 Bus Name:        S3-RMU1                                   Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    KEARNEY 

 Description:     1-200A 

 Type:            K Fuse Links                                                  

 AIC Rating:      8kA                                       Fault Duty:       4465.4A 

 Cartridge:       16K 15000V 16A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            16A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR30-25A                                 TCC Name:         tcc59.tcc 

 Bus Name:        S3-RMU1                                   Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    KEARNEY 

 Description:     1-200A 

 Type:            K Fuse Links                                                  

 AIC Rating:      8kA                                       Fault Duty:       4465.4A 

 Cartridge:       25K 15000V 25A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            25A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE LIFTER FUSE                        TCC Name:         tcc59.tcc 

 Bus Name:        SLUDGE LIFTER SWB                         Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     40-630A, Size 1+, IEC 

 Type:            170M_                                                         

 AIC Rating:      200kA                                     Fault Duty:       6591.9A 

 Cartridge:       170M 690V 315A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            315A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     BEACONS FUSE                              TCC Name:         tcc59.tcc 

 Bus Name:        SLUDGE LIFTER SWB                         Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     40-630A, Size 1+, IEC 

 Type:            170M_                                                         

 AIC Rating:      200kA                                     Fault Duty:       6591.9A 
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 Cartridge:       170M 690V 100A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     Q07                                       TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    Klockner Moeller 

 Description:     MCC 

 Type:            NZM10-400N                                                    

 AIC Rating:      25kA                                      Fault Duty:       8775.8A 

 Frame:           NZM10-400N 440V 400A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:              

 Setting: 1) Ir                     250          (252A) 

          2) tR                     8            

          3) Irmv                   7            (1764A) 

          4) tv                     10           

          5) Irm                    3            (3000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     STACK CONVEYOR-Q15                        TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              6            (6A) 

          2) Irm, (50-80)           60           (60A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     BFP3 CN COM CONVEIOR-Q14                  TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         190          (189.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     BFP3&CN FILT PU2-Q16                      TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         190          (189.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     BFP3&CN FILT PU1-Q15                      TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 
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 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         190          (189.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE MUNCHER-Q11                        TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              6            (6A) 

          2) Irm, (50-80)           80           (80A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     BFP3 AIR COMP-Q13                         TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         170          (169.9A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     HYDRAULIC PUMP PK3-Q14                    TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-4-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZMR-4-PKZ2 690V 4A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Ir, (2.4-4)            4            (4A) 

          2) Irm, (35-55)           45           (45A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     BELT WASH PU3-Q12                         TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         170          (169.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     DILUTION WATER PU-Q13                     TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-32-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZMR-32-PKZ2 690V 32A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 
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 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         375          (374.7A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     BFP3 MAIN DRIVE-Q14                       TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-6-PKZ2                                                     

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZM-6-PKZ2 690V 6A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              6            (6A) 

          2) Irm, (50-80)           80           (120A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     CN2 MAIN DRIVE-Q12                        TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-200S-M                                                   

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           NZM7-200S-M 690V 200A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            200A 

 Setting: 1) Ir, (160-200)          160          (160A) 

          2) Irm, (6-12)            6            (1200A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     CN1 MAIN DRIVE-Q11                        TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-200S-M                                                   

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           NZM7-200S-M 690V 200A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            200A 

 Setting: 1) Ir, (160-200)          160          (160A) 

          2) Irm, (6-12)            6            (1200A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE PUMP3-Q12                          TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         275          (274.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE PUMP2-Q12                          TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 
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          2) Irm, (275-425)         275          (274.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE PUMP1-Q11                          TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         275          (274.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     POLY DOSING PU3-Q13                       TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-4-PKZ2                                                     

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZM-4-PKZ2 690V 4A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Ir, (2.4-4)            4            (4A) 

          2) Irm, (35-55)           40           (40A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     POLY DOSING PU2-Q13                       TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-4-PKZ2                                                     

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZM-4-PKZ2 690V 4A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Ir, (2.4-4)            4            (4A) 

          2) Irm, (35-55)           40           (40A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     POLY DOSING PU1-Q12                       TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-4-PKZ2                                                     

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           ZM-4-PKZ2 690V 4A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Ir, (2.4-4)            4            (4A) 

          2) Irm, (35-55)           40           (40A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     CN2 CONT PAN SUPPLY-Q11                   TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-63S                                                      

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           NZM7-63S 690V 63A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            63A 

 Setting: 1) Ir, (40-63)            60           (59.8A) 

          2) Irm, (8-12)            10           (630A) 
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 ----------------------------------------------------------------------------------------- 

 Device Name:     CN1 CONT PAN SUPPLY-Q10                   TCC Name:         tcc59.tcc 

 Bus Name:        BELT FILTER PRESS & CENTRIFUGE            Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-63S                                                      

 AIC Rating:      20kA                                      Fault Duty:       8775.8A 

 Frame:           NZM7-63S 690V 63A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            63A 

 Setting: 1) Ir, (40-63)            60           (59.8A) 

          2) Irm, (8-12)            10           (630A) 

  

----------------------------------------------------------------------------------------- 

13.1.1.2 AS3000: 2007 Compliance Check of Sludge Dewatering Plant  SWBD     

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• Q07 : 400A Moeller type “NZM10-400 N”, MCCB on the Incomer to Filter Press Switchboard has 

been set for a long time pick up current of 250A in 8 sec. and to clear a fault of 1764A in 0.01 sec.; 

• CN1 & CN2 Cont Panel Supply-Q10 & Q11: 60A Moeller type “NZM7-63 S”, MCCB has been set for 

a long time pick up current of 60A on thermal curve and 630A in 0.1 sec.; 

• Poly Dosing Pumps-Q12, Q13, Q14 : 4A Moeller type “NZM-4-PKZ 2”, MCCB has been set to pick up 

a fault  current of 40A in 0.1 sec.; 

• Sludge Pumps -Q11,12&13: 32A Moeller type “ZM-32-PKZ2”, MCCB has been set to pick up a fault  

current of 275A in 0.1 sec.; 

• CN1 & CN2 Main Drive-Q11 @12 : 160A Moeller type “NZM7-200S-M”, MCCB has been set to pick 

up a fault  current of 1200A in 0.1 sec.; 

• BF 3 Air Comp-Q13 : 16A Moeller type “ZMR-16-PKZ 2”, MCCB has been set to pick up a fault  

current of 170A in 0.1 sec.; 

• Sludge Muncher-Q11 : 6A Moeller type “ZMR-6-PKZ 2”, MCCB has been set to pick up a fault  

current of 80A in 0.1 sec.; 

• BF3 & CN Filter PU1-Q15 : 16A Moeller type “ZMR-16-PKZ 2”, MCCB has been set to pick up a fault  

current of 170A in 0.1 sec.; 

• BF3 & CN Filter PU2-Q16 : 16A Moeller type “ZMR-16-PKZ 2”, MCCB has been set to pick up a fault  

current of 170A in 0.1 sec. 

• BF3 & CN Com Conveior-Q14 : 16A Moeller type “ZMR-16-PKZ 2”, MCCB has been set to pick up a 

fault  current of 170A in 0.1 sec.; 

• Stack Conveyor-Q15 : 6A Moeller type “ZMR-6-PKZ 2”, MCCB has been set to pick up a fault  

current of 60A in 0.1 sec.; 

After determining the values of Ia for all equipment on the switchboard, we need to calculate the values of 

Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential voltages. 

Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 100MA Per 

Unit bases for all equipment:   
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Figure 151: Sludge Dewatering Plant  SWBD Switchboard - One Line Diagram with Bus Bar Impedances
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POLY DOSING PU2

VSD39

POLY DOSING PU2-P01

BUS-0235
Z1 3808.0178 pu

Z2 3808.0178 pu

Zo  673435072.0000 pu

POLY DOSING PU2-Q13

BFP3 MAIN DRIVE

VSD40

BFP3 MAIN DRIVE-P01

BUS-0237
Z1 987.5475 pu

Z2 987.5475 pu

Zo  673435072.0000 pu

BFP3 MAIN DRIVE-Q14

BELT WASH PU3-P01

BELT WASH PU3-Q12

BELT WASH PU3

BUS-0238

BFP3 AIR COMP-P01

BFP3 AIR COMP-Q13

BFP3 AIR COMP

BUS-0239

Z1 73.4378 pu

Z2 73.4378 pu

Zo  113.0090 pu

BFP3 CN COM CONVEIOR-P01

BFP3 CN COM CONVEIOR-Q14

BFP3 CN COM CONVEIOR

BUS-0240

Z1 36.2295 pu

Z2 36.2295 pu

Zo  52.5547 pu

BFP3&CN FILT PU1-P01

BFP3&CN FILT PU1-Q15

BFP3&CN FILT PU1

BUS-0241

BFP3&CN FILT PU2-P01

BFP3&CN FILT PU2-Q16

BFP3&CN FILT PU2

BUS-0242

SF04-16A

FDR30-25A

POLY DOSING PU3

VSD41

POLY DOSING PU3-P02

BUS-0243

POLY DOSING PU3-Q13

SLUDGE PUMP3

VSD49

SLUDGE PUMP3-P01

BUS-0245

SLUDGE PUMP3-Q13

DILUTION WATER PU

VSD50

DILUTION WATER PU-P01

BUS-0247

DILUTION WATER PU-Q13

HYDRAULIC PUMP PK3-P01

HYDRAULIC PUMP PK3-Q14

HYDRAULIC PUMP PK3

BUS-0248

DB LOAD

STACK CONVEYOR-Q15

STACK CONVEYOR-P02

STACK CONVEYOR

Z1 36.2045 pu

Z2 36.2045 pu

Zo  52.5579 pu

SLUDGE CONVEYOR LOAD

SLUDGE HANDLING-P01

SLUDGE CONVEYOR

Z1 36.2045 pu

Z2 36.2045 pu
Zo  52.5579 pu

SLUDGE CONVEYOR-Q17

SLUDGE LIFTER FUSE

BEACONS

BEACONS FUSE

SLUDGE CONVEYOR-Q16
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The Earth Fault Loop Impedance on the Sludge Dewatering Plant  SWBD Bus Bars is Zo = 18.3 Per Unit (pu) on 

100MVA base. In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.032 and the short time protection setting of the main incomer Q07 is 1764A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.032x1764=55.6 Volts which trips in 0.1 seconds. The trip time for 55.6 Volts on Figure 

B4 of AS3000:2007 is 1.5 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on all VSD controlled Drives Field Terminal Box is infinity due to being controlled by 

VSD, therefore their touch voltage would be zero and design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance  on the Centrifuges 1 & 2 Control Panel is Zs=212.93 Per Unit (pu) on 100MVA base.  

Using the above formula, the ohmic value Zs=212.93x0.0017=0.367Ώ.  So, Zs =0.367Ω and the short time protection 

setting of the circuit breaker is set at 630A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 

is verified as follows:  0.367x630=231Volts which trips in 0.1 second. The trip time for 231 Volts on Figure B4 of 

AS3000:2007 is 0.15 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance  on a 16A MCCB is on the BFP3 Air Compressor which is Zs=113 Per Unit (pu) 

on 100MVA base.  Using the above formula, the ohmic value Zs=113x0.0017=0.195Ώ.  So, Zs =0.195Ω and the short 

time protection setting of the circuit breaker is set at 170A to trip in 0.1 seconds. Therefore, compliance with Clause 

5.7.4 of AS3000 is verified as follows:  0.195x170=33.1 Volts which trips in 0.1 second. The trip time for 33.1 Volts on 

Figure B4 of AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

All calculated Earth Fault Loop Impedances on this switchboard with the given settings are below the maximum 

acceptable limits and there is not any touch voltage issue on this switchboard.  

13.1.1.3 Arc Flash Evaluation of Sludge Dewatering Plant  SWBD  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the 415V Sludge 

Dewatering Area Switchboards:    

 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 18.3x0.0017 

Zs = 0.032Ώ (Earth Fault Loop Impedance in the Switchboard) 
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The highest PPE Level on the 415V Sludge Dewatering Plant  SWBD Switchboard is Cat. 0 at the Main Switchboard's 

Busbars. But the highest Arc Flash Category is on the Sludge Lifter Switchboard which is a Cat.2. The following labels 

are recommended to be shown on the switchboard's front door for PPE Requirements:  
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Figure 153- 415V Sludge Dewatering Plant  Switchboards Arc Flash Labels 
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14 LUGGAGE POINT STP – SUBSTATION S8 & 415V NITROGEN REMOVAL 1&2 SWITCHBOARD  

POWER SYSTEM ANALYSIS 

11kV power supply to the 415V Nitrogen Removal 1&2 Switchboard  is fed from the 11kV Ring Substation S8 via two 

feeders:  

• Feeder 40 connected to upstream 11kV Substation S2; 

• Feeder 18 connected to downstream 11kV Substation S3  

The Substation S8 comprises off one 300kVA, 11kV/415V transformer feeding Nitrogen Removal 1&2 Switchboard.  

The following system data are applicable for each component of Substation S8 and 415V Switchboard: 

11kV Substation S8: 

• Max Demand - Maximum demand load of Substation S8 is: 

Load on XF2-0006 Transformer feeding Nitrogen Removal SWBD3: 162.6kW; 

  Making maximum demand load of the Nitrogen Removal 1&2 Switchboard: 160.7kW (297A)  

• Voltage Drop: there is no issue with voltage drop on the Substation S8 and 415V Switchboard.  

• Fault Levels on the 415V Nitrogen Removal 1&2 Switchboard:  

3 phase fault level on the Nitrogen Removal SWBD3 is: 9.620kA; 

1 phase to ground fault level on the Nitrogen Removal SWBD2 is: 8.926kA; 

The Nitrogen Removal 1&2 Switchboard incorporates the following circuit breakers: 

• Q03 : 455A Moeller type “NZM10-630N”, MCCB on the Incomer to Nitrogen Removal 3&4 Switchboard; 

• MX001-BR1-Q02 : 4A Moeller type “ZMR-6-PKZ2”, MCCB; 

• MX022-BR1-Q03 : 5A Moeller type “ZMR-6-PKZ2”, MCCB; 

• MX023-BR3-Q04 : 8A Moeller type “ZMR-10-PKZ2”, MCCB; 

• PU001 BR1-Q06 : 28A Moeller type “ZM-32-PKZ2”, MCCB; 

• PU002 BR2-Q07 : 28A Moeller type “ZM-32-PKZ2”, MCCB; 

• PU001W1A-Q03 : 14A Moeller type “ZMR-16-PKZ2”, MCCB; 

• PS-1-Q10: 10A Moeller type “ZM-16-8-PKZ2”, MCCB. 

The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S9 and 415V Nitrogen Removal 1&2 Switchboard.  
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Figure 154 – Substation S8 & Nitrogen Removal 1&2 Switchboard  –One Line Diagram with Input Data 

EQUALANT LOAD OF 1.5kW MIXERS

TO SUB STATION S3

FROM SUB STATION S2

EQUALANT LOAD OF 2.3kW MIXERS
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ALL 3 PUMPS RUNNING AT 50%ALL 3 PUMPS RUNNING AT 50%

SUBSTATION S8

Feeder 40
(1) Size 95 mm2

Copper 3 Wire

XLS3

45.0 Meters

Ampacity 245.0 A
S8-NIT RMVL

11000.0 V

Feeder 39

(1) Size 95 mm2

Copper 3 Wire

XLS3

10.0 Meters

Ampacity 245.0 A

S

XF2-0006

Size 300.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.0000 %

X/R 3.1BUS-0023

NITROGEN REMOVAL 1&2

415.0 V

Feeder 18

(1) Size 95 mm2

Copper 3 Wire

XLS3

185.0 Meters

Ampacity 245.0 A

PU001 BR1
15.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD11

PU001 BR1-P01

(1) Size 10 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 100.0 A

BUS-0147

MX001-BR1-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 46.0 A

6A MX001-BR1-Q02

MX001-BR1
1.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0148

BUS-0179

CBL-0056
(1) Size 185 mm2

Copper 3-(1/C)

PVC

20.0 Meters

Ampacity 321.0 A

630A Q03

EQUALANT 18x1.5kW MX-P01
(20) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 920.0 A

EQUALANT 20x1.5kW MX
30.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0149

MX022-BR1-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 46.0 A

6A MX022-BR1-Q03

MX022-BR1
2.300 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0151

EQUALANT 3x2.3kW MX-P01
(3) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 138.0 A

EQUALANT 3x2.3kW MX
6.900 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0152

EQUALANT 18x1.5kW MX-P02
(21) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 966.0 A

EQUALANT 18x1.5kW MX0
31.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0153

MX023-BR1-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 46.0 A

10A MX023-BR1-Q04

MX023-BR1

4.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0154

EQUALANT 3x4kW MX-P01
(3) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 138.0 A

EQUALANT 3x4kW MX
12.000 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0155

32A PU001 BR1-Q06

EQUALANT 2x15kW PU
30.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD13

EQUALANT 2x15kW PU-P01

(2) Size 10 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 200.0 A

BUS-0157

PU002 BR2
15.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD15

PU002 BR2-P02

(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 77.0 A

BUS-0159

32A PU002 BR2-Q07

EQ 2x15kW PU-BR2
30.000 kW

Load Factor 1.00

X"d 0.03 pu

VSD16

EQ 2x15kW PU-BR2-P02

(2) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 154.0 A

BUS-0161

PU001W1A-P01
(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 77.0 A

16A PU001W1A-Q03

PU001W1A
7.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0162

FDR39-40A

PU001W1A-P03
(1) Size 6 mm2

Copper 3 Wire+Grnd

PVC

110.0 Meters

Ampacity 77.0 A

16A PU001W1A-Q05

PU001W1A1
7.500 kW

Load Factor 1.00

X"d 0.17 pu

BUS-0180

PU001W1A-P04
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 100.0 A

16A PS-1-Q10

24V DC&AC CONT SUPPLY LOADS

4 Amps

PS-1

GP-DB 1&2 FUSE

GP-DB 1&2-P01
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 100.0 A

GP-DB 1&2 LOADS

2 Amps

GP-DB 1&2

EA-DB 1&2 FUSE

EA-DB 1&2-P01
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 100.0 A

EA-DB 1&2 LOADS

2 Amps

EA-DB 1&2

DCS-DB 1&2 FUSE

DCS-DB 1&2-P01
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 100.0 A

24WAY DCS LOADS 1&2

2 Amps

DCS-DB 1&2

FORMIC ACID DOS DIAPHRAGM
0.750 kW

Load Factor 1.00

X"d 0.03 pu

VSD24

PU001FAD-P01

(1) Size 2.5 mm2

Copper 3 Wire+Grnd

PVC

20.0 Meters

Ampacity 46.0 A

BUS-0181

6A PU001FAD-Q08
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Figure 155 – Substation S8 & Nitrogen Removal 1&2 Switchboard –One Line Diagram with Load Flow and Voltage Drop 

EQUALANT LOAD OF 1.5kW MIXERS
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SUBSTATION S8

Feeder 40
2000.1 kW

1645.5 kVAR

Percent VD 0.0 %

LF 141 A S8-NIT RMVL

11000.0 V

LF Voltage 10584.36 V

LF Voltage Angle -0.49 deg

LF kW 1999.44 kW

LF kVAR 1645.24 kVAR

Feeder 39

162.6 kW

125.1 kVAR

Percent VD 0.0 %

LF 11 A

S

XF2-0006

162.6 kW

125.1 kVAR

Percent VD 2.3 %

BUS-0023

NITROGEN REMOVAL 1&2

415.0 V

LF Voltage 388.16 V

LF Voltage Angle -1.45 deg

LF kW 160.07 kW

LF kVAR 118.92 kVAR

Feeder 18

1836.8 kW

1520.2 kVAR

Percent VD 0.1 %

LF 130 A

PU001 BR1
15.000 kW

VSD11

PU001 BR1-P01

16.2 kW

7.7 kVAR

Percent VD 2.4 %

LF 25 A

BUS-0147

MX001-BR1-P01
1.6 kW

1.2 kVAR

Percent VD 1.0 %

LF 3 A

6A MX001-BR1-Q02

MX001-BR1
1.500 kW

BUS-0148

BUS-0179

CBL-0056
160.7 kW

119.3 kVAR

Percent VD 0.4 %

LF 297 A

630A Q03

EQUALANT 18x1.5kW MX-P01
32.1 kW

23.7 kVAR

Percent VD 1.0 %

LF 59 A

EQUALANT 20x1.5kW MX
30.000 kW

BUS-0149

MX022-BR1-P01
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

6A MX022-BR1-Q03

MX022-BR1
2.300 kW

BUS-0151

EQUALANT 3x2.3kW MX-P01
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

EQUALANT 3x2.3kW MX
6.900 kW

BUS-0152

EQUALANT 18x1.5kW MX-P02
33.7 kW

24.9 kVAR

Percent VD 1.0 %

LF 62 A

EQUALANT 18x1.5kW MX0
31.500 kW

BUS-0153

MX023-BR1-P01
4.4 kW

3.2 kVAR

Percent VD 2.7 %

LF 8 A

10A MX023-BR1-Q04

MX023-BR1

4.000 kW

BUS-0154

EQUALANT 3x4kW MX-P01
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

EQUALANT 3x4kW MX
12.000 kW

BUS-0155

32A PU001 BR1-Q06

EQUALANT 2x15kW PU
30.000 kW

VSD13

EQUALANT 2x15kW PU-P01

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

BUS-0157

PU002 BR2
15.000 kW

VSD15

PU002 BR2-P02

16.6 kW

7.7 kVAR

Percent VD 4.0 %

LF 25 A

BUS-0159

32A PU002 BR2-Q07

EQ 2x15kW PU-BR2
30.000 kW

VSD16

EQ 2x15kW PU-BR2-P02

33.2 kW

15.3 kVAR

Percent VD 4.0 %

LF 51 A

BUS-0161

PU001W1A-P01
8.2 kW

5.9 kVAR

Percent VD 2.1 %

LF 15 A

16A PU001W1A-Q03

PU001W1A
7.500 kW

BUS-0162

FDR39-40A

PU001W1A-P03
0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

16A PU001W1A-Q05

PU001W1A1
7.500 kW

BUS-0180

PU001W1A-P04
2.3 kW

1.7 kVAR

Percent VD 0.0 %

LF 4 A

16A PS-1-Q10

24V DC&AC CONT SUPPLY LOADS

4.000 Amps

PS-1

GP-DB 1&2 FUSE

GP-DB 1&2-P01
1.2 kW

0.9 kVAR

Percent VD 0.0 %

LF 2 A

GP-DB 1&2 LOADS

2.000 Amps

GP-DB 1&2

EA-DB 1&2 FUSE

EA-DB 1&2-P01
1.2 kW

0.9 kVAR

Percent VD 0.0 %

LF 2 A

EA-DB 1&2 LOADS

2.000 Amps

EA-DB 1&2

DCS-DB 1&2 FUSE

DCS-DB 1&2-P01
1.2 kW

0.9 kVAR

Percent VD 0.0 %

LF 2 A

24WAY DCS LOADS 1&2

2.000 Amps

DCS-DB 1&2

FORMIC ACID DOS DIAPHRAGM
0.750 kW

VSD24

PU001FAD-P01

0.8 kW

0.4 kVAR

Percent VD 0.1 %

LF 1 A

BUS-0181

6A PU001FAD-Q08
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Figure 156 - Substation S9 & Nitrogen Removal 1&2  Switchboard –One Line Diagram with Short Circuit Fault Currents 
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SUBSTATION S8

Feeder 40
Isc 3P 336 A

Isc SLG 56 A

Isc 3P 4451 A

Isc SLG 1147 A S8-NIT RMVL

Isc 3P 4766 A

Isc SLG 1200 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 39

Isc 3P 28 A

Isc SLG 5 A

Isc 3P 4733 A

Isc SLG 1195 A

S

XF2-0006

Isc 3P Pri 28 A

Isc SLG Pri 5 A

Isc 3P 9668 A

Isc SLG 9528 A
BUS-0023

NITROGEN REMOVAL 1&2

Isc 3P 9620 A

Isc SLG 8926 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 18

Isc 3P 308 A

Isc SLG 52 A

Isc 3P 4341 A

Isc SLG 1134 A

PU001 BR1
Isc 3P 854 A

VSD11

PU001 BR1-P01

Isc 3P 602 A

Isc 3P 101 A

BUS-0147

MX001-BR1-P01
Isc 3P 16 A

Isc SLG 10 A

Isc 3P 244 A

Isc SLG 204 A

6A MX001-BR1-Q02

MX001-BR1
Isc 3P 16 A

Isc SLG 9 A

BUS-0148

BUS-0179

CBL-0056
Isc 3P 787 A

Isc SLG 504 A

Isc 3P 8847 A

Isc SLG 8448 A

630A Q03

EQUALANT 18x1.5kW MX-P01
Isc 3P 320 A

Isc SLG 198 A

Isc 3P 3776 A

Isc SLG 3253 A

EQUALANT 20x1.5kW MX
Isc 3P 323 A

Isc SLG 183 A

BUS-0149

MX022-BR1-P01
Isc 3P 244 A

Isc SLG 204 A

6A MX022-BR1-Q03

MX022-BR1

BUS-0151

EQUALANT 3x2.3kW MX-P01
Isc 3P 715 A

Isc SLG 600 A

EQUALANT 3x2.3kW MX

BUS-0152

EQUALANT 18x1.5kW MX-P02
Isc 3P 336 A

Isc SLG 208 A

Isc 3P 3906 A

Isc SLG 3371 A

EQUALANT 18x1.5kW MX0
Isc 3P 339 A

Isc SLG 192 A

BUS-0153

MX023-BR1-P01
Isc 3P 42 A

Isc SLG 26 A

Isc 3P 244 A

Isc SLG 203 A

10A MX023-BR1-Q04

MX023-BR1

Isc 3P 43 A

Isc SLG 24 A

BUS-0154

EQUALANT 3x4kW MX-P01
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14.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the transformer and largest drive in the Nitrogen Removal 1&2 and its Busbars. The 

protection device settings required to achieve the protection co-ordination shown on the TCC diagram are 

provided on the following pages. 

 

Figure 157: Nitrogen Removal 1&2 Incomer & HV Fuses - TCC 

The Nitrogen Removal 1&2 Feeder cable CBL-0056 (185mm², 4C+E PVC), with a current-carrying capacity of 

321A and maximum demand load of 297A, is protected by a 630A Incomer MCCB with existing long time 

pick up setting of 455A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload 

protection of the cable is as follows: Ib=297≤In=455≤Iz=321A. The selected Ir setting of the circuit breaker 
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is larger than the maximum current carrying capacity of the cable, it is recommended to reduce the setting 

to Ir=400 to be closer to the cable's maximum rating to provide a better overload protection.   

Shown on the below TCC are the largest HRC Fuses which are coordinated with the upstream MCCB for the 

calculated faults and no issue is found on the settings as shown.  

 

Figure 158 - Nitrogen Removal 1&2 Incomer & HRC Fuses Protection - TCC 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest drive in the Switchboard and its Busbars. The protection device settings 

required to achieve the protection co-ordination shown on the TCC diagram are provided on the following 

pages. 
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Figure 159: Nitrogen Removal 1&2 Incomer & Largest CB Protection - TCC 

The selected Ir setting of the 15kW pump circuit breaker is 28A which is close to its full load current of 24A, 

it is recommended to increase the setting to Ir=32 to provide a reliable protection.  

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the smaller drives in the Switchboard. The protection device settings required to 

achieve the protection co-ordination shown on the TCC diagram are provided on the following pages. 
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Figure 160 - Small Drives CBs &Incomer TCC 

14.1.1.1 Protection Device Setting Parameters for Nitrogen Removal 1&2  Switchboard  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report:  
 

 Project Name:      LUGGAGE 

 TCC Name:          tcc46.tcc 
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 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 
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 ----------------------------------------------------------------------------------------- 

 Device Name:     6A MX001-BR1-Q02                          TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              6            (6A) 

          2) Irm, (50-80)           50           (50A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     6A MX022-BR1-Q03                          TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            6A 

 Setting: 1) Ir, (4-6)              6            (6A) 

          2) Irm, (50-80)           60           (60A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     10A MX023-BR1-Q04                         TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-10-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZMR-10-PKZ2 690V 10A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Ir, (4-6)              10           (10A) 

          2) Irm, (80-140)          120          (120A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     32A PU001 BR1-Q06                         TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         375          (374.7A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     32A PU002 BR2-Q07                         TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         375          (374.7A) 

  ----------------------------------------------------------------------------------------- 

 Device Name:     16A PU001W1A-Q03                          TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 
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 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         210          (209.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     16A PU001W1A-Q05                          TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         130          (129.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     16A PS-1-Q10                              TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-16-8-PKZ2                                                  

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZM-16-8-PKZ2 690V 16A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (80-140)          80           (80A) 

 ----------------------------------------------------------------------------------------- 

 Device Name:     GP-DB 1&2 FUSE                            TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     30-100A 

 Type:            HRC Form II, 600V                                             

 AIC Rating:      200kA                                     Fault Duty:       9620.1A 

 Cartridge:       HRC Form II 600V 100A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     EA-DB 1&2 FUSE                            TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     30-100A 

 Type:            HRC Form II, 600V                                             

 AIC Rating:      200kA                                     Fault Duty:       9620.1A 

 Cartridge:       HRC Form II 600V 100A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     6A PU001FAD-Q08                           TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-6-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           ZMR-6-PKZ2 690V 6A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 
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 Trip:            6A 

 Setting: 1) Ir, (4-6)              6            (6A) 

          2) Irm, (50-80)           50           (50A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     630A Q03                                  TCC Name:         tcc46.tcc 

 Bus Name:        NITROGEN REMOVAL 1&2                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM 10 630N                                                   

 AIC Rating:      20kA                                      Fault Duty:       9620.1A 

 Frame:           NZM 10 630N 690V 630A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            630A 

 Setting: 1) Ir, (300-630)          400          (396.9A) 

          2) Irm, (2-12)            4            (2520A) 

  

 ----------------------------------------------------------------------------------------- 

   

14.1.1.2 AS3000: 2007 Compliance Check of Nitrogen Removal 1&2  Switchboard   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• Nitrogen Removal -Q03: 630A Klockner Moeller (KM) type “NZM 10 630N”, MCCB on the Incomer 

of the Nitrogen Removal 1&2 is set at 400A for long time pickup and 4xIn=2520A for short time 

pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 15kW pumps: 32A KM type “PKZ 32”, MCCB set at 32A for long time 

pickup and 375A for short time pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 7.5kW pumps -Q08: 16A KM type “PKZ 32”, MCCB set at 16A for long 

time pickup and 220A for short time pick up, which will clear the fault in 0.1 second; 

• Various starter circuits on 10A MCCB set at 80A for short time pick up, which will clear the fault in 

0.1 second; 

• Various starter circuits on 4A MCCB set at 50A for short time pick up, which will clear the fault in 

0.1 second; 

 After determining the values of Ia for all equipment on these switchboards, we need to calculate the value 

of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages. Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 

100MA Per Unit bases for all equipment:   
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Figure 161: Nitrogen Removal 1&2 Switchboard - One Line Diagram with Bus Bar Impedances
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Z2 245.7719 pu

Zo  388.6634 pu

PU001W1A-P04

16A PS-1-Q10

24V DC&AC CONT SUPPLY LOADS

PS-1

Z1 23.0896 pu

Z2 23.0896 pu

Zo  32.5222 pu

GP-DB 1&2 FUSE

GP-DB 1&2-P01

GP-DB 1&2 LOADS

GP-DB 1&2

Z1 23.0896 pu

Z2 23.0896 pu

Zo  32.5222 pu

EA-DB 1&2 FUSE

EA-DB 1&2-P01

EA-DB 1&2 LOADS

EA-DB 1&2

Z1 23.0896 pu

Z2 23.0896 pu

Zo  32.5222 pu

DCS-DB 1&2 FUSE

DCS-DB 1&2-P01

24WAY DCS LOADS 1&2

DCS-DB 1&2

Z1 23.0896 pu

Z2 23.0896 pu

Zo  32.5222 pu

FORMIC ACID DOS DIAPHRAGM

VSD24

PU001FAD-P01

BUS-0181
Z1 2934.9314 pu

Z2 2934.9314 pu

Zo  673435072.0000 pu

6A PU001FAD-Q08



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

The Earth Fault Loop Impedance on the Nitrogen Removal 1&2 Bus Bars is Zo = 17.8 Per Unit (pu) on 100MVA base. 

In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.03 and the short time protection setting of the main incomer Q06 is 2520A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.03x2520=76 Volts which trips in 0.1 seconds. The trip time for 76 Volts on Figure B4 of 

AS3000:2007 is 0.7 sec. Therefore, the design with the above settings meets touch potential requirements of Clause 

5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on all VSD controlled Pumps' Field Terminal Box is infinity due to being controlled 

by VSD, therefore their touch voltage would be zero and design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 16A MCCB supplied circuit is 388 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=388x0.0017=0.668Ώ.  So, Zs =0.668Ω and the short time protection 

setting of the circuit breaker is a fixed value of 220A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0.668x220=147 Volts which trips in 0.1 second. The trip time for 147 Volts on Figure 

B4 of AS3000:2007 is 0.3 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The highest Earth Fault Loop Impedance on the 6A and 10A  MCCB supplied circuit is 905.7 Per Unit (pu) on 100MVA 

base. Using the above formula, the ohmic value Zs=905.7x0.0017=1.56Ώ.  So, Zs =1.56Ω and the short time 

protection setting of the circuit breaker is a fixed value of 80A to trip in 0.1 seconds. Therefore, compliance with 

Clause 5.7.4 of AS3000 is verified as follows:  1.56x80=124.8 Volts which trips in 0.1 second. The trip time for 124.8 

Volts on Figure B4 of AS3000:2007 is 0.33 sec. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

14.1.1.3 Arc Flash Evaluation of Nitrogen Removal 1&2 SWBD  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the Nitrogen 

Removal 1&2 Switchboard and its downstream DBs:    

 

Figure 162 -  Nitrogen Removal 1&2 Switchboard Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V Nitrogen Removal 1&2 Switchboard is Cat. 0 at the Switchboards Busbars. The 

arc flash category on all of the downstream DBs is Cat.0. The following label is recommended to be shown on the 

switchboard's front door for PPE Requirements:  

  

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 17.8x0.0017 

Zs = 0.03Ώ (Earth Fault Loop Impedance in the Switchboard) 
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Figure 163- 415V Nitrogen Removal 1&2 Switchboard Arc Flash Labels 
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15 LUGGAGE POINT STP – SUBSTATION S2 & ADMIN 415V SWITCHBOARD POWER SYSTEM 

ANALYSIS 

11kV power supply to the 415V Admin Building Switchboard is fed from the 11kV Ring Substation S2 via two feeders:  

• Feeder 33 connected to upstream 11kV Substation S6; 

• Feeder 40 connected to downstream 11kV Substation S8  

The Substation S2 comprises of one 500kVA, 11kV/415V transformer XF2-005 feeding Admin Building Switchboard.  

The following system data are applicable for each component of Substation S2 and its 415V Switchboard: 

11kV Substation S2: 

• Max Demand - Maximum demand load of Substation S2 is: 

Load on XF2-0005 Transformer feeding Admin Building SWBD: 55.2kW; 

  Making maximum demand load of the Admin SWBD: 55.1kW (98A)  

• Voltage Drop: there is no issue with voltage drop on the Substation S2 and 415V Switchboard.  

• Fault Levels on the 415V Switchboard:  

3 phase fault level on the Admin Building SWBD is: 13,786kA; 

1 phase to ground fault level on the Admin Building SWBD is: 11.658kA; 

The Admin Building Switchboard incorporates the following circuit breakers: 

• Q08 : 800A Terasaki type “XS800SE”, MCCB on the Incomer to Admin Building Switchboard; 

• Small L&P DB-Q01: 100A Terasaki type “XS125NJ”, MCCB on the feeder to Small Light and Power DB 

Switchboard; 

• Admin DB-Q02: 400A Terasaki type “XS400CJ”, MCCB on the feeder to Admin DB Switchboard; 

• RAS MCC No. 1-Q03: 400A Terasaki type “XS400CJ”, MCCB on the feeder to RAS 1 Switchboard. 

• 800A HRC Fuses to Sludge Control Building DB 

The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S2 and its 415V Switchboard.  
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Figure 164 – Substation S2 & Admin 415V Switchboard  –One Line Diagram with Input Data 

FROM SUBSTATION S6

TO SUBSTATION S8

Feeder 33

(1) Size 95 mm2

Copper 3 Wire

XLS3

210.0 Meters

Ampacity 245.0 A

S2 ADMIN.

11000.0 V

Feeder 17

S

XF2-0005
Size 500.00 kVA

Pri Delta

Sec Wye-Ground

%Z 4.4100 %

X/R 2.9

BUS-0020

ADMIN BUILDING SWBD
415.0 V

RAS MCC NO. 1 LOADS

40 Amps

Feeder 40

(1) Size 95 mm2

Copper 3 Wire

XLS3

45.0 Meters

Ampacity 245.0 A

ADMIN DB LOADS

15 Amps

SMALL L&P DB LOADS

10 Amps

CBL-0061

(2) Size 150 mm2

Copper 3-(1/C)

PVC

5.0 Meters

Ampacity 580.0 A

800A MAIN SWITCH Q08

BUS-0307

FDR17-50A

SMALL L&P DB-P01
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

20.0 Meters

Ampacity 100.0 A

100A SMALL L&P DB-Q01

SMALL L&P DB

ADMIN DB-P01
(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

20.0 Meters

Ampacity 100.0 A

400A ADMIN DB-Q02

ADMIN DB

RAS MCC NO. 1-P01
(1) Size 10 mm2
Copper 4 Wire+Grnd

PVC

20.0 Meters

Ampacity 100.0 A

400A RAS MCC NO. 1-Q03

RAS MCC NO. 1

800A SLUDGE CONT DB FUSE

SLUDGE CONT DB-P01

(1) Size 10 mm2

Copper 4 Wire+Grnd

PVC

20.0 Meters
Ampacity 100.0 A

SLUDGE CONTROL BUILDING DB

30A FST FUSE

FST 1-8 LOADS

10 Amps

FST-P01
(1) Size 6 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 77.0 A

FST

60A SCREW PUMPS FUSE

SCREW PUMPS 1,2&3 LOADS

10 Amps

SCREW PUMPS-P01
(1) Size 6 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 77.0 A

SCREW PUMPS

160A DB FUSE

DB 1&2 LOADS

10 Amps

DB-P01
(1) Size 6 mm2

Copper 4 Wire+Grnd

PVC

10.0 Meters

Ampacity 77.0 A

DB 1 &2
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Figure 165 – Substation S2 & Admin 415V Switchboard –One Line Diagram with Load Flow and Voltage Drop 

FROM SUBSTATION S6

TO SUBSTATION S8

Feeder 33

1078.4 kW

839.1 kVAR

Percent VD 0.1 %

LF 73 A

S2 ADMIN.

11000.0 V

LF Voltage 10768.69 V

LF Voltage Angle -0.31 deg

LF kW 1077.59 kW

LF kVAR 838.68 kVAR

Feeder 17

S

XF2-0005
55.2 kW

41.4 kVAR

Percent VD 0.5 %

BUS-0020

ADMIN BUILDING SWBD

415.0 V

LF Voltage 404.06 V

LF Voltage Angle -0.51 deg

LF kW 55.07 kW

LF kVAR 40.99 kVAR

RAS MCC NO. 1 LOADS

40.000 Amps

Feeder 40

1022.4 kW

797.3 kVAR

Percent VD 0.0 %

LF 70 A

ADMIN DB LOADS

15.000 Amps

SMALL L&P DB LOADS

10.000 Amps

CBL-0061

55.1 kW

41.0 kVAR

Percent VD 0.0 %

LF 98 A

800A MAIN SWITCH Q08

BUS-0307

FDR17-50A

SMALL L&P DB-P01
5.8 kW

4.3 kVAR

Percent VD 0.2 %

LF 10 A

100A SMALL L&P DB-Q01

SMALL L&P DB

ADMIN DB-P01
8.7 kW

6.5 kVAR

Percent VD 0.2 %

LF 15 A

400A ADMIN DB-Q02

ADMIN DB

RAS MCC NO. 1-P01
23.2 kW

17.3 kVAR

Percent VD 0.6 %

LF 41 A

400A RAS MCC NO. 1-Q03

RAS MCC NO. 1

800A SLUDGE CONT DB FUSE

SLUDGE CONT DB-P01

17.4 kW

12.9 kVAR

Percent VD 0.5 %

LF 31 A

SLUDGE CONTROL BUILDING DB
415.0 V

LF Voltage 402.08 V

LF Voltage Angle -0.32 deg

LF kW 17.29 kW

LF kVAR 12.94 kVAR
30A FST FUSE

FST 1-8 LOADS

10.000 Amps

FST-P01
5.8 kW

4.3 kVAR

Percent VD 0.1 %

LF 10 A

FST

60A SCREW PUMPS FUSE

SCREW PUMPS 1,2&3 LOADS

10.000 Amps

SCREW PUMPS-P01
5.8 kW

4.3 kVAR

Percent VD 0.1 %

LF 10 A

SCREW PUMPS

160A DB FUSE

DB 1&2 LOADS

10.000 Amps

DB-P01
5.8 kW

4.3 kVAR

Percent VD 0.1 %

LF 10 A

DB 1 &2
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Figure 166 - Substation S2 & Admin 415V  Switchboard –One Line Diagram with Short Circuit Fault Currents 

 

  

FROM SUBSTATION S6

TO SUBSTATION S8

Feeder 33

Isc 3P 163 A

Isc SLG 28 A

Isc 3P 4484 A

Isc SLG 1172 A

S2 ADMIN.

Isc 3P 4635 A
Isc SLG 1198 A

Init Fault Bus Voltage 3P 0.0 V

Feeder 17

S

XF2-0005
Isc 3P 14041 A

Isc SLG 11910 A

BUS-0020

ADMIN BUILDING SWBD

Isc 3P 13786 A

Isc SLG 11658 A

Init Fault Bus Voltage 3P 0.0 V

RAS MCC NO. 1 LOADS

Feeder 40

Isc 3P 164 A

Isc SLG 28 A

Isc 3P 4451 A

Isc SLG 1167 A

ADMIN DB LOADSSMALL L&P DB LOADS

CBL-0061

Isc 3P 13786 A

Isc SLG 11658 A

800A MAIN SWITCH Q08

BUS-0307

FDR17-50A

SMALL L&P DB-P01
Isc 3P 4421 A

Isc SLG 3686 A

100A SMALL L&P DB-Q01

SMALL L&P DB

ADMIN DB-P01
Isc 3P 4421 A

Isc SLG 3686 A

400A ADMIN DB-Q02

ADMIN DB

RAS MCC NO. 1-P01
Isc 3P 4421 A

Isc SLG 3686 A

400A RAS MCC NO. 1-Q03

RAS MCC NO. 1

800A SLUDGE CONT DB FUSE

SLUDGE CONT DB-P01

Isc 3P 4421 A

Isc SLG 3686 A

SLUDGE CONTROL BUILDING DB
Isc 3P 4421 A

Isc SLG 3686 A

Init Fault Bus Voltage 3P 0.0 V

30A FST FUSE

FST 1-8 LOADS

FST-P01
Isc 3P 2643 A

Isc SLG 2205 A

FST

60A SCREW PUMPS FUSE

SCREW PUMPS 1,2&3 LOADS

SCREW PUMPS-P01
Isc 3P 2643 A

Isc SLG 2205 A

SCREW PUMPS

160A DB FUSE

DB 1&2 LOADS

DB-P01
Isc 3P 2643 A

Isc SLG 2205 A

DB 1 &2
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15.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the transformer and largest feeder in the Admin Building Switchboard and its 

Busbars. The protection device settings required to achieve the protection co-ordination shown on the TCC 

diagram are provided on the following pages. 

 

Figure 167: Admin Building Incomer Existing Settings & Upstream Incomer HV Fuses Protection - TCC 

The existing settings on the 800A Main Incomer MCCB provides the following issues as shown on the 

above TCC: 

• With the existing setting on Main Switch Q08, it does not discriminate with its upstream 50A HV 

fuses and the HV fuses will blow out before the downstream MCCB clears the fault; 

• The long time pick up setting of 800A does not provide overload protection for the main incomer 

cable with a maximum current carrying capacity of 580A; 
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FDR17-50A
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XS / SE Series  
XS800SE  
Trip 800.0 A
Plug 800.0 A
Settings Phase
   [I1] Long Time Pickup 1.0 (800A)  
   [T1] Long Time Delay 20  
   [I2] Short Time Pickup 10.0 (8000A)  
   [T2] Short Time Delay 0.1 (I^2t In)  
   [I3] Instantaneous Pickup 12 (9600A)  
   [IG] Ground Fault Pickup 0.1 (80A)  
   [TG] Ground Fault Delay 0.1  

800A MAIN SWITCH Q08
CBL-0061

XF2-0005

KEARNEY  
K Fuse Links  
50K  
Trip 50.0 A
Settings Phase
   50.0 Amps   

FDR17-50A

TERASAKI  
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XS800SE  
Trip 800.0 A
Plug 800.0 A
Settings Phase
   [I1] Long Time Pickup 1.0 (800A)  
   [T1] Long Time Delay 20  
   [I2] Short Time Pickup 10.0 (8000A)  
   [T2] Short Time Delay 0.1 (I^2t In)  
   [I3] Instantaneous Pickup 12 (9600A)  
   [IG] Ground Fault Pickup 0.1 (80A)  
   [TG] Ground Fault Delay 0.1  

800A MAIN SWITCH Q08
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• Also with the existing settings, the Arc Flash Category of the switchboard is Cat.3. Therefore, new 

settings are recommended as shown on the following TCC:  

 

Figure 168 - Admin Building Incomer New Settings & Upstream Incomer HV Fuses Protection - TCC 

 

The new settings shown on the above TCC provides a Cat.0 arc flash rating for the Admin Building 

Switchboard and discriminates with its upstream HV Fuses and no issue is found on the new settings.  

The Admin Building Feeder cable CBL-0061 (2x150mm², 4C+E PVC), with a current-carrying capacity of 

580A and maximum demand load of 98A, is protected by an 800A Incomer MCCB with new long time pick 

up setting 0f 640A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of 

the cable is as follows: Ib=98≤In=640≤Iz=580A. The selected Ir setting of the circuit breaker is the lowest 

available setting on the MCCB and it is still a bit higher than the maximum current carrying capacity of the 

cable but it is acceptable.    
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Shown on the below TCC are the largest HRC Fuses on the feeder circuits which are NOT coordinated with 

the upstream MCCB for the calculated faults and new settings are required.   

 

Figure 169 - Admin Building Incomer & HRC Fuses Protection - TCC 

The existing 800A CFS Unit on the feeder to the Sludge Control Building DB provides the following issues as 

shown on the above TCC: 

• The 800A CFS does not discriminate with its upstream Main Switch Q08;  

• The 800A CFS does not provide overload protection to its feeder cable which is a 10mmsq cable 

with 100A current carrying capacity. Therefore a new CFS unit is recommended on this Feeder as 

shown on the following TCC:  
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The Sludge Control Building DB Feeder cable DB-P01 (10mm², 4C+E PVC), with a current-carrying capacity 

of 100A and maximum demand load of 31A, is protected by anew 80A CFS. Compliance with the 

requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as follows: 

Ib=31≤In=80≤Iz=0.9x100A=90A. The selected new CFS complies with the requirements of AS3000 and is 

recommended for this feeder. 

In order to discriminate with the upstream new 80A CFS on the Sludge Control Building DB, the existing 

160A fuses on the Feeder to DB 1&2 should be replaced with a new 60A fuses.    
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Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the largest Feeder circuit breakers in the Switchboard and its Busbars. The 

protection device settings required to achieve the protection co-ordination shown on the TCC diagram are 

provided on the following pages. 

 

Figure 170: Admin Building Incomer & Largest CBs Protection - TCC 
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The selected Ir setting of 320A 0n the 400A MCCBs does not provide overload protection for 10mmsq 

feeder cable with a maximum 100A current carrying capacity. It is recommended to reduce these to their 

lowest available settings as shown on the above TCC; 

The magnetic pick up setting of the 400A MCCBs is set at 10xIn which does not discriminate with the Main 

Switch, lowest settings of 5xIn is recommended as shown on the above TCC.  

15.1.1.1 Protection Device Setting Parameters for Admin Building  Switchboard  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report:  
 

 Project Name:      LUGGAGE 

 TCC Name:          tcc63.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     60A DB FUSE                               TCC Name:         tcc63.tcc 

 Bus Name:        SLUDGE CONTROL BUILDING DB                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     30-100A 

 Type:            HRC Form II, 600V                                             

 AIC Rating:      200kA                                     Fault Duty:       4420.9A 

 Cartridge:       HRC Form II 600V 30A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            30A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     60A SCREW PUMPS FUSE                      TCC Name:         tcc63.tcc 

 Bus Name:        SLUDGE CONTROL BUILDING DB                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     30-100A 

 Type:            HRC Form II, 600V                                             

 AIC Rating:      200kA                                     Fault Duty:       4420.9A 

 Cartridge:       HRC Form II 600V 60A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            60A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     30A FST FUSE                              TCC Name:         tcc63.tcc 

 Bus Name:        SLUDGE CONTROL BUILDING DB                Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     1-30A 

 Type:            FNQ-R, 600V Class CC                                          

 AIC Rating:      200kA                                     Fault Duty:       4420.9A 

 Cartridge:       FNQ-R 600V 30A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            30A 

  

----------------------------------------------------------------------------------------- 

 Device Name:     400A RAS MCC NO. 1-Q03                    TCC Name:         tcc63.tcc 

 Bus Name:        ADMIN BUILDING SWBD                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     250A,400A 

 Type:            XS400CJ                                                       

 AIC Rating:      35kA Override:35 ShortTime:35             Fault Duty:       13786.1A 

 Frame:           400 415V 400A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 
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 Plug:              

 Setting: 1) Thermal Pickup         0.63         (252A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        5            (2000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A ADMIN DB-Q02                         TCC Name:         tcc63.tcc 

 Bus Name:        ADMIN BUILDING SWBD                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     250A,400A 

 Type:            XS400CJ                                                       

 AIC Rating:      35kA Override:35 ShortTime:35             Fault Duty:       13786.1A 

 Frame:           400 415V 400A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:              

 Setting: 1) Thermal Pickup         0.63         (252A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        5            (2000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     100A SMALL L&P DB-Q01                     TCC Name:         tcc63.tcc 

 Bus Name:        ADMIN BUILDING SWBD                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     20A,32A,50A,63A,100A,125A 

 Type:            XS125NJ                                                       

 AIC Rating:      30kA Override:30 ShortTime:30             Fault Duty:       13786.1A 

 Frame:           125 415V 125A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          100A 

 Plug:              

 Setting: 1) Thermal Pickup         1            (100A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        13           (1300A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     80A SLUDGE CONT DB FUSE                   TCC Name:         tcc63.tcc 

 Bus Name:        ADMIN BUILDING SWBD                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     80 - 100M200, IEC 

 Type:            CD, HRC fuse                                                  

 AIC Rating:      80kA                                      Fault Duty:       13786.1A 

 Cartridge:       CD80 550V 80A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            80A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     800A MAIN SWITCH Q08                      TCC Name:         tcc63.tcc 

 Bus Name:        ADMIN BUILDING SWBD                       Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak 

 Type:            XS / SE Series                                                

 AIC Rating:      50kA Override:50 ShortTime:50             Fault Duty:       13786.1A 

 Frame:           XS800SE 440V 800A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          800A 

 Plug:            800A 

 Setting: 1) [I1] Long Time Picku   0.8          (640A) 

          2) [T1] Long Time Delay   10           

          3) [I2] Short Time Pick   4.0          (3200A) 

          4) [T2] Short Time Dela   0.1         I^2 t In 

          5) [I3] Instantaneous P   6            (4800A) 

          6) [IG] Ground Fault Pi   0.1          (80A) 

          7) [TG] Ground Fault De   0.1          (seconds) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR17-50A                                 TCC Name:         tcc63.tcc 

 Bus Name:        S2 ADMIN.                                 Bus Voltage:      11000.0V 
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 Function Name:   Phase 

 Manufacturer:    KEARNEY 

 Description:     1-200A 

 Type:            K Fuse Links                                                  

 AIC Rating:      8kA                                       Fault Duty:       4634.6A 

 Cartridge:       50K 15000V 50A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            50A 

  ----------------------------------------------------------------------------------------- 

  

15.1.1.2 AS3000: 2007 Compliance Check of Admin Building  Switchboard   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• Q08 : 800A Terasaki type “XS800SE”, MCCB on the Incomer to Admin Building Switchboard is set to 

clear a fault of 3200A in 0.1 sec. ; 

• Small L&P DB-Q01: 100A Terasaki type “XS125NJ”, MCCB on the feeder to Small Light and Power 

DB Switchboard is set to clear a fault of 1300A in 0.1 sec.; 

• Admin DB-Q02: 400A Terasaki type “XS400CJ”, MCCB on the feeder to Admin DB Switchboard is 

set to clear a fault of 2000A in 0.1 sec.; 

• RAS MCC No. 1-Q03: 400A Terasaki type “XS400CJ”, MCCB on the feeder to RAS 1 Switchboard is 

set to clear a fault of 2000A in 0.1 sec.. 

• 80A HRC Fuses to Sludge Control Building DB is set to clear a fault of 800A in 0.1 sec. 

After determining the values of Ia for all equipment on these switchboards, we need to calculate the value 

of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages. Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 

100MA Per Unit bases for all equipment:   
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Figure 171: Admin Building Switchboard - One Line Diagram with Bus Bar Impedances

FROM SUBSTATION S6

TO SUBSTATION S8

Feeder 33

S2 ADMIN.

Z1 1.1325 pu

Z2 1.1325 pu

Zo  11.5373 pu

Feeder 17

S

XF2-0005BUS-0020

ADMIN BUILDING SWBD

Z1 10.0914 pu
Z2 10.0914 pu

Zo  15.6199 pu

RAS MCC NO. 1 LOADS

Feeder 40

ADMIN DB LOADS

SMALL L&P DB LOADS

CBL-0061

800A MAIN SWITCH Q08

BUS-0307

FDR17-50A

SMALL L&P DB-P01

100A SMALL L&P DB-Q01

SMALL L&P DB

Z1 31.4690 pu

Z2 31.4690 pu

Zo  50.3031 pu

ADMIN DB-P01

400A ADMIN DB-Q02

ADMIN DB

Z1 31.4690 pu

Z2 31.4690 pu

Zo  50.3031 pu

RAS MCC NO. 1-P01

400A RAS MCC NO. 1-Q03

RAS MCC NO. 1

Z1 31.4690 pu

Z2 31.4690 pu

Zo  50.3031 pu

80A SLUDGE CONT DB FUSE

SLUDGE CONT DB-P01

SLUDGE CONTROL BUILDING DB
Z1 31.4690 pu
Z2 31.4690 pu

Zo  50.3031 pu

30A FST FUSE

FST 1-8 LOADS

FST-P01

FST

Z1 52.6280 pu

Z2 52.6280 pu

Zo  83.9992 pu

60A SCREW PUMPS FUSE

SCREW PUMPS 1,2&3 LOADS

SCREW PUMPS-P01

SCREW PUMPS

Z1 52.6280 pu

Z2 52.6280 pu

Zo  83.9992 pu

60A DB FUSE

DB 1&2 LOADS

DB-P01

DB 1 &2

Z1 52.6280 pu

Z2 52.6280 pu
Zo  83.9992 pu
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The Earth Fault Loop Impedance on the Admin Building SWBD Bus Bars is Zo = 15.62 Per Unit (pu) on 100MVA base. 

In order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.027 and the short time protection setting of the main incomer Q08 is 3200A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.027x3200=86 Volts which trips in 0.1 seconds. The trip time for 86 Volts on Figure B4 

of AS3000:2007 is 0.5 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 400A MCCBs to RAS MCC No.1 and Admin DB is 50.3 Per Unit (pu) on 

100MVA base. Using the above formula, the ohmic value Zs=50.3x0.0017=0.087Ώ.  So, Zs =0. 087Ω and the short 

time protection setting of the circuit breaker is a value of 2000A to trip in 0.1 seconds. Therefore, compliance with 

Clause 5.7.4 of AS3000 is verified as follows:  0. 087x2000=173 Volts which trips in 0.1 second. The trip time for 173 

Volts on Figure B4 of AS3000:2007 is 0.23 sec. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 100A MCCBs to Small L&P DB is 50.3 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=50.3x0.0017=0.087Ώ.  So, Zs =0. 087Ω and the short time protection setting 

of the circuit breaker is a value of 1300A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is 

verified as follows:  0. 087x1300=112.6 Volts which trips in 0.1 second. The trip time for 112.6 Volts on Figure B4 of 

AS3000:2007 is 0.35 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the NEW 80A CFS to Sludge Control Building DB is 50.3 Per Unit (pu) on 100MVA 

base. Using the above formula, the ohmic value Zs=50.3x0.0017=0.087Ώ.  So, Zs =0. 087Ω and the short time 

protection setting of the fuse is a fixed value of 800A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0. 087x800=69.3  Volts which trips in 0.1 second. The trip time for 69.3 Volts on 

Figure B4 of AS3000:2007 is 0.6 sec. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the NEW 60A CFS to DB1&2 and existing 60A CFS to Screw Pumps Control Panel  

is 84 Per Unit (pu) on 100MVA base. Using the above formula, the ohmic value Zs=84x0.0017=0.145Ώ.  So, Zs =0. 145 

Ω and the short time protection setting of the fuse is a fixed value of 600A to trip in 0.1 seconds. Therefore, 

compliance with Clause 5.7.4 of AS3000 is verified as follows:  0. 145x600= 86.8 Volts which trips in 0.1 second. The 

trip time for 86.8 Volts on Figure B4 of AS3000:2007 is 0.45 sec. Therefore, the design with the above settings meets 

touch potential requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 30A CFS to Final Settling Tanks DBs is 84 Per Unit (pu) on 100MVA base. 

Using the above formula, the ohmic value Zs=84x0.0017=0.145Ώ.  So, Zs =0. 145 Ω and the short time protection 

setting of the fuse is a fixed value of 300A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 

is verified as follows:  0. 145x300= 43.4 Volts which trips in 0.1 second. The trip time for 43.4 Volts on Figure B4 of 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 15.62x0.0017 

Zs = 0.027Ώ (Earth Fault Loop Impedance in the Switchboard) 
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AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

15.1.1.3 Arc Flash Evaluation of Admin Building SWBD  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the Admin Building 

Switchboard and its downstream DBs:    

 

Figure 172 -  Admin Building Switchboard Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V Admin Building Switchboard is Cat. 0 at the Switchboards Busbars. The arc flash 

category on all of the downstream DBs is Cat.0. The following label is recommended to be shown on the 

switchboard's front door for PPE Requirements:  

  

 

Figure 173- 415V Admin Building Switchboard Arc Flash Labels 
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16 LUGGAGE POINT STP – SUBSTATION S6 & DAF BUILDING 415V SWITCHBOARD POWER 

SYSTEM ANALYSIS 

11kV power supply to the 415V DAF Building Switchboard is fed from the 11kV Ring Substation S6 via two feeders:  

• Feeder 16 connected to upstream 11kV Substation S4; 

• Feeder 33 connected to downstream 11kV Substation S2  

The Substation S6 comprises of one 500kVA, 11kV/415V transformer feeding DAF 1&2, DAF 3&4, Old RST and Filtrate 

& Ethanol Dosing 415V Switchboards.  

The following system data are applicable for each component of Substation S6 and its 415V Switchboards: 

11kV Substation S6: 

• Max Demand - Maximum demand load of Substation S6 is: 

Load on DAF Area Main Distribution Switchboard Feeder: 297.4kW (542A); 

Load on DAF 1&2 Switchboard Feeder: 79.4kW (145A); 

Load on DAF 3&4 Switchboard Feeder: 132.6kW (242A); 

Load on Ethanol Dosing MCC: 24.9kW (45A), and, 

Load on Old RST MCC: 59.1kW (108A) 

  Making maximum demand load of the entire Substation S6: 297.4kW  

• Voltage Drop: the highest voltage drop is on TWAS Pump which is 6% but it is less than maximum allowable 

of 7% as per AS3000:2007, therefore, no issue is found with voltage drop on the Substation S6 and 415V 

Switchboard.  

• Fault Levels on the Substation S6 and its 415V Switchboards:  

3 phase fault level on the DAF AREA DB SWBD is: 21.874kA; 

1 phase to ground fault level on the DAF AREA DB SWBD is: 14.553kA; 

3 phase fault level on the DAF 1&2 SWBD is: 21.005kA; 

1 phase to ground fault level on the DAF 1&2 SWBD is: 13.907kA; 

3 phase fault level on the DAF 3&4 SWBD is: 17.259kA; 

1 phase to ground fault level on the DAF 3&4 SWBD is: 10.740kA; 

3 phase fault level on the Old RAS SWBD is: 7.660kA; 

1 phase to ground fault level on the Old RAS SWBD is: 5.895kA; 

3 phase fault level on the Ethanol Dosing MCC is: 8.492kA; 

1 phase to ground fault level on the Methanol Dosing MCC is: 6.191kA; 

The DAF Area Main Switchboard incorporates the following circuit breakers: 

• QM1 : 800A Terasaki type “XS800NJ”, MCCB on the Incomer to DAF Area Switchboard; 

• 1Q1: 400A Terasaki type “S400CJ”, MCCB on the feeder to DAF 1&2 Switchboard; 

• 3Q1: 400A Terasaki type “S400CJ”, MCCB on the feeder to DAF 3&4 Switchboard; 

• 4Q1: 160A Terasaki type “S160NJ”, MCCB on the feeder to Filtrate & Ethanol Dosing Switchboard; 

• 2Q1: 250A Terasaki type “S250NJ”, MCCB on the feeder to Old RST Switchboard; 

• 6Q1: 250A Terasaki type “S250NJ”, MCCB on the feeder to Innovation Centre Switchboard; 

• 5Q1: 400A Terasaki type “S400NJ”, MCCB on the feeder to RST Switchboard (Future); 

The DAF 1&2 Switchboard incorporates the following circuit breakers: 

• TWAS PU1-Q11 : 25A Terasaki type “TP-50” 
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• WAS PU1-Q12 : 25A Terasaki type “TP-50” 

• Top Scraper Conveyor 1-QM16 : 2.5A Terasaki type “TP-50” 

• Top Scraper Conveyor 2-QM17 : 2.5A Terasaki type “TP-50” 

• Polyelectrolyte WHP-Q18 : 1.6A Terasaki type “TP-50” 

• Polyelectrolyte Feeder-Q19 : 1.6A Terasaki type “TP-50” 

• Polyelectrolyte Dosing PU1-Q20 : 4A Terasaki type “TP-50” 

• Polyelectrolyte Dosing PU1-Q21 : 4A Terasaki type “TP-50” 

• Batching Tank Mixer-Q17 : 2.5A Terasaki type “TP-50” 

• Transfer Pump-Q22 : 6.3A Terasaki type “TP-50” 

• Effluent Pump 1-Q18 : 40A Terasaki type “TP-50” 

• Dust Collector-Q19 : 1.6A Terasaki type “TP-50” 

• Sludge Screw 1-Q22 : 40A Terasaki type “TP-50” 

• Transverse Scraper 1-Q23 : 2.5A Terasaki type “TP-50” 

• Transverse Scraper 2-Q23 : 2.5A Terasaki type “TP-50” 

• Bottom Scraper 1-Q24 : 1.6A Terasaki type “TP-50” 

• Bottom Scraper 2-Q25 : 1.6A Terasaki type “TP-50” 

• Dispersion Pump 1-Q16 : 100A Terasaki type XS125NJ 

• Air Compressor 1-Q17 : 15A Terasaki type “tp-50” 

The DAF 3&4 Switchboard incorporates the following circuit breakers: 

• 3Q2 : 630A Moeller type “NZM10-630-N”, MCCB on the Incomer to DAF 3&4 Switchboard; 

• Tank 3 Scraper-Q23 : 6A Moeller type “ZMR-10-PKZ2”, MCCB; 

• Subnatant Pump 1-Q15 : 63A Moeller type “NZM7-63S-M”, MCCB; 

• Feed Pump 1-Q12 : 24A Moeller type “ZM-25-PKZ2”, MCCB; 

• Tank 3 Skimmer-Q13 : 3.8A Moeller type “ZMR-4-PKZ2”, MCCB; 

• Air Compressor 1-Q24 : 16A Moeller type “ZMR-16-PKZ2”, MCCB; 

• Polymer Dosing Pump 3-Q14 : 3.5A Moeller type “ZMR-4-PKZ2”, MCCB; 

• Recycle Pump 1-Q14 : 125A Moeller type “NZM7-125S-M”, MCCB; 

• Sludge (TWAS) Pump 1-Q14 : 32A Moeller type “ZM-32-PKZ2”, MCCB; 

The Filtrate and Ethanol Dosing Switchboard incorporates the following circuit breakers: 

• Q1 : 630A Moeller type “NZM7-200-N”, MCCB on the Incomer to Filtrate & Ethanol & RST Switchboard; 

• PU001MET-Q18 : 1.8A Moeller type “ZMR-2.4-PKZ2”, MCCB; 

• PU002MET-Q14 : 1A Moeller type “ZMR-1-PKZ2”, MCCB; 

• PU001RT1-Q19 : 10A Moeller type “ZMR-10-PKZ2”, MCCB; 

• PU001FDS-Q16: 26A Moeller type “ZMR-32-PKZ2”, MCCB. 

The Old RST Switchboard incorporates the following circuit breakers: 

• Sludge Feed Pump 1-Q12 : 40A Terasaki type “TP-50”; 

• Thickened Sludge Pump 1-Q13 : 50A Terasaki type “TP-50”; 

• Wash Water 1-Q13 : 10A Terasaki type “TP-50”; 

• Poly Dos 1-Q14 : 10A Terasaki type “TP-50”; 

• RTS Drum 1-Q14 : 10A Terasaki type “TP-50”. 

The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S6 and its 415V Switchboards.  
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Figure 174 – Substation S6 & DAF Building 415V Switchboards  –One Line Diagram with Input Data 

AIR COMP 2  IS STDBYTANK 4 SCRAPER
IS STDBY

FROM SUBSTATION S4

FUTURE

TANK 4 SKIMMER IS STDBYSUBNATANT PUMP 

2&3 ARE STDBY

RECYCLE PUMP 2&3 ARE STDBY TWAS 2 IS STDBYFEED PUMP 3 IS STDBY

WAS 2 IS STDBY

TWAS 2 IS STDBY

TO SUBSTATION S2

Feeder 16

(1) Size 95 mm2

Copper 3 Wire
XLS3

280.0 Meters
Ampacity 245.0 A

S6 DAF BLD.

11000.0 V

Feeder 32

(1) Size 95 mm2
Copper 3 Wire

XLS3

10.0 Meters
Ampacity 245.0 A

S

XF2-0004

Size 500.00 kVA

Pri Delta
Sec Wye-Ground

%Z 4.4100 %
X/R 2.9

BUS-0017

Feeder 33

(1) Size 95 mm2

Copper 3 Wire
XLS3

210.0 Meters
Ampacity 245.0 A

BUS-0142

DAF AREA SWB

415.0 V

RST SWB

20 Amps

CBL-0055
(2) Size 400 mm2

Copper 3 Wire
PVC

12.0 Meters
Ampacity 854.0 A

DAF DIST SWB-QM1

DAF1&2-P01 (1) Size 240 mm2

Copper 4 Wire+Grnd
PVC

6.0 Meters
Ampacity 351.0 A

DAF 1&2-1Q1

DAF 1&2

415.0 V

TWAS PU1
5.500 kW
Load Factor 1.00

X"d 0.03 pu

TWAS PU1-Q11

VSD42

TWAS PU1-P01

(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

60.0 Meters
Ampacity 46.0 A

WAS PU1
11.000 kW

Load Factor 1.00
X"d 0.03 pu

WAS PU1-Q12

VSD43

WAS PU1-P01

(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
45.0 Meters

Ampacity 58.0 A

DAF 3&4-P01

(1) Size 240 mm2

Copper 4 Wire+Grnd
PVC

50.0 Meters
Ampacity 351.0 A

DAF 3&4-3Q1

DAF 3&4

415.0 V

FEED PU1
11.000 kW
Load Factor 1.00

X"d 0.03 pu

FEED PU1-Q12

VSD44

FEED PU1-P01

(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

18.0 Meters
Ampacity 46.0 A

TANK3 SKIMMER
1.500 kW
Load Factor 1.00

X"d 0.03 pu

TANK3 SKIMMER-Q13

VSD45

TANK3 SKIMMER-P01

(1) Size 2.5 mm2

Copper 3 Wire
PVC

18.0 Meters
Ampacity 46.0 A

RECYCLE PU1-P01
(1) Size 35 mm2
Copper 3 Wire+Grnd

PVC
38.0 Meters

Ampacity 153.0 A

RECYCLE PU1-Q14

RECYCLE PU1

55.000 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0347

DB 1 LOAD
2 Amps

SLUDGE TWAS PU1
15.000 kW
Load Factor 1.00

X"d 0.03 pu

SLUDGE TWAS PU1-Q14

VSD46

SLUDGE TWAS PU1-P01

(1) Size 4 mm2

Copper 3 Wire
PVC

28.0 Meters
Ampacity 58.0 A

FEED PU2
11.000 kW
Load Factor 1.00

X"d 0.03 pu

FEED PU2-Q13

VSD47

FEED PU2-P01

(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

18.0 Meters
Ampacity 46.0 A

SUBNATANT PU1-P01
(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 58.0 A

SUBNATANT PU1-Q15

SUBNATANT PU1
22.000 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0348

NEW RST-P01

(1) Size 240 mm2
Copper 4 Wire+Grnd

PVC
50.0 Meters

Ampacity 351.0 A
BUS-0367

OLD RST-P01
(1) Size 50 mm2

Copper 4 Wire+Grnd
PVC

50.0 Meters
Ampacity 175.0 A

OLD RST SWB

415.0 V

FILTRATE & ETHANOL DOS-P01

(1) Size 50 mm2
Copper 4 Wire+Grnd

PVC
50.0 Meters

Ampacity 175.0 A

FILTRATE & ETHANOL DOSING MCC

415.0 V

FDR32-50A

FILTRATE & ETHANOL DOS-4Q1

OLD RST SWB-2Q1

RST SWB-Q1

ISOLATOR

BUS-0401

BUS-0403

TOP SCRAPER CONV 1-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

32.0 Meters
Ampacity 46.0 A

TOP SCRAPER CONV 1-Q16

TOP SCRAPER CONV 1
0.750 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0349

TOP SCRAPER CONV 2-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC

32.0 Meters
Ampacity 46.0 A

TOP SCRAPER CONV 2-Q17

TOP SCRAPER CONV 2
0.750 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0350

POLYELECTROLYTE WHP-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

POLYELECTROLYTE WHP-Q18

POLYELECTROLYTE WHP
0.550 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0351

POLYELECTROLYTE FEEDER-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

32.0 Meters

Ampacity 46.0 A

POLYELECTROLYTE FEEDER-Q19

POLYELECTROLYTE FEEDER
0.550 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0352

POLYELECTROLYTE DOSING 1-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

POLYELECTROLYTE DOSING 1-Q20

POLYELECTROLYTE DOSING 1
1.500 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0353

POLYELECTROLYTE DOSING 2-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

32.0 Meters

Ampacity 46.0 A

POLYELECTROLYTE DOSING 2-Q21

POLYELECTROLYTE DOSING 2
1.500 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0354

BATCHING TANK MIXER-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

BATCHING TANK MIXER-Q17

BATCHING TANK MIXER
0.750 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0355

TRASFER PUMP-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

32.0 Meters
Ampacity 46.0 A

TRASFER PUMP-Q22

TRASFER PUMP
2.200 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0356

EFFLUENT PUMP 1-P01
(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 58.0 A

EFFLUENT PUMP 1-Q18

EFFLUENT PUMP 1
5.500 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0357

DUST COLLECTOR-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

DUST COLLECTOR-Q19

DUST COLLECTOR
0.550 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0359

SLUDGE SCREW 1-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

32.0 Meters
Ampacity 46.0 A

SLUDGE SCREW 1-Q22

SLUDGE SCREW 1
1.500 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0360

TRANSVERSE SCRAPER 1-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

TRANSVERSE SCRAPER 1-Q23

TRANSVERSE SCRAPER 1
0.150 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0362

TRANSVERSE SCRAPER 2-P01
(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

32.0 Meters
Ampacity 46.0 A

TRANSVERSE SCRAPER 2-Q24

TRANSVERSE SCRAPER 2
0.150 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0363

BOTTOM SCRAPER 1-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

BOTTOM SCRAPER 1-Q24

BOTTOM SCRAPER 1
0.250 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0364

BOTTOM SCRAPER 2-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

BOTTOM SCRAPER 2-Q25

BOTTOM SCRAPER 2
0.250 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0365

DISPERSION PU1-P01

(1) Size 16 mm2

Copper 3 Wire+Grnd
PVC

20.0 Meters
Ampacity 116.0 A

DISPERSION PU1-Q16

DISPERSION PU1
30.000 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0366

AIR COMPRESSOR 1-P01
(1) Size 6 mm2

Copper 3 Wire+Grnd
PVC

20.0 Meters
Ampacity 77.0 A

AIR COMPRESSOR 1-Q17

AIR COMPRESSOR 1
7.500 kW
Load Factor 1.00

X"d 0.03 pu

BUS-0369

BUS-0426

3Q2

TANK 3 SCRAPER-P02
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

TANK 3 SCRAPER-Q23

TANK 3 SCRAPER
3.000 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0371

BUS-0429 BUS-0431

AIR COMP 1-P01
(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 58.0 A

AIR COMP 1-Q24

AIR COMP 1
7.500 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0372

POLYMER DOSING 3
1.500 kW
Load Factor 1.00

X"d 0.03 pu

POLYMER DOSING 3-Q14

VSD51

POLYMER DOSING 3-P01

(1) Size 2.5 mm2

Copper 3 Wire
PVC

18.0 Meters
Ampacity 46.0 A

BUS-0432 BUS-0437

DB 1 FUSE

DB 2 LOAD
2 Amps

DB 2 FUSE

SLUDGE FEED PU1
15.000 kW

Load Factor 1.00
X"d 0.03 pu

SLUDGE FEED PU1-Q12

VSD48

SLUDGE FEED PU1-P01

(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
20.0 Meters

Ampacity 58.0 A

BUS-0405

LK ISOLATOR

THICKENED SLUDGE PU1
22.000 kW

Load Factor 1.00
X"d 0.03 pu

THICKENED SLUDGE PU1-Q13

VSD53

THICKENED SLUDGE PU1-P01

(1) Size 6 mm2

Copper 3 Wire+Grnd
PVC

20.0 Meters
Ampacity 77.0 A

BUS-0409

WASH WATER 1
4.000 kW
Load Factor 1.00

X"d 0.03 pu

WASH WATER 1-Q13

VSD55

WASH WATER 1-P01

(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

20.0 Meters

Ampacity 46.0 A

BUS-0413

POLY DOSE 1
2.200 kW

Load Factor 1.00
X"d 0.03 pu

POLY DOSE 1-Q14

VSD57

POLY DOSE 1-P01

(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

20.0 Meters
Ampacity 46.0 A

BUS-0417

RTS DRUM 1
4.000 kW

Load Factor 1.00
X"d 0.03 pu

RTS DRUM 1-Q14

VSD59

RTS DRUM 1-P01

(1) Size 2.5 mm2

Copper 3 Wire+Grnd
PVC

20.0 Meters
Ampacity 46.0 A

BUS-0421

Q1

PU001MET-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

PU001MET-Q18

METHANOL UNLOADING
0.750 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0373

METHANOL DOS PU1
0.370 kW
Load Factor 1.00

X"d 0.03 pu

PU002MET-Q14

VSD61

PU002MET-P01

(1) Size 2.5 mm2

Copper 3 Wire
PVC

18.0 Meters
Ampacity 46.0 A

BUS-0434

PU001RT1-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

PU001RT1-Q19

PRIM EFF DILUTION PU1
4.000 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0374

EQ 3xPU002RT1-P01
(1) Size 2.5 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 46.0 A

EQ 3xPRIM EFF DILUTION PU
12.000 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0375

PU001FDS-P01
(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 58.0 A

PU001FDS-Q16

RST FILT DOS RETURN 1
15.000 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0376

PU002FDS-P02
(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 58.0 A

PU002FDS-Q17

RST FILT DOS RETURN 2
15.000 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0377

EQ001RT1-P01
(1) Size 4 mm2
Copper 3 Wire+Grnd

PVC
32.0 Meters

Ampacity 58.0 A

EQ001RT1-Q17

ODOUR CONTROL SYS
15.000 kW

Load Factor 1.00
X"d 0.03 pu

BUS-0378

30POLE DB FUSE

30POLE DB -P01
(1) Size 10 mm2
Copper 4 Wire+Grnd

PVC
10.0 Meters

Ampacity 100.0 A

30POLE DB LOADS

2 Amps

30POLE DB

24POLE DB FUSE

24POLE DB-P01
(1) Size 10 mm2
Copper 4 Wire+Grnd

PVC
10.0 Meters

Ampacity 100.0 A

24POLE DB LOADS

2 Amps

24POLE DB

INNOVATION CENTRE LOADS

2 Amps

INNOVATION CENTRE-P01

(1) Size 10 mm2

Copper 4 Wire+Grnd
PVC

20.0 Meters
Ampacity 100.0 A

INNOVATION CENTRE

INNOVATION CENTRE-Q2

DATA COLLECTION LOADS

2 Amps

DATA COLLECTION-P01

(1) Size 10 mm2

Copper 4 Wire+Grnd
PVC

20.0 Meters
Ampacity 100.0 A

DATA COLLECTION

DATA COLLECTION-Q3
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Figure 175 – Substation S6 & DAF Building 415V Switchboards –One Line Diagram with Load Flow and Voltage Drop 

AIR COMP 2  IS STDBYTANK 4 SCRAPER
IS STDBY

FROM SUBSTATION S4

FUTURE

TANK 4 SKIMMER IS STDBYSUBNATANT PUMP 

2&3 ARE STDBY

RECYCLE PUMP 2&3 ARE STDBY TWAS 2 IS STDBYFEED PUMP 3 IS STDBY

WAS 2 IS STDBY

TWAS 2 IS STDBY

TO SUBSTATION S2

Feeder 16

1382.0 kW

1073.1 kVAR

Percent VD 0.1 %

LF 94 A

S6 DAF BLD.

11000.0 V

LF Voltage 10775.66 V

LF Voltage Angle -0.32 deg

LF kW 1380.22 kW

LF kVAR 1072.27 kVAR

Feeder 32

301.8 kW

233.2 kVAR

Percent VD 0.0 %

LF 20 A

S

XF2-0004

301.8 kW

233.2 kVAR

Percent VD 2.9 %

BUS-0017

Feeder 33

1078.4 kW

839.1 kVAR

Percent VD 0.1 %

LF 73 A

BUS-0142

DAF AREA SWB

415.0 V

LF Voltage 394.15 V

LF Voltage Angle -1.47 deg

LF kW 297.09 kW

LF kVAR 220.20 kVAR

RST SWB

20.000 Amps

CBL-0055

297.4 kW

220.6 kVAR

Percent VD 0.1 %

LF 542 A
DAF DIST SWB-QM1

DAF1&2-P01 79.4 kW

59.2 kVAR

Percent VD 0.0 %

LF 145 A

DAF 1&2-1Q1

DAF 1&2

415.0 V

LF Voltage 393.97 V

LF Voltage Angle -1.47 deg

LF kW 79.33 kW

LF kVAR 59.19 kVAR

TWAS PU1
5.500 kW

TWAS PU1-Q11

VSD42

TWAS PU1-P01

5.9 kW

2.8 kVAR

Percent VD 1.8 %

LF 9 A

WAS PU1
11.000 kW

WAS PU1-Q12

VSD43

WAS PU1-P01

11.8 kW

5.6 kVAR

Percent VD 1.7 %

LF 18 A

DAF 3&4-P01

132.6 kW

98.1 kVAR

Percent VD 0.6 %

LF 242 A

DAF 3&4-3Q1

DAF 3&4

415.0 V

LF Voltage 391.66 V

LF Voltage Angle -1.48 deg

LF kW 131.78 kW

LF kVAR 97.44 kVAR

FEED PU1
11.000 kW

FEED PU1-Q12

VSD44

FEED PU1-P01

11.7 kW

5.6 kVAR

Percent VD 1.1 %

LF 18 A

TANK3 SKIMMER
1.500 kW

TANK3 SKIMMER-Q13

VSD45

TANK3 SKIMMER-P01

1.6 kW

0.8 kVAR

Percent VD 0.1 %

LF 2 A

RECYCLE PU1-P01
58.7 kW

43.5 kVAR

Percent VD 1.0 %

LF 108 A

RECYCLE PU1-Q14

RECYCLE PU1

55.000 kW

BUS-0347

DB 1 LOAD
2.000 Amps

SLUDGE TWAS PU1
15.000 kW

SLUDGE TWAS PU1-Q14

VSD46

SLUDGE TWAS PU1-P01

16.1 kW

7.7 kVAR

Percent VD 1.5 %

LF 25 A

FEED PU2
11.000 kW

FEED PU2-Q13

VSD47

FEED PU2-P01

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

SUBNATANT PU1-P01
24.2 kW

17.4 kVAR

Percent VD 2.7 %

LF 44 A

SUBNATANT PU1-Q15

SUBNATANT PU1
22.000 kW

BUS-0348

NEW RST-P01

0.0 kW

0.0 kVAR

Percent VD 0.0 %

LF 0 A

BUS-0367

OLD RST-P01
59.1 kW

43.8 kVAR

Percent VD 1.0 %

LF 108 A

OLD RST SWB

415.0 V

LF Voltage 390.17 V

LF Voltage Angle -1.17 deg

LF kW 58.27 kW

LF kVAR 43.71 kVAR

FILTRATE & ETHANOL DOS-P01

24.9 kW

18.2 kVAR

Percent VD 0.4 %

LF 45 A

FILTRATE & ETHANOL DOSING MCC

415.0 V

LF Voltage 392.48 V

LF Voltage Angle -1.35 deg

LF kW 24.73 kW

LF kVAR 18.16 kVAR

FDR32-50A

FILTRATE & ETHANOL DOS-4Q1

OLD RST SWB-2Q1

RST SWB-Q1

ISOLATOR

BUS-0401

BUS-0403

TOP SCRAPER CONV 1-P01
0.8 kW

0.6 kVAR

Percent VD 0.1 %

LF 1 A

TOP SCRAPER CONV 1-Q16

TOP SCRAPER CONV 1
0.750 kW

BUS-0349

TOP SCRAPER CONV 2-P01
0.8 kW

0.6 kVAR

Percent VD 0.1 %

LF 1 A

TOP SCRAPER CONV 2-Q17

TOP SCRAPER CONV 2
0.750 kW

BUS-0350

POLYELECTROLYTE WHP-P01
0.6 kW

0.4 kVAR

Percent VD 0.1 %

LF 1 A

POLYELECTROLYTE WHP-Q18

POLYELECTROLYTE WHP
0.550 kW

BUS-0351

POLYELECTROLYTE FEEDER-P01
0.6 kW

0.4 kVAR

Percent VD 0.1 %

LF 1 A

POLYELECTROLYTE FEEDER-Q19

POLYELECTROLYTE FEEDER
0.550 kW

BUS-0352

POLYELECTROLYTE DOSING 1-P01
1.6 kW

1.2 kVAR

Percent VD 0.3 %

LF 3 A
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Figure 176 - Substation S6 & DAF Building 415V  Switchboard –One Line Diagram with Short Circuit Fault Currents 
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16.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that 

provide protection to the transformer and Main Incomer into the DAF Area Main Switchboard and its 

Busbars. The protection device settings required to achieve the protection co-ordination shown on the TCC 

diagram are provided on the following pages. 

 

Figure 177: DAF Area SWBD Incomer Existing Settings & Upstream Incomer HV Fuses Protection - TCC 

The existing settings shown on the above TCC provides a Cat.0 arc flash rating for the DAF Area 

Switchboard and discriminates with its upstream HV Fuses and no issue is found on the new settings.  

The DAF Area Feeder cable CBL-0055 (2x440mm², 4C+E PVC), with a current-carrying capacity of 854A and 

maximum demand load of 542A, is protected by an 800A Incomer MCCB with existing long time pick up 

setting 0f 640A. Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of 

the cable is as follows: Ib=542≤In=640≤Iz=854A. No issue is found on the existing cable sizing or MCCB 

settings.  

Shown on the below TCC are the largest 400A MCCBs on the feeder circuits which are coordinated with the 

upstream 800A Incomer MCCB for the calculated faults and no issue is found on the settings as shown. 
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Figure 178 - DAF Area Incomer & 400A Feeder Protection - TCC 

DAF 1&2 Feeder cable DAF 1&2-P01 (240mm², 4C+E PVC), with a current-carrying capacity of 351A and 

maximum demand load of 145A, is protected by a 400A MCCB with its existing Ir setting of 320A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=145≤In=320≤Iz=351A. No issue is found on the cable sizing or CB existing settings.  

DAF 3&4 Feeder cable DAF 3&4-P01 (240mm², 4C+E PVC), with a current-carrying capacity of 351A and 

maximum demand load of 242A, is protected by a 400A MCCB with its existing Ir setting of 320A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=242≤In=320≤Iz=351A. No issue is found on the cable sizing or CB existing settings.  

Shown on the below TCC are the second largest 160A & 250A MCCBs on the feeder circuits which are 

coordinated with the upstream MCCB for the calculated faults and no issue is found on the settings as 

shown. 
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Trip 400.0 A
Plug 400.0 A
Settings Phase
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   [tm] Magnetic Delay 0.02  
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Settings Phase
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TERASAKI  
S400CJ  
S400CJ  
Trip 400.0 A
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Settings Phase
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Trip 400.0 A
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400A DAF 1&2-1Q1

TERASAKI  
S400CJ  
S400CJ  
Trip 400.0 A
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400A RST SWB-5Q1
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Figure 179 - DAF Area Incomer & 160A & 250A Feeders Protection - TCC 

The Old RST SWBD Feeder cable Old RST - P01 (50mm², 4C+E PVC), with a current-carrying capacity of 

175A and maximum demand load of 108A, is protected by a 250A MCCB with its existing Ir setting of 200A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=108≤In=200≤Iz=175A. The existing Ir setting is slightly higher than the maximum current 

carrying capacity of the cable but it is within acceptable limits. No issue is found on the cable sizing or CB 

settings.  

Filtrate & Ethanol MCC Feeder cable P01 (50mm², 4C+E PVC), with a current-carrying capacity of 175A and 

maximum demand load of 45A, is protected by a 160A MCCB with its Ir setting of 160A. Compliance with 

the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as follows: 

Ib=45≤In=160≤Iz=175A. No issue is found on the cable sizing or CB settings.  

Innovation Centre DB Feeder cable P01 (10mm², 4C+E PVC), with a current-carrying capacity of 100A and 

maximum demand load of 2A, is protected by a 250A MCCB with its lowest available Ir setting of 157.5A. 

Compliance with the requirements of Clause 2.5.3 of AS3000 for overload protection of the cable is as 

follows: Ib=2≤In=157.5≤Iz=100A. The selected MCCB is oversized for the demand load and selected cable, 

it is recommended to change the trip unit with a new 100A and set Ir=0.63xIn=63A. 
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Settings Phase
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DAF Area Main Switchboard provides 415V Power to the following Downstream Switchboards and MCCs: 

• DAF 1&2 Switchboard; 

• DAF 3&3 Switchboard; 

• Old RST Switchboard; 

• Filtrate & Ethanol Dosing MCC   

Shown on the following sections are TCCs for each of these switchboards' protection devices coordinated 

with their main incomer MCCBs. 

16.1.1.1 DAF 1&2 Switchboard TCCs  

The following TCCs show the largest drive circuit breakers in DAF 1&2 switchboard coordinated by the 

main incomer 400A MCCB:  

The largest starter MCCB is 100A on the 30kW Dispersion Pump that is shown on the following TCC: 

 

Figure 180 - DAF 1&2 Incomer & 30kW Drive TCC 

116 A

21005 A

0.5 1 10 100 1K 10K 100K
0.01

0.10

1

10

100

1000

CURRENT IN AMPERES

tcc67.tcc   Ref. Voltage: 415V   Current in Amps x 1   

T
IM

E
 IN

 S
E

C
O

N
D

S

DISPERSION PU1-P01

TERASAKI  
S400CJ  
S400CJ  
Trip 400.0 A
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Settings Phase
   [Ir] Thermal Pickup 0.8 (320A)  
   Curve   
   [Im] Magnetic Pickup 6 (2400A)  
   [tm] Magnetic Delay 0.02  

400A DAF 1&2-1Q1
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XS125 NJ 20A-125A  
H 125-NJ  
Trip 100.0 A
Settings Phase
   Ir, (0.63-1 x T) 0.8 (80A)  
   Ii, (6-13) 13 (1300A)  

DISPERSION PU1-Q16

DISPERSION PU1 30kW

DISPERSION PU1-P01

TERASAKI  
S400CJ  
S400CJ  
Trip 400.0 A
Plug 400.0 A
Settings Phase
   [Ir] Thermal Pickup 0.8 (320A)  
   Curve   
   [Im] Magnetic Pickup 6 (2400A)  
   [tm] Magnetic Delay 0.02  

400A DAF 1&2-1Q1
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XS125 NJ 20A-125A  
H 125-NJ  
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Settings Phase
   Ir, (0.63-1 x T) 0.8 (80A)  
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No issue is found on the existing settings for the largest MCCB and Main Incomer. All other smaller MCCBs 

will be coordinated with the main incomer without any issue.   

16.1.1.2 DAF 3&4 Switchboard TCCs  

The following TCCs show the largest MCCBs in DAF 3&4 switchboard coordinated by the main incomer 

upstream 400A MCCB:  

 

Figure 181 - DAF 1&2 Incomer & 30kW Drive TCC 

The Main Switch 3Q2 on DAF 3&4 SWBD is a 630A MCCB set at 630A. With the existing settings, it does not 

discriminate with its upstream 400A MCCB, therefore new settings as shown on the above TCC is 

recommended.  

Shown on the following TCCs are different sizes of drives coordinated by the Main Switch:  
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Trip 800.0 A
Settings Phase
   Ir 0.8 (640A)  
   Im 5 (4000A)  

800A DAF DIST SWB-QM1

DAF 3&4-P01

TERASAKI  
S400CJ  
S400CJ  
Trip 400.0 A
Plug 400.0 A
Settings Phase
   [Ir] Thermal Pickup 0.8 (320A)  
   Curve   
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400A DAF 3&4-3Q1

KLOCKNER MOELLER  
NZM 10 630N  
NZM 10 630N  
Trip 630.0 A
Settings Phase
   Ir, (300-630) 400 (396.9A)  
   Irm, (2-12) 4 (2520A)  

3Q2
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XS800NJ  
800  
Trip 800.0 A
Settings Phase
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800A DAF DIST SWB-QM1
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Settings Phase
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Settings Phase
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3Q2
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Figure 182 - Main Incomer and 55kW Drives MCCBs - TCC Figure 183 - Main Incomer and 15kW Drives MCCBs - TCC 
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Figure 184 - Main Incomer and 3kW Drives MCCBs with lower Ir Setting for 3kW - TCC 

 Figure 185 - Main Incomer and 3kW Drives MCCBs with Right Ir Setting for 3kW - TCC 
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 Generally all circuit breakers on the DAF 3&4 SWBD are selected appropriately and no issue was found on 

their settings, except for circuit breakers on the following listed drives: 

• The 3kW Tank 3 &4 Scrapers CBs with full load current (FLC) of 6.5A are currently set at Ir=6A for 

long time pick up current which is lower than FLC, it is recommended to increase the Ir setting to 

10A as shown on the above TCCs. 

•  The 11kW Feed Pumps 1,2&3 CBs with full load current of 21A are currently set at Ir=24A for long 

time pick up current which is close to the FLC, it is recommended to increase the Ir setting to 25A 

as shown on the above TCCs. 

• The 1.5kW Tank 3 &4 Skimmers CBs with full load current of 3.4A are currently set at Ir=3.8A for 

long time pick up current which is close to the FLC, it is recommended to increase the Ir setting to 

4A as shown on the above TCCs. 

• All other circuit breakers are right size and right selected Ir and Irm. 

16.1.1.3 Old RST Switchboard TCCs  

The following TCCs show the largest MCCBs in Old RST Switchboard coordinated by the main incomer 

upstream 400A MCCB:  

 

Figure 186 - Old RST Incomer & 22kW Drive Protection - TCC 
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As shown on the above TCC, the largest CB on the SWBD has been coordinated with the main incomer 

MCCB and there is no issue with the selections or settings. Consequently all smaller CBs would be 

coordinated and there would not be any issue on this switchboard.  

16.1.1.4 Filtrate & Ethanol Dosing MCC - TCCs  

The following TCCs show the Main Switch and largest 100A HRC Fuses in the Filtrate & Ethanol Dosing MCC 

coordinated by the main incomer upstream 160A MCCB:  

 

Figure 187 - Old RST Incomer & 22kW Drive - TCC 

As shown on the above TCC, the largest 100A HRC Fuses on the supply to DB are NOT coordinated with the 

main incomer MCCBs and do not discriminate for any fault on the DB . It is recommended to replace these 

fuses with 60A HRC Fuses to provide proper discrimination.  

All other CBs on this MCC are small and would coordinate with the upstream Main Switch with no issue 

except for following issues that have been identified on the CB settings for some of the drives: 

• The 0.75kW Methanol Unloading Pump CB with full load current of 1.8A is currently set at Ir=1.8A 

for long time pick up current which is FLC, it is recommended to increase the Ir setting to 2.4A; 
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•  The 15kW RST Filtrate Return Pumps 1&2 CBs with full load current of 28A are currently set at 

Ir=26A for long time pick up current which is less than FLC, it is recommended to increase the Ir 

setting to 32A as shown on the above TCCs. 

16.1.1.5 Protection Device Setting Parameters for DAF Area Switchboards  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in 

previous sections of this report:  
 

 Project Name:      LUGGAGE - DAF 1&2 SWBD 

 TCC Name:          tcc68.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A RST SWB-5Q1                          TCC Name:         tcc68.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak2 MCCB 

 Type:            S400CJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:36             Fault Duty:       21873.8A 

 Frame:           S400CJ 415V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:            400A 

 Setting: 1) [Ir] Thermal Pickup    0.8          (320A) 

          2) Curve                                

          3) [Im] Magnetic Pickup   6            (2400A) 

          4) [tm] Magnetic Delay    0.02         (seconds) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     250A INNOVATION CENTRE-6Q1                TCC Name:         tcc68.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            S250NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:50             Fault Duty:       21873.8A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Thermal Pickup         0.63         (157.5A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        6            (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A DAF 1&2-1Q1                          TCC Name:         tcc68.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak2 MCCB 

 Type:            S400CJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:36             Fault Duty:       21873.8A 

 Frame:           S400CJ 415V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:            400A 

 Setting: 1) [Ir] Thermal Pickup    0.8          (320A) 

          2) Curve                                

          3) [Im] Magnetic Pickup   6            (2400A) 

          4) [tm] Magnetic Delay    0.02         (seconds) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A DAF 3&4-3Q1                          TCC Name:         tcc68.tcc 
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 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak2 MCCB 

 Type:            S400CJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:36             Fault Duty:       21873.8A 

 Frame:           S400CJ 415V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:            400A 

 Setting: 1) [Ir] Thermal Pickup    0.8          (320A) 

          2) Curve                                

          3) [Im] Magnetic Pickup   6            (2400A) 

          4) [tm] Magnetic Delay    0.02         (seconds) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     160A FILT. & ETHANOL DOS-4Q1              TCC Name:         tcc68.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            S160-NJ                                                       

 AIC Rating:      36kA                                      Fault Duty:       21873.8A 

 Frame:           S160-NJ 690V 160A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            160A 

 Setting: 1) Ir, (0.63-1 x T)       1            (160A) 

          2) Ii, (6-13)             6            (960A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     250A OLD RST SWB-2Q1                      TCC Name:         tcc68.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            S250NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:50             Fault Duty:       21873.8A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Thermal Pickup         0.8          (200A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        6            (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     800A DAF DIST SWB-QM1                     TCC Name:         tcc68.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     800A Frame 

 Type:            XS800NJ                                                       

 AIC Rating:      50kA ShortTime:50                         Fault Duty:       21873.8A 

 Frame:           800 440V 800A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            800A 

 Setting: 1) Ir                     0.8          (640A) 

          2) Im                     5            (4000A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR32-50A                                 TCC Name:         tcc68.tcc 

 Bus Name:        S6 DAF BLD.                               Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    KEARNEY 

 Description:     1-200A 

 Type:            K Fuse Links                                                  

 AIC Rating:      8kA                                       Fault Duty:       4797.8A 

 Cartridge:       50K 15000V 50A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            50A 

  ----------------------------------------------------------------------------------------- 

 Device Name:     TWAS PU1-Q11                              TCC Name:         tcc69.tcc 
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 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       21005.0A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            25A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     WAS PU1-Q12                               TCC Name:         tcc69.tcc 

 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       21005.0A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            25A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     TOP SCRAPER CONV 1-Q16                    TCC Name:         tcc69.tcc 

 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       21005.0A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            3A 

 Setting: 1) Thermal-Mag Curve                    

 ----------------------------------------------------------------------------------------- 

 Device Name:     POLYELECTROLYTE DOSING 1-Q20              TCC Name:         tcc69.tcc 

 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       21005.0A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     TRASFER PUMP-Q22                          TCC Name:         tcc69.tcc 

 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       21005.0A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            8A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE SCREW 1-Q22                        TCC Name:         tcc69.tcc 

 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       21005.0A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 
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 Trip:            40A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     DISPERSION PU1-Q16                        TCC Name:         tcc69.tcc 

 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            XS125 NJ 20A-125A                                             

 AIC Rating:      0kA                                       Fault Duty:       21005.0A 

 Frame:           H 125-NJ 690V 125A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            100A 

 Setting: 1) Ir, (0.63-1 x T)       0.8          (80A) 

          2) Ii, (6-13)             13           (1300A) 

----------------------------------------------------------------------------------------- 

 Device Name:     AIR COMPRESSOR 1-Q17                      TCC Name:         tcc69.tcc 

 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       21005.0A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     DATA COLLECTION-Q3                        TCC Name:         tcc69.tcc 

 Bus Name:        DAF 1&2                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       21005.0A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            25A 

 Setting: 1) Thermal-Mag Curve                    

----------------------------------------------------------------------------------------- 
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 Project Name:      LUGGAGE - DAF 3&4 SWBD 

 TCC Name:          tcc74.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     TANK 3 SCRAPER-Q23                        TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-10-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       17259.5A 

 Frame:           ZMR-10-PKZ2 690V 10A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Ir, (6-10)             10           (10A) 

          2) Irm, (80-140)          80           (80A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SUBNATANT PU1-Q15                         TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-63S-M                                                    

 AIC Rating:      20kA                                      Fault Duty:       17259.5A 

 Frame:           NZM7-63S-M 690V 63A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            63A 

 Setting: 1) Ir, (40-63)            63           (63A) 

          2) Irm, (8-12)            10           (630A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FEED PU1-Q12                              TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER-MOELLER 

 Description:     PKZ2 

 Type:            ZM-25-PKZ2                                                    

 AIC Rating:      30kA                                      Fault Duty:       17259.5A 

 Frame:           ZM-25-PKZ2 690V 25A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            24A 

 Setting: 1) Irm, (200-350)         200          (200A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     FEED PU2-Q13                              TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER-MOELLER 

 Description:     PKZ2 

 Type:            ZM-25-PKZ2                                                    

 AIC Rating:      30kA                                      Fault Duty:       17259.5A 

 Frame:           ZM-25-PKZ2 690V 25A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            24A 

 Setting: 1) Irm, (200-350)         200          (200A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     TANK3 SKIMMER-Q13                         TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-4-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       17259.5A 

 Frame:           ZMR-4-PKZ2 690V 4A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 
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 Trip:            4A 

 Setting: 1) Ir, (2.4-4)            4            (4A) 

          2) Irm, (35-55)           35           (35A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     AIR COMP 1-Q24                            TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-16-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       17259.5A 

 Frame:           ZMR-16-PKZ2 690V 16A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            16A 

 Setting: 1) Ir, (10-16)            16           (16A) 

          2) Irm, (130-220)         170          (169.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     POLYMER DOSING 3-Q14                      TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-4-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       17259.5A 

 Frame:           ZMR-4-PKZ2 690V 4A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            4A 

 Setting: 1) Ir, (2.4-4)            4            (4A) 

          2) Irm, (35-55)           35           (35A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     RECYCLE PU1-Q14                           TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-125S-M                                                   

 AIC Rating:      65kA                                      Fault Duty:       17259.5A 

 Frame:           NZM7-125S-M 690V 125A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            125A 

 Setting: 1) Ir, (80-125)           125          (125A) 

          2) Irm, (6-14)            12           (1500A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE TWAS PU1-Q14                       TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZM-32-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       17259.5A 

 Frame:           ZM-32-PKZ2 690V 32A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         275          (274.9A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     100A DB 1 FUSE                            TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     30-100A 

 Type:            HRC Form II, 600V                                             

 AIC Rating:      200kA                                     Fault Duty:       17259.5A 

 Cartridge:       HRC Form II 600V 100A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 
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 ----------------------------------------------------------------------------------------- 

 Device Name:     30A DB 2 FUSE                             TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     2 - 32A, IEC 

 Type:            AD, HRC fuse                                                  

 AIC Rating:      80kA                                      Fault Duty:       17259.5A 

 Cartridge:       AD32 550V 32A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            32A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     3Q2                                       TCC Name:         tcc74.tcc 

 Bus Name:        DAF 3&4                                   Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM 10 630N                                                   

 AIC Rating:      20kA                                      Fault Duty:       17259.5A 

 Frame:           NZM 10 630N 690V 630A                     Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            630A 

 Setting: 1) Ir, (300-630)          400          (396.9A) 

          2) Irm, (2-12)            4            (2520A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     400A DAF 3&4-3Q1                          TCC Name:         tcc74.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak2 MCCB 

 Type:            S400CJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:36             Fault Duty:       21873.8A 

 Frame:           S400CJ 415V 400A                          Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          400A 

 Plug:            400A 

 Setting: 1) [Ir] Thermal Pickup    0.8          (320A) 

          2) Curve                                

          3) [Im] Magnetic Pickup   6            (2400A) 

          4) [tm] Magnetic Delay    0.02         (seconds) 

----------------------------------------------------------------------------------------- 

  

 Project Name:      LUGGAGE - Old RST SWBD 

 TCC Name:          tcc76.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

----------------------------------------------------------------------------------------- 

 Device Name:     SLUDGE FEED PU1-Q12                       TCC Name:         tcc76.tcc 

 Bus Name:        OLD RST SWB                               Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       7659.6A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            40A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     THICKENED SLUDGE PU1-Q13                  TCC Name:         tcc76.tcc 

 Bus Name:        OLD RST SWB                               Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         
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 AIC Rating:      50kA                                      Fault Duty:       7659.6A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            50A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     WASH WATER 1-Q13                          TCC Name:         tcc76.tcc 

 Bus Name:        OLD RST SWB                               Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       7659.6A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal-Mag Curve                    

  

----------------------------------------------------------------------------------------- 

 Device Name:     POLY DOSE 1-Q14                           TCC Name:         tcc76.tcc 

 Bus Name:        OLD RST SWB                               Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       7659.6A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     RTS DRUM 1-Q14                            TCC Name:         tcc76.tcc 

 Bus Name:        OLD RST SWB                               Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     CAPLET 50 

 Type:            TP-50                                                         

 AIC Rating:      50kA                                      Fault Duty:       7659.6A 

 Frame:           CAPLET 50 440V 50A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Thermal-Mag Curve                    

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     250A OLD RST SWB-2Q1                      TCC Name:         tcc76.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     160A,250A 

 Type:            S250NJ                                                        

 AIC Rating:      36kA Override:36 ShortTime:50             Fault Duty:       21873.8A 

 Frame:           250 415V 250A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Sensor:          250A 

 Plug:              

 Setting: 1) Thermal Pickup         0.8          (200A) 

          2) Thermal Curve                        

          3) Magnetic Pickup        6            (1500A) 

----------------------------------------------------------------------------------------- 
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 Project Name:      LUGGAGE - FILTRATE & ETHANOL DOSING MCC 

 TCC Name:          tcc78.tcc 

 Reference Voltage: 415 V 

 Current Scale:     X 10^0 

 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     PU001MET-Q18                              TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-2.4-PKZ2                                                  

 AIC Rating:      20kA                                      Fault Duty:       8492.2A 

 Frame:           ZMR-2.4-PKZ2 690V 2A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            2A 

 Setting: 1) Ir, (1.6-2.4)          2.4          (2.4A) 

          2) Irm, (20-35)           20           (20A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     PU002MET-Q14                              TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-1-PKZ2                                                    

 AIC Rating:      20kA                                      Fault Duty:       8492.2A 

 Frame:           ZMR-1-PKZ2 690V 1A                        Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            1A 

 Setting: 1) Ir, (0.6-1)            1            (1A) 

          2) Irm, (8-14)            10           (10A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     PU001RT1-Q19                              TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-10-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8492.2A 

 Frame:           ZMR-10-PKZ2 690V 10A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            10A 

 Setting: 1) Ir, (6-10)             10           (10A) 

          2) Irm, (80-140)          100          (100A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     PU001FDS-Q16                              TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-32-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8492.2A 

 Frame:           ZMR-32-PKZ2 690V 32A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         325          (324.8A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     PU002FDS-Q17                              TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-32-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8492.2A 
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 Frame:           ZMR-32-PKZ2 690V 32A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            32A 

 Setting: 1) Ir, (24-32)            32           (32A) 

          2) Irm, (275-425)         325          (324.8A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     EQ001RT1-Q17                              TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     PKZ2 

 Type:            ZMR-40-PKZ2                                                   

 AIC Rating:      20kA                                      Fault Duty:       8492.2A 

 Frame:           ZMR-40-PKZ2 690V 40A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            40A 

 Setting: 1) Ir, (32-40)            32           (32A) 

          2) Irm, (350-500)         350          (350A) 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     100A 30POLE DB FUSE                       TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     30-100A 

 Type:            HRC Form II, 600V                                             

 AIC Rating:      200kA                                     Fault Duty:       8492.2A 

 Cartridge:       HRC Form II 600V 80A                      Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            80A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     30A 24POLE DB FUSE                        TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    BUSSMANN 

 Description:     2 - 32A, IEC 

 Type:            AC, HRC fuse                                                  

 AIC Rating:      80kA                                      Fault Duty:       8492.2A 

 Cartridge:       AC32 550V 32A                             Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            32A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     MAIN SWITCH Q1                            TCC Name:         tcc78.tcc 

 Bus Name:        FILTRATE & ETHANOL DOSING MCC             Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    KLOCKNER MOELLER 

 Description:     KM MCCB 

 Type:            NZM7-200N                                                     

 AIC Rating:      20kA                                      Fault Duty:       8492.2A 

 Frame:           NZM7-200N 690V 200A                       Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            200A 

 Setting: 1) Ir, (160-200)          200          (200A) 

          2) Irm, (2-12)            6            (1200A) 

  

----------------------------------------------------------------------------------------- 

 Device Name:     160A FILT. & ETHANOL DOS-4Q1              TCC Name:         tcc78.tcc 

 Bus Name:        DAF AREA SWB                              Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    TERASAKI 

 Description:     TemBreak MCCB 

 Type:            S160-NJ                                                       

 AIC Rating:      36kA                                      Fault Duty:       21873.8A 

 Frame:           S160-NJ 690V 160A                         Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Trip:            160A 

 Setting: 1) Ir, (0.63-1 x T)       1            (160A) 

          2) Ii, (6-13)             6            (960A) 

----------------------------------------------------------------------------------------- 
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16.1.1.6 AS3000: 2007 Compliance Check of DAF Area Switchboards   

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final 

sub-circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• QM1 : 800A Terasaki type “XS800NJ”, MCCB on the Incomer to DAF Area Switchboard with its 

short time pick up setting Irm is set at 4000A to clear faults within 0.1 sec.; 

• 1Q1: 400A Terasaki type “S400CJ”, MCCB on the feeder to DAF 1&2 Switchboard with its short 

time pick up setting Irm is set at 2400A to clear faults within 0.1 sec.; 

• 3Q1: 400A Terasaki type “S400CJ”, MCCB on the feeder to DAF 3&4 Switchboard with its short 

time pick up setting Irm is set at 2400A to clear faults within 0.02 sec.; 

• 4Q1: 160A Terasaki type “S160NJ”, MCCB on the feeder to Filtrate & Ethanol Dosing Switchboard 

with its short time pick up setting Irm is set at 960A to clear faults within 0.1 sec.; 

• 2Q1: 250A Terasaki type “S250NJ”, MCCB on the feeder to Old RST Switchboard with its short time 

pick up setting Irm is set at 1500A to clear faults within 0.1 sec.; 

• 6Q1: 250A Terasaki type “S250NJ”, MCCB on the feeder to Innovation Centre Switchboard with its 

short time pick up setting Irm is set at 1500A to clear faults within 0.1 sec.; 

After determining the values of Ia for all equipment on these switchboards, we need to calculate the 

values of Zs. Then we will calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential 

voltages.  

Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 100MA Per 

Unit bases for all equipment:   
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Figure 188: DAF AreaSwitchboards - One Line Diagram with Bus Bar Impedances
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The Earth Fault Loop Impedance on the DAF Area SWBD Bus Bars is Zo = 15.95 Per Unit (pu) on 100MVA base. In 

order to calculate the Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

 

So, Zs = 0.027 and the short time protection setting of the main incomer QM1 is 4000A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.027x4000=110 Volts which trips in 0.1 seconds. The trip time for 110 Volts on Figure B4 

of AS3000:2007 is 0.35 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 250A MCCB to Innovation Centre MCC is 50.41 Per Unit (pu) on 100MVA 

base. Using the above formula, the ohmic value Zs=50.41x0.0017=0.087Ώ.  So, Zs =0. 087Ω and the short time 

protection setting of the circuit breaker is a value of 1500A to trip in 0.1 seconds. Therefore, compliance with Clause 

5.7.4 of AS3000 is verified as follows:  0. 087x1500=130.2 Volts which trips in 0.1 second. The trip time for 130.2 

Volts on Figure B4 of AS3000:2007 is 0.33 sec. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 400A MCCB to DAF 1&2 SWBD is 16.76 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=16.76x0.0017=0.029Ώ.  So, Zs =0. 029Ω and the short time protection setting 

of the circuit breaker is a value of 2400A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is 

verified as follows:  0. 029x2400=69.3 Volts which trips in 0.1 second. The trip time for 69.3 Volts on Figure B4 of 

AS3000:2007 is 0.7 sec. Therefore, the design with the above settings meets touch potential requirements of Clause 

5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 400A MCCB to DAF 3&4 SWBD is 22.75 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=22.75x0.0017=0.039Ώ.  So, Zs =0. 039Ω and the short time protection setting 

of the circuit breaker is a value of 2400A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is 

verified as follows:  0. 039x2400=94 Volts which trips in 0.1 second. The trip time for 94 Volts on Figure B4 of 

AS3000:2007 is 0.45 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 160A MCCB to Filtrate & Ethanol Dosing MCC is 34.73 Per Unit (pu) on 

100MVA base. Using the above formula, the ohmic value Zs=34.73x0.0017=0.06Ώ.  So, Zs =0. 06Ω and the short time 

protection setting of the fuse is a fixed value of 960A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 

of AS3000 is verified as follows:  0. 06x960=57.4  Volts which trips in 0.1 second. The trip time for 57.4 Volts on 

Figure B4 of AS3000:2007 is 0.7 sec. Therefore, the design with the above settings meets touch potential 

requirements of Clause 5.7.4 of AS3000:2007. 

The Earth Fault Loop Impedance on the 250A MCCB to Old RST SWBD is 34.73 Per Unit (pu) on 100MVA base. Using 

the above formula, the ohmic value Zs=34.73x0.0017=0.06Ώ.  So, Zs =0. 06 Ω and the short time protection setting of 

the fuse is a fixed value of 1500A to trip in 0.1 seconds. Therefore, compliance with Clause 5.7.4 of AS3000 is verified 

as follows:  0. 06x1500= 89.7 Volts which trips in 0.1 second. The trip time for 89.7 Volts on Figure B4 of 

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 15.952x0.0017 

Zs = 0.027Ώ (Earth Fault Loop Impedance in the Switchboard) 
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AS3000:2007 is 0.45 sec. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

16.1.1.7 Arc Flash Evaluation of DAF Area SWBD  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the 415V DAF Area  

Switchboards:    

 

Figure 189 -  DAF Area Switchboards Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V DAF Area Switchboards is Cat. 0 at the Switchboards Busbars. The arc flash 

category on all of the downstream DBs is Cat.0. The following labels are recommended to be shown on the 

switchboards' front doors for PPE Requirements:  
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Figure 190- 415V DAF Area Switchboards Arc Flash Labels 
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17 LUGGAGE POINT STP – SUBSTATION S4 & GAS COMPRESSOR 415V SWITCHBOARD POWER 

SYSTEM ANALYSIS 

11kV power supply to the 415V Gas Compressors Switchboard is fed from the 11kV Ring Main Unit (RMU) at 

Substation S4 via two 11kV feeders:  

• Feeder 10 connected to upstream 11kV Switchboard; 

• Feeder 16 connected to downstream 11kV Substation S6  

The Substation S4 comprises of one 500kVA, 11kV/415V transformer feeding Gas Compressors Power Distribution 

Board that feeds Gas Compressors Light & Power DB and Gas Compressors MCC which has now been 

decommissioned.   

The following system data are applicable for each component of Substation S4 and its 415V Distribution Board: 

11kV Substation S4: 

• Max Demand - Maximum demand load of Substation S4 is: 

Load on Gas Compressors MCC Feeder: 0.0kW (decommissioned); 

Load on Gas Compressors Light & Power DB: 5.8kW (10A); 

  Making maximum demand load of the entire Substation S4: 5.8kW  

• Voltage Drop: No issue is found with voltage drop on the Substation S4 and 415V DB.  

• Fault Levels on the Substation S4 and its 415V DB:  

3 phase fault level on the Gas Compressors L&P DB is: 13.485kA; 

1 phase to ground fault level on the Gas Compressors L&P DB is: 11.300kA; 

The following diagrams show details of Input Data, Load Flow & Voltage Drop and Short Circuit Fault Currents for the 

Substation S4 and its 415V L&P DB.  
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Figure 191 – Substation S4 & Gas Compressor 415V L&P DB  –One Line Diagram with Input Data 

      

Figure 192 – Substation S4 & Gas Compressor 415V L&P DB –One Line Diagram with Load Flow and Voltage Drop 
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Figure 193 - Substation S4 & Gas Compressor 415V  L&P DB –One Line Diagram with Short Circuit Fault Currents 

17.1.1 Time Current Curves 

Shown on the following diagrams are the Time Current Curves (TCC) for the major protection devices that provide 

protection to the transformer and Main Incomer into the Gas Compressor L&P DB and its Busbars. The protection 

device settings required to achieve the protection co-ordination shown on the TCC diagram are provided on the 

following pages. 
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Figure 194: Gas Compressor L&P DB Incomer & Upstream Incomer HV Fuses Protection - TCC 

The existing protection devices shown on the above TCC provides a Cat.0 arc flash rating for the Gas Compressor L&P 

DB and discriminates with its upstream HV Fuses but there is an issue on the sizing of the 160A HRC Fuses on the Gas 

Compressor SWBD that is currently providing power supply to L&P DB as per the following compliance check:   

The Gas Compressor L&P DB Feeder cable L&P DB-P01 (25mm², 4C+E PVC), with a current-carrying capacity of 132A 

and maximum demand load of 10A, is protected by 160A Incomer HRC Fuses. Compliance with the requirements of 

Clause 2.5.3 of AS3000 for overload protection of the cable is as follows: Ib=10≤In=160≤Iz=0.9x132=118.8A. As the 

formulae shows the existing HRC fuses are oversized for protection of the cable, it is recommended to replace these 

fuses with 100A to provide overload protection for the L&P DB Cable which meets the requirements: 

Ib=10≤In=100≤Iz=0.9x132=118.8A. . 

17.1.1.1 Protection Device Setting Parameters for Gas Compressor Area DB  

The following CAPTOR Report provides protection device settings shown on the Time Current Curves in previous 

sections of this report:  
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 TCC Notes:          

 TCC Comment:        

 Fault Duty Option: Study Result - Bus Fault Current 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     GAS COMP L&P DB-P01                       TCC Name:         tcc79.tcc 

 Bus Name:        GAS COMPRESSION AREA                      Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           1 

 Size:            25                                        Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     PD-0354                                   TCC Name:         tcc79.tcc 

 Bus Name:        GAS COMPRESSION AREA                      Bus Voltage:      415.0V 

 Function Name:   Phase 

 Manufacturer:    ABB 

 Description:     6-630A 

 Type:            OFAA                                                          

 AIC Rating:      100kA                                     Fault Duty:       13484.9A 

 Cartridge:       OFAA 690V 100A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            100A 

  

 ----------------------------------------------------------------------------------------- 

 Device Name:     CBL-0068                                  TCC Name:         tcc79.tcc 

 Bus Name:        BUS-0340                                  Bus Voltage:      415.0V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     Cable Damage Curve                        Qty/Ph:           1 

 Size:            240                                       Cont. Temp:       90 deg C. 

 Material:        Copper                                    Damage Temp:      250 deg C. 

 ----------------------------------------------------------------------------------------- 

 Device Name:     XF2-0003                                  TCC Name:         tcc79.tcc 

 Bus Name:        BUS-0014                                  Bus Voltage:      11000.0V / 415V 

                                                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Description:     2-Winding Transformer Damage Curve        Rated Volts:      11000 LL/415 LL 

 Nominal Size:    500.0kVA 

 Impedance (%Z):  4.4100                                    Pri Connection:   Delta 

 Inrush Factor:   12.0x                                     Sec Connection:   Wye-Ground 

 

 ----------------------------------------------------------------------------------------- 

 Device Name:     FDR44-50A                                 TCC Name:         tcc79.tcc 

 Bus Name:        S4 GAS COMPRESSOR                         Bus Voltage:      11000.0V 

 Function Name:   Phase 

 Manufacturer:    KEARNEY 

 Description:     1-200A 

 Type:            K Fuse Links                                                  

 AIC Rating:      8kA                                       Fault Duty:       5013.1A 

 Cartridge:       50K 15000V 50A                            Curve Multiplier: 1 

 Time Multiplier: 1                                         Time Adder:       0 

 Size:            50A 

 

----------------------------------------------------------------------------------------- 
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17.1.1.2 AS3000: 2007 Compliance Check of Gas Compressors Area L&P DB    

The AS3000:2007 requirement for automatic disconnection of supply to the 230/400V sub-mains and final sub-

circuits in Clause 1.5.5.3 Item (ii) is shown in Figure B4 on Page 42 of this document.   

As shown in the device settings above:  

• PD-0354: new 100A HRC Fuses on the Incomer to Gas Compressors L&P DB with short time pick up current 

fixed at 1000A to clear faults within 0.1 sec.; 

After determining the value of Ia for all equipment on the DB, we need to calculate the value of Zs. Then we will 

calculate Uo to check compliance with Clause 5.7.4 of AS3000 for touch potential voltages.  

Shown in the figure below are the Positive, Negative and the Earth Fault Loop Impedances on 100MA Per Unit bases 

for all equipment:   

 

Figure 195 -  - Gas Compressor L&P DB - One Line Diagram with Bus Bar Impedances 

 

The Earth Fault Loop Impedance on the L&P DB is Zo = 16.3 Per Unit (pu) on 100MVA base. In order to calculate the 

Ohmic value of Zs the following Per Unit Calculation Formula will be used: 

 

 

 

 

FROM 11KV SWITCHBOARD

TO SUBSTATION S6

Feeder 44

S

XF2-0003

BUS-0014

GAS COMPRESSION AREA

Z1 10.3167 pu
Z2 10.3167 pu

Zo  16.3036 pu

Feeder 16

GAS COMP L&P DB

CBL-0068

BUS-0340

GAS COMP L&P DB-P01

L&P DB BUS

FDR44-50A

S4 GAS COMPRESSOR

Z1 1.0470 pu

Z2 1.0470 pu
Zo  11.2188 pu

Feeder 10

11kV Main SWBD

Z1 1.0121 pu
Z2 1.0121 pu

Zo  11.0824 pu

PD-0354

S6 DAF BLD.

Z1 1.0940 pu

Z2 1.0940 pu

Zo  11.4008 pu

Base Impedance (Ohm) = Base Voltage (kV)² /Base MVA 

Base Impedance (Ohm) = 0.415²/100 

Zb =0.0017Ώ 

Actual Impedance Zs = Per Unit Impedance x Base Impedance 

Zs= 16.3x0.0017 

Zs = 0.028Ώ (Earth Fault Loop Impedance in the Switchboard) 
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So, Zs = 0.028 and the short time protection setting of the main incomer QM1 is 1000A to trip in 0.1 seconds. 

Therefore, compliance with Clause 5.7.4 of AS3000 is verified as follows:  

 i.e. 0.028x1000=28 Volts which trips in 0.1 seconds. The trip time for 28 Volts on Figure B4 

of AS3000:2007 is indefinite. Therefore, the design with the above settings meets touch potential requirements of 

Clause 5.7.4 of AS3000:2007. 

17.1.1.3 Arc Flash Evaluation of Gas Compressor L&P DB  

 The following Arc Flash Evaluation Study has been carried out to provide PPE Requirements for the 415V Gas 

Compressor Area L&P DB:    

 

Figure 196 -  Gas Compressor Area L&P DB  Arc Flash Calculation & PPE Description Table 

 The highest PPE Level on the 415V Gas Compressor Area L&P DB is level 0 at the Switchboards Busbars. The 

following label is recommended to be shown on the switchboard's front door for PPE Requirements:  

 

Figure 197- 415V Gas Compressor Area DB Arc Flash Labels 
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18 ARC FLASH EVALUATION AND PPE SELECTION 

Electrical arc burns account for a large percentage of electrical injuries. An arc flash study combines short circuit 

calculations, empirical equations and protective device operating times to estimate incident energy and protective 

clothing requirements at typical working distances. 

Causes of Electrical Arc Flash Events: 

     -    Contact with live parts typically from dropping tools or loose parts.  

     -    Insulation failure  

     -    Over-voltages  

     -    Dust  

     -    Corrosion  

     -    Condensation  

 

Why Perform Arc Flash Studies?  

     -    Prevent worker injury or death  

     -    Avoid litigation expense  

     -    Minimize equipment damage  

     -    Minimize system down time  

     -    Comply with codes and safety regulations of AS4836, NFPA 70E, IEC 61482 and IEEE 1584; (OSHA,  NFPA, NEC).  

     -    Insurance requirements 

 

Arc Flash Studies estimate incident energy exposure from potential arc sources. The PTW Arc Flash Study, herein 

referred to as Arc Flash, follows the IEEE 1584 2002 methods for determining the arc-flash hazard distance and the 

incident energy that workers may be exposed to when working on or near electrical equipment.  

The Arc Flash Evaluation Study included in each section of this report has been carried out to provide PPE 

Requirements for each of the HV and LV Switchboard, MCCs and DB across the Luggage Point STP. 

The following PPE selection Table for the calculated Arc Flash Categories in this report is an extract from QUU's WI58 

Work Instructions that should be used for the specified Arc Flash Categories for this site:  

Appendix A–Hazard Category 

Hazard Category Rating PPE Image 

0  Untreated natural fiber long sleeve shirt and long 

sleeve pants, safety glasses, hearing protection & 

leather gloves as needed 

 

1 < 4 cal / cm2 Arc rated long sleeve shirt, arc rated long pants, 

arc rated face shield, safety glasses, hearing 

protection & leather gloves as needed 
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2 <8cal / cm2 Arc rated long sleeve shirt, arc rated long pants 

(or overcoat or overalls), arc rated face shield 

with balaclava, hearing protection& leather with 

insulating gloves as needed 

 

3 <25cal / cm
2
 Arc rated long sleeve shirt, arc rated long pants, 

arc rated flash hood, safety glasses, hearing 

protection & leather with insulating gloves as 

needed 

 

4 <40cal / cm2 Arc rated long sleeve shirt, arc rated long pants, 

arc rated flash hood, safety glasses, hearing 

protection & leather with insulating gloves as 

needed 
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Questions and Answers on Arc Flash Hazard: 

Q1 - We need to know the hazard distances with the switchboard door closed i.e. no exposure to live parts? 

Response: with the switchboard doors closed, there is no arc flash hazard on a Level 0 switchboard, the only 

hazard is touch potential hazard due to 415V being inside cabinet that could end up with a phase to frame 

short circuit (for whatever reason). This needs to be addressed by having correct CB settings to ensure 

prospective touch voltage does not rise beyond dangerous levels (Figure B4 of AS3000:2007) AND must be 

addressed by putting a warning sign on each switchboard as per signage requirements of Australian 

Standard AS3000. QUU must ensure this warning sign: “WARNING 415V DANGEROUS VOLTAGE BEHIND 

SWITCHBOARD DOOR” is clearly shown on each switchboard door where 415V is behind that door. 

It is recommended to stick the “Arc Flash Hazard” label on the Escutcheon Plate of every compartment 

that has 415V live part behind. The label should be behind the switchboard front door to avoid any safety 

concern to the general public.    

Q2 - QUU needs sufficient detail to allow communication to their maintenance staff. At the end of the day 

we need to understand if the arc flash presents a hazard to people walking past the switchboard with the 

door closed (i.e. general public), QUU staff with limited access (door open and starting a pump) and QUU 

staff with full access (i.e. electricians – door open and escutcheon open). 

Response:  

On a Level 0 switchboard with doors closed, Arc Flash does not present any hazard to public walking past the 

switchboard nor QUU staff. 

For QUU staff with limited access (who have done switchboard key access training), they can open the front door 

to start a pump without any need to PPE, however it is recommended to put a fence, barrier or mobile 

barricade around the switchboard (outside the Limited Approach boundary) to prevent general public having 

access to a switchboard with its front doors open. QUU Staff with limited access MUST NOT open the 

escutcheon to get access to exposed live 415V parts of the switchboard. 

Escutcheon plates can only be opened by trained electricians using proper PPE as shown on the Arc Flash Hazard 

Label (Refer to Restricted Approach description). 

 

Q3 - Can it be said that the “Limited Approach” distance is the minimum distance where the workers mobile 

barricades should go when working on these switchboards in publicly accessible places i.e. to prevent 

unqualified people from entering this zone when the switchboard door is open.  

Response:  

Yes as per item b) in Question 2 – it is strongly recommended to put these barricades outside Limited Approach 

Boundary before opening the switchboard front doors.  
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Description of Arc Flash Terminologies as per: NFPA 70E - Standard for Electrical Safety in the 

Workplace 

Item Description 

Flash Hazard Boundary The distance from an arcing fault within which unprotected skin could receive a 2nd 

degree burn. Generally considered the distance from an exposed arc source where the 

incident energy equals 1.2 cal/cm2. 

Flash Hazard/ Incident 

Energy 

The amount of energy on a surface at a specific distance from a flash 

PPE Category Indicates the Personal Protective Equipment (PPE) required to prevent an incurable burn 

at the working distance from an exposed arc source during an arcing fault. 

PPE Category Level (x)  The following table shows the Category Levels: 

Level 0:Nonmelting, Flammable Materials with Weight >= 4.5 oz/sqyd, Safety Glasses or 

Goggles + Ear Canal Inserts, Leather Gloves, Safety glasses, Non-melting or untreated 

natural fiber (cotton/wool/rayon/silk > 4.5 oz/sqyd), shirt (long-sleeve), pants (long)., > 

50V voltage rated tools + Class 0 (minimum) gloves, Dielectric shoes or insulating mat 

(step and touch potential). 

Level 1: Arc-rated FR Shirt & Pants, Hardhat + Safety Glasses or Goggles + Ear Canal 

Inserts, Leather Gloves, Leather work shoes, Safety glasses, electrically rated hard hat with 

hood and face shield., 17 J/sq cm, FR shirt (long-sleeve) plus FR pants (long), or FR 

coverall, rainwear as needed., > 50V voltage rated tools + Class 0 (minimum) gloves and 

leather protectors (flash) as needed., Leather shoes (flash) as needed. Dielectric shoes or 

insulating mat (step and touch potential). 

Level 2: Arc-rated FR Shirt & Pants, Hardhat + Safety Glasses or Goggles + Ear Canal 

Inserts, Leather Gloves, Leather work shoes, Safety glasses, electrically rated hard hat with 

hood and face shield. Hearing protection., 34 J/sq cm, cotton underwear T-shirt and briefs 

or shorts, FR shirt (long-sleeve) plus FR pants (long), or FR coverall/coat, rainwear as 

needed., > 50V voltage rated tools + Class 0 (minimum) gloves and leather protectors 

(flash)., Leather shoes (flash) as needed. Dielectric shoes or insulating mat (step and touch 

potential). 

Level 3: Arc-rated FR Shirt & Pants & Arc Flash Suit, Hardhat + FR hard hat liner + Safety 

Glasses or Goggles + Ear Canal Inserts, Arc-rated Gloves, Leather work shoes, Safety 

glasses, electrically rated hard hat with hood and face shield. Hearing protection., 105 J/sq 

cm, cotton underwear T-shirt and briefs or shorts, FR shirt (long-sleeve) plus FR pants 

(long), or FR coverall/coat, rainwear as needed., > 50V voltage rated tools + Class 0 

(minimum) gloves and leather protectors (flash)., Leather shoes (flash) as needed. 

Dielectric shoes or insulating mat (step and touch potential). 

Level 4: Arc-rated FR Shirt & Pants & Arc Flash Suit, Hardhat + FR hard hat liner + Safety 

Glasses or Goggles + Ear Canal Inserts, Arc-rated Gloves, Leather work shoes, Safety 

glasses, electrically rated hard hat with hood and face shield. Hearing protection., 167 J/sq 

cm, cotton underwear T-shirt and briefs or shorts, FR shirt (long-sleeve) plus FR pants 

(long), or FR coverall/coat, rainwear as needed., > 50V voltage rated tools + Class 0 

(minimum) gloves and leather protectors (flash)., Leather shoes (flash) as needed. 

Dielectric shoes or insulating mat (step and touch potential). 

Level Dangerous!: No FR Category Found, Do not work on live!, No FR Category Found, 

Arc Flash Incident Energy Exceeds the Rating of Category 4 PPE., No FR Category Found 

Shock Hazard when cover is 

removed 

Voltage levels which pose potential shock hazard when switchboard door and escutcheon 

are open. Typically 415VAC. 

Glove Class Glove Class is system voltage dependant as follows:  

Glove Class         Voltage 
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00                           500 V 

0                              1000 V 

1                              7500 V 

2                              17,000 V 

3                              26,500 V 

4                              36,000 V 

For a 415V system, the recommended Glove Class is 00 in  NFPA 70E - Standard for 

Electrical Safety in the Workplace 

Limited Approach An approach limit at a distance from an exposed live part within which a shock hazard 

exists (Defined in NFPA 70E - Standard for Electrical Safety in the Workplace based on 

design voltage at the fault location). 

Restricted Approach A shock protection boundary to be crossed by only qualified persons (at a distance from a 

live exposed part) which, due to its proximity to a shock hazard, requires the use of shock 

protection techniques and equipment when crossed (Defined in NFPA 70E - Standard for 

Electrical Safety in the Workplace based on design voltage at the fault location). 

Prohibited Approach An approach limit at a distance from an exposed live part within which work is considered 

the same as making contact with the live part.  Defined in NFPA 70E - Standard for 

Electrical Safety in the Workplace based on design voltage at the fault location.   
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19 APPENDIX A: INPUT DATA REPORT 

 

  LUGGAGE POINT STP 

  

  ------------------------------------------------------------------------------ 

  SKM POWER*TOOLS FOR WINDOWS  

  INPUT DATA REPORT  

  COPYRIGHT SKM SYSTEMS ANALYSIS, INC. 1995-2013 

 ------------------------------------------------------------------------------ 

  ALL PU VALUES ARE EXPRESSED ON A 100 MVA BASE. 

                                           FEEDER  INPUT  DATA    

 

====================================================================================================== 

 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 11kV Incomer  11kV Bus 1      11kV Main SWBD   1  11000  150.0 METER     240     Copper 

               Duct Material: Non-Magnetic     Insulation Type:       XLPE     Insulation Class:            

               +/-  Impedance: 0.0961 + J  0.1005  Ohms/1000 m       0.0119 + J  0.0125  PU 

               Z0   Impedance: 0.1529 + J  0.2558  Ohms/1000 m       0.0189 + J  0.0317  PU 

 

 AFFL PU01-P01 GALLERY AERATI  BUS-0143         1    415   50.0 METER     185     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1240 + J  0.0748  Ohms/1000 m         3.60 + J    2.17  PU 

               Z0   Impedance: 0.1969 + J  0.1903  Ohms/1000 m         5.72 + J    5.52  PU 

 

 AIR COND PANELRO SWBD         BUS-0127         1    415   25.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        11.87 + J    1.19  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        18.87 + J    3.04  PU 

 

 BFP3 AIR COMP-BUS-0031        BUS-0239         1    415   20.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m        65.15 + J    1.20  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       103.57 + J    3.04  PU 

 

 BFP3 CN COM COBUS-0031        BUS-0240         1    415   12.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m        26.13 + J  0.6814  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m        41.54 + J    1.73  PU 

 

 BFP3&CN FILT PBUS-0031        BUS-0241         1    415   38.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m        82.74 + J    2.16  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       131.54 + J    5.49  PU 

 

 BFP3&CN FILT PBUS-0031        BUS-0242         1    415   38.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m        82.74 + J    2.16  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       131.54 + J    5.49  PU 

 

 BLWR1 FDR     3.3kV Bus SEC   BLWR1 BUS        1   3300   37.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.1900 + J  0.0656  Ohms/1000 m       0.0646 + J  0.0223  PU 

               Z0   Impedance: 0.3018 + J  0.1667  Ohms/1000 m       0.1025 + J  0.0566  PU 

 

 BLWR2 FDR     3.3kV Bus SEC   BLWR2 BUS        1   3300   40.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.1900 + J  0.0656  Ohms/1000 m       0.0698 + J  0.0241  PU 

               Z0   Impedance: 0.3018 + J  0.1667  Ohms/1000 m       0.1109 + J  0.0612  PU 
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                                           FEEDER  INPUT  DATA    

 

====================================================================================================== 

 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 BLWR3 FDR     3.3kV Bus 2     BLWR3 BUS        1   3300   30.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.1900 + J  0.0656  Ohms/1000 m       0.0523 + J  0.0181  PU 

               Z0   Impedance: 0.3018 + J  0.1667  Ohms/1000 m       0.0832 + J  0.0459  PU 

 

 BLWR4 FDR     3.3kV Bus 2     BLWR4 BUS        1   3300   30.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.1900 + J  0.0656  Ohms/1000 m       0.0523 + J  0.0181  PU 

               Z0   Impedance: 0.3018 + J  0.1667  Ohms/1000 m       0.0832 + J  0.0459  PU 

 

 BLWR5 FDR     3.3kV Bus 2     BLWR5 BUS        1   3300   40.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.1900 + J  0.0656  Ohms/1000 m       0.0698 + J  0.0241  PU 

               Z0   Impedance: 0.3018 + J  0.1667  Ohms/1000 m       0.1109 + J  0.0612  PU 

 

 Bus Tie A     Main Sub S1B    Main Sub S1A     1  11000    1.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m      0.00019 + J 0.00006  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m      0.00031 + J 0.00016  PU 

 

 Bus Tie B     Main Sub S1C    Main Sub S1B     1  11000    1.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m      0.00019 + J 0.00006  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m      0.00031 + J 0.00016  PU 

 

 CBL-0052      BUS-0070        RO SWBD          4    415   25.0 METER     500     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0486 + J  0.0732  Ohms/1000 m       0.1764 + J  0.2656  PU 

               Z0   Impedance: 0.0771 + J  0.1860  Ohms/1000 m       0.2798 + J  0.6750  PU 

 

 CBL-0053      BUS-0145        BUS-0050         2    415   10.0 METER     185     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1240 + J  0.0748  Ohms/1000 m       0.3600 + J  0.2172  PU 

               Z0   Impedance: 0.1969 + J  0.1903  Ohms/1000 m       0.5716 + J  0.5525  PU 

 

 CBL-0055      BUS-0142        DAF AREA DB      2    415   12.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0597 + J  0.0738  Ohms/1000 m       0.2080 + J  0.2571  PU 

               Z0   Impedance: 0.0948 + J  0.1877  Ohms/1000 m       0.3303 + J  0.6539  PU 

 

 CBL-0056      BUS-0179        BUS-0024         1    415   20.0 METER     185     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1240 + J  0.0748  Ohms/1000 m         1.44 + J  0.8686  PU 

               Z0   Impedance: 0.1969 + J  0.1903  Ohms/1000 m         2.29 + J    2.21  PU 
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 CBL-0058      BUS-0230        BUS-0044         1    415   20.0 METER     185     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1240 + J  0.0748  Ohms/1000 m         1.44 + J  0.8686  PU 

               Z0   Impedance: 0.1969 + J  0.1903  Ohms/1000 m         2.29 + J    2.21  PU 

 

 CBL-0059      BUS-0265        BUS-0047         1    415   20.0 METER     185     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1240 + J  0.0748  Ohms/1000 m         1.44 + J  0.8686  PU 

               Z0   Impedance: 0.1969 + J  0.1903  Ohms/1000 m         2.29 + J    2.21  PU 

 

 CBL-0060      BUS-0282        BUS-0031         1    415   20.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1880 + J  0.0748  Ohms/1000 m         2.18 + J  0.8686  PU 

               Z0   Impedance: 0.2986 + J  0.1903  Ohms/1000 m         3.47 + J    2.21  PU 

 

 CBL-0061      BUS-0307        BUS-0021         2    415    5.0 METER     150     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1529 + J  0.0751  Ohms/1000 m       0.2219 + J  0.1090  PU 

               Z0   Impedance: 0.2428 + J  0.1909  Ohms/1000 m       0.3524 + J  0.2771  PU 

 

 CBL-0062      DIGESTER AUX S  BUS-0065         4    415  125.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0597 + J  0.0738  Ohms/1000 m         1.08 + J    1.34  PU 

               Z0   Impedance: 0.0948 + J  0.1877  Ohms/1000 m         1.72 + J    3.41  PU 

 

 CBL-0063      BUS-0313        DIGESTER AUX S   4    415   35.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0597 + J  0.0738  Ohms/1000 m       0.3033 + J  0.3749  PU 

               Z0   Impedance: 0.0948 + J  0.1877  Ohms/1000 m       0.4816 + J  0.9536  PU 

 

 CBL-0064      BUS-0319        ENGINES AUX      4    415   35.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0597 + J  0.0738  Ohms/1000 m       0.3033 + J  0.3749  PU 

               Z0   Impedance: 0.0948 + J  0.1877  Ohms/1000 m       0.4816 + J  0.9536  PU 

 

 CBL-0065      ENGINES AUX     BUS-0321         4    415  125.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0597 + J  0.0738  Ohms/1000 m         1.08 + J    1.34  PU 

               Z0   Impedance: 0.0948 + J  0.1877  Ohms/1000 m         1.72 + J    3.41  PU 

 

 CBL-0066      DIGESTER AUX S  BUS-0320         4    415  125.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0597 + J  0.0738  Ohms/1000 m         1.08 + J    1.34  PU 

               Z0   Impedance: 0.0948 + J  0.1877  Ohms/1000 m         1.72 + J    3.41  PU 
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 CBL-0067      BUS-0326        BLOWERS AUX      4    415   35.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0597 + J  0.0738  Ohms/1000 m       0.3033 + J  0.3749  PU 

               Z0   Impedance: 0.0948 + J  0.1877  Ohms/1000 m       0.4816 + J  0.9536  PU 

 

 CBL-0068      BUS-0340        BUS-0015         1    415    8.0 METER     240     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0935 + J  0.0741  Ohms/1000 m       0.4343 + J  0.3442  PU 

               Z0   Impedance: 0.1486 + J  0.1886  Ohms/1000 m       0.6903 + J  0.8761  PU 

 

 CBL-0069      BUS-0344        BUS-0056         2    415   65.0 METER     630   Aluminum 

               Duct Material: Non-Magnetic     Insulation Type:       XLP1     Insulation Class:            

               +/-  Impedance: 0.0601 + J  0.0766  Ohms/1000 m         1.13 + J    1.45  PU 

               Z0   Impedance: 0.0956 + J  0.1949  Ohms/1000 m         1.80 + J    3.68  PU 

 

 CBL-0070      BUS-0345        BUS-0053         2    415   65.0 METER     630   Aluminum 

               Duct Material: Non-Magnetic     Insulation Type:       XLP1     Insulation Class:            

               +/-  Impedance: 0.0601 + J  0.0766  Ohms/1000 m         1.13 + J    1.45  PU 

               Z0   Impedance: 0.0956 + J  0.1949  Ohms/1000 m         1.80 + J    3.68  PU 

 

 CITRIC ACID TARO SWBD         BUS-0123         1    415   30.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        14.25 + J    1.43  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        22.65 + J    3.65  PU 

 

 CN1 BACK DRIVEBUS-0031        BUS-0222         1    415   25.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       128.47 + J    1.51  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       204.23 + J    3.84  PU 

 

 CN1 MAIN DRIVEBUS-0220        BUS-0221         1    415   25.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1880 + J  0.0748  Ohms/1000 m         2.73 + J    1.09  PU 

               Z0   Impedance: 0.2986 + J  0.1903  Ohms/1000 m         4.33 + J    2.76  PU 

 

 CN1 POLY DOSINBUS-0225        BUS-0226         1    415   15.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m        48.86 + J  0.8971  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m        77.68 + J    2.28  PU 

 

 CN1 SLUDGE PUMBUS-0223        BUS-0224         1    415   15.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        19.42 + J  0.8004  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        30.87 + J    2.03  PU 
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 CN2 BACK DRIVEBUS-0031        BUS-0229         1    415   25.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       128.47 + J    1.51  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       204.23 + J    3.84  PU 

 

 CN2 MAIN DRIVEBUS-0227        BUS-0228         1    415   25.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1880 + J  0.0748  Ohms/1000 m         2.73 + J    1.09  PU 

               Z0   Impedance: 0.2986 + J  0.1903  Ohms/1000 m         4.33 + J    2.76  PU 

 

 CN2 POLY DOSINBUS-0234        BUS-0235         1    415   15.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m        48.86 + J  0.8971  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m        77.68 + J    2.28  PU 

 

 CN2 SLUDGE PUMBUS-0232        BUS-0233         1    415   15.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        19.42 + J  0.8004  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        30.87 + J    2.03  PU 

 

 COMPRESSOR1 PARO SWBD         BUS-0125         1    415   30.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        14.25 + J    1.43  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        22.65 + J    3.65  PU 

 

 COMPRESSOR2 PARO SWBD         BUS-0126         1    415   30.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        14.25 + J    1.43  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        22.65 + J    3.65  PU 

 

 COOLING FAN-P0GAS COMP MCC    BUS-0343         1    415   12.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m        61.66 + J  0.7246  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m        98.03 + J    1.84  PU 

 

 CP-01 COMP-DIGBUS-0065        BUS-0247         1    415   35.0 METER     120     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1880 + J  0.0748  Ohms/1000 m         3.82 + J    1.52  PU 

               Z0   Impedance: 0.2986 + J  0.1903  Ohms/1000 m         6.07 + J    3.87  PU 

 

 DAF1&2-P01    DAF AREA DB     DAF 1&2          1    415    6.0 METER     240     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0935 + J  0.0741  Ohms/1000 m       0.3257 + J  0.2582  PU 

               Z0   Impedance: 0.1486 + J  0.1886  Ohms/1000 m       0.5177 + J  0.6570  PU 
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 DAF 3&4-P01   DAF AREA DB     DAF 3&4          1    415   50.0 METER     240     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0935 + J  0.0741  Ohms/1000 m         2.71 + J    2.15  PU 

               Z0   Impedance: 0.1486 + J  0.1886  Ohms/1000 m         4.31 + J    5.48  PU 

 

 DAF 3&4-P04   DAF AREA DB     BUS-0369         1    415   50.0 METER      50     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.4721 + J  0.0804  Ohms/1000 m        13.71 + J    2.33  PU 

               Z0   Impedance: 0.7503 + J  0.2044  Ohms/1000 m        21.78 + J    5.93  PU 

 

 DAF 3&4-SLUDGEDAF 3&4         BUS-0257         1    415   28.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m        91.21 + J    1.67  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       145.00 + J    4.26  PU 

 

 DAF TANK3 SKIMDAF 3&4         BUS-0255         1    415   18.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m        92.50 + J    1.09  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       147.05 + J    2.76  PU 

 

 DOSING PUMPS CRO SWBD         DOSING PUMPS C   1    415    8.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m         3.80 + J  0.3823  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m         6.04 + J  0.9722  PU 
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 FDR 14        Main Sub S1C    11kV Main SWBD   1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 21        S5-PRIM RMU1    S7-RAS           1  11000  310.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0604 + J  0.0201  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0961 + J  0.0511  PU 

 

 FDR 22        S5-PRIM RMU1    BUS-0052         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 23        S5-PRIM RMU2    S5-PRIM RMU1     1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 24        S5-PRIM RMU2    BUS-0055         1  11000  210.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0409 + J  0.0136  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0651 + J  0.0346  PU 

 

 FDR 25        Main Sub S1A    S5-PRIM RMU2     1  11000  150.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0292 + J  0.0097  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0465 + J  0.0247  PU 

 

 FDR 26        BUS-0058        Main Sub S1A     1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 27        BUS-0061        Main Sub S1B     1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 28        BUS-0064        Main Sub S1C     1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 
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 FDR 31        S3-RMU2         S11-BP RO PLNT   1  11000  300.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0585 + J  0.0194  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0930 + J  0.0495  PU 

 

 FDR 34        S7-RAS          BUS-0049         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 35        S7-RAS          S10-NIT RMVL     1  11000   70.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0136 + J  0.0045  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0217 + J  0.0115  PU 

 

 FDR 36        S10-NIT RMVL    BUS-0046         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 37        S10-NIT RMVL    S9-NIT RMVL      1  11000   50.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0097 + J  0.0032  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0155 + J  0.0082  PU 

 

 FDR 38        S9-NIT RMVL     BUS-0043         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 42        S11-BP RO PLNT  BUS-0040         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 FDR 43        S11-BP RO PLNT  BUS-0039         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 Feeder 10     11kV Main SWBD  S4-Gas Comp.     1  11000  210.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0409 + J  0.0136  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0651 + J  0.0346  PU 
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                                           FEEDER  INPUT  DATA    

 

====================================================================================================== 

 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 Feeder 11     11kV Main SWBD  T1 Prim.         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 Feeder 13     11kV Main SWBD  T2 Prim.         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 Feeder 15     S4-Gas Comp.    BUS-0014         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 Feeder 16     S4-Gas Comp.    S6 DAF BLD.      1  11000  280.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0546 + J  0.0181  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0868 + J  0.0462  PU 

 

 Feeder 17     S2 ADMIN.       BUS-0020         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 Feeder 18     S8-NIT RMVL     S3-RMU1          1  11000  185.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0361 + J  0.0120  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0573 + J  0.0305  PU 

 

 Feeder 19     S3-RMU1         BUS-0027         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 Feeder 30     S3-RMU2         BUS-0030         1  11000  450.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0877 + J  0.0292  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.1395 + J  0.0742  PU 

 

 Feeder 32     S6 DAF BLD.     BUS-0017         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 
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 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 Feeder 33     S6 DAF BLD.     S2 ADMIN.        1  11000  210.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0409 + J  0.0136  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0651 + J  0.0346  PU 

 

 Feeder 39     S8-NIT RMVL     BUS-0023         1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 Feeder 40     S2 ADMIN.       S8-NIT RMVL      1  11000   45.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0088 + J  0.0029  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0139 + J  0.0074  PU 

 

 FEED PU1-P01  DAF 3&4         BUS-0253         1    415   18.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m        92.50 + J    1.09  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       147.05 + J    2.76  PU 

 

 FEED PU2-P01  DAF 3&4         BUS-0259         1    415   18.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m        92.50 + J    1.09  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       147.05 + J    2.76  PU 

 

 FLUSHING PUMP1RO SWBD         BUS-0088         1    415   25.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        11.87 + J    1.19  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        18.87 + J    3.04  PU 

 

 FLUSHING PUMP2RO SWBD         BUS-0092         1    415   25.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        11.87 + J    1.19  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        18.87 + J    3.04  PU 

 

 FST10-SR10-P01BUS-0271        BUS-0213         1    415  120.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m       390.90 + J    7.18  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       621.44 + J   18.24  PU 

 

 FST9-SR9-P01  BUS-0270        BUS-0137         1    415  120.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m       390.90 + J    7.18  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       621.44 + J   18.24  PU 
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 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 GAS COMP1-P01 GAS COMP MCC    BUS-0341         1    415   10.0 METER      50     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.4721 + J  0.0804  Ohms/1000 m         2.74 + J  0.4668  PU 

               Z0   Impedance: 0.7503 + J  0.2044  Ohms/1000 m         4.36 + J    1.19  PU 

 

 GAS COMP DIST BUS-0015        GAS COMP MCC     1    415    4.0 METER     240     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0935 + J  0.0741  Ohms/1000 m       0.2172 + J  0.1721  PU 

               Z0   Impedance: 0.1486 + J  0.1886  Ohms/1000 m       0.3451 + J  0.4380  PU 

 

 GAS COMP L&P DBUS-0015        L&P DB BUS       1    415    4.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m         1.90 + J  0.1911  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m         3.02 + J  0.4861  PU 

 

 Gen1 CBL      3.3kV Bus SEC   Gen1 BUS         1   3300   30.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.0617 + J  0.0617  Ohms/1000 m       0.0170 + J  0.0170  PU 

               Z0   Impedance: 0.0981 + J  0.1568  Ohms/1000 m       0.0270 + J  0.0432  PU 

 

 Gen2 CBL      3.3kV Bus 2     Gen2 BUS         1   3300   30.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.0617 + J  0.0617  Ohms/1000 m       0.0170 + J  0.0170  PU 

               Z0   Impedance: 0.0981 + J  0.1568  Ohms/1000 m       0.0270 + J  0.0432  PU 

 

 INFLOW TRANSFERO SWBD         BUS-0124         1    415   30.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        14.25 + J    1.43  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        22.65 + J    3.65  PU 

 

 Mains Cable   POLE #          SP040 - MAIN S   1    415    8.0 METER      50     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.4721 + J  0.0804  Ohms/1000 m         2.19 + J  0.3735  PU 

               Z0   Impedance: 0.7503 + J  0.2044  Ohms/1000 m         3.49 + J  0.9495  PU 

 

 MF CIP PUMP-P1RO SWBD         BUS-0128         1    415   30.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m        65.32 + J    1.70  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       103.85 + J    4.33  PU 

 

 MF CIP TANK HERO SWBD         BUS-0094         1    415   25.0 METER      35     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.6371 + J  0.0804  Ohms/1000 m         9.25 + J    1.17  PU 

               Z0   Impedance:   1.01 + J  0.2044  Ohms/1000 m        14.70 + J    2.97  PU 
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 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 MF FEED PUMP1-RO SWBD         BUS-0107         1    415   10.0 METER      70     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.3271 + J  0.0778  Ohms/1000 m         1.90 + J  0.4517  PU 

               Z0   Impedance: 0.5200 + J  0.1978  Ohms/1000 m         3.02 + J    1.15  PU 

 

 MF FEED PUMP1-BUS-0108        BUS-0109         1    415   20.0 METER      70     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.3271 + J  0.0778  Ohms/1000 m         3.80 + J  0.9035  PU 

               Z0   Impedance: 0.5200 + J  0.1978  Ohms/1000 m         6.04 + J    2.30  PU 

 

 MF FEED PUMP2-RO SWBD         BUS-0110         1    415   10.0 METER      70     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.3271 + J  0.0778  Ohms/1000 m         1.90 + J  0.4517  PU 

               Z0   Impedance: 0.5200 + J  0.1978  Ohms/1000 m         3.02 + J    1.15  PU 

 

 MF FEED PUMP2-BUS-0111        BUS-0112         1    415   25.0 METER      70     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.3271 + J  0.0778  Ohms/1000 m         4.75 + J    1.13  PU 

               Z0   Impedance: 0.5200 + J  0.1978  Ohms/1000 m         7.55 + J    2.87  PU 

 

 Misc. Cable2  SP040 - MAIN S  ESS SERV. DB.    1    415    1.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m       0.4749 + J  0.0478  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m       0.7549 + J  0.1215  PU 

 

 MX001-BR1-P01 BUS-0024        BUS-0148         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 

 

 MX001-BR1-P03 BUS-0044        BUS-0182         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 

 

 MX001-BR1-P04 BUS-0047        BUS-0198         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 

 

 MX022-BR1-P01 BUS-0024        BUS-0151         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 
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 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 MX022-BR1-P03 BUS-0044        BUS-0184         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 

 

 MX022-BR1-P04 BUS-0047        BUS-0200         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 

 

 MX023-BR1-P01 BUS-0024        BUS-0154         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 

 

 MX023-BR1-P03 BUS-0044        BUS-0187         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 

 

 MX023-BR1-P04 BUS-0047        BUS-0203         1    415  110.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       565.25 + J    6.64  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       898.62 + J   16.89  PU 

 

 NaOCI MF FEED BUS-0131        BUS-0132         1    415   20.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m         9.50 + J  0.9557  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        15.10 + J    2.43  PU 

 

 NaOCI MF REV FBUS-0133        BUS-0134         1    415   20.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m         9.50 + J  0.9557  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        15.10 + J    2.43  PU 

 

 NaOCI TRANSFERRO SWBD         BUS-0138         1    415   30.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m        97.72 + J    1.79  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       155.36 + J    4.56  PU 

 

 NaOH DOSING PUBUS-0129        BUS-0130         1    415   20.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m         9.50 + J  0.9557  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        15.10 + J    2.43  PU 
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 NaOH TRANSFER RO SWBD         BUS-0135         1    415   30.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m        97.72 + J    1.79  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       155.36 + J    4.56  PU 

 

 NEW RST-P01   DAF AREA DB     BUS-0367         1    415   50.0 METER     240     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.0935 + J  0.0741  Ohms/1000 m         2.71 + J    2.15  PU 

               Z0   Impedance: 0.1486 + J  0.1886  Ohms/1000 m         4.31 + J    5.48  PU 

 

 OLD RST-P01   DAF AREA DB     BUS-0368         1    415   50.0 METER      50     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.4721 + J  0.0804  Ohms/1000 m        13.71 + J    2.33  PU 

               Z0   Impedance: 0.7503 + J  0.2044  Ohms/1000 m        21.78 + J    5.93  PU 

 

 OUTLET VALVE RBUS-0050        BUS-0214         1    415   25.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        11.87 + J    1.19  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        18.87 + J    3.04  PU 

 

 -P01          BUS-0056        RAW SEWAGE SCR   1    415   13.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.2431 + J  0.0771  Ohms/1000 m         1.83 + J  0.5820  PU 

               Z0   Impedance: 0.3865 + J  0.1959  Ohms/1000 m         2.92 + J    1.48  PU 

 

 -P02          BUS-0056        PRIMARY SEDM T   1    415   70.0 METER     185     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1240 + J  0.0748  Ohms/1000 m         5.04 + J    3.04  PU 

               Z0   Impedance: 0.1969 + J  0.1903  Ohms/1000 m         8.00 + J    7.73  PU 

 

 -P03          BUS-0056        GALLERY AERATI   1    415  125.0 METER     500   Aluminum 

               Duct Material: Non-Magnetic     Insulation Type:                Insulation Class:       

THWN 

               +/-  Impedance: 0.0605 + J  0.1801  Ohms/1000 m         4.39 + J   13.07  PU 

               Z0   Impedance: 0.0962 + J  0.4582  Ohms/1000 m         6.98 + J   33.26  PU 

 

 -P04          BUS-0053        RAW SEWAGE SCR   1    415   13.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.2431 + J  0.0771  Ohms/1000 m         1.83 + J  0.5820  PU 

               Z0   Impedance: 0.3865 + J  0.1959  Ohms/1000 m         2.92 + J    1.48  PU 

 

 -P05          BUS-0053        PRIMARY SEDM T   2    415  120.0 METER      50     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.4721 + J  0.0804  Ohms/1000 m        16.45 + J    2.80  PU 

               Z0   Impedance: 0.7503 + J  0.2044  Ohms/1000 m        26.14 + J    7.12  PU 
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                                           FEEDER  INPUT  DATA    

 

====================================================================================================== 

 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 -P06          PRIMARY SEDM T  BUS-0338         1    415  130.0 METER      35     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.6371 + J  0.0804  Ohms/1000 m        48.09 + J    6.07  PU 

               Z0   Impedance:   1.01 + J  0.2044  Ohms/1000 m        76.45 + J   15.43  PU 

 

 POLY DOSING PUDAF 3&4         BUS-0261         1    415   18.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m        92.50 + J    1.09  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       147.05 + J    2.76  PU 

 

 PRODUCT WATER RO SWBD         BUS-0093         1    415   25.0 METER      50     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.4721 + J  0.0804  Ohms/1000 m         6.85 + J    1.17  PU 

               Z0   Impedance: 0.7503 + J  0.2044  Ohms/1000 m        10.89 + J    2.97  PU 

 

 PRODUCT WATER RO SWBD         BUS-0089         1    415   25.0 METER      50     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.4721 + J  0.0804  Ohms/1000 m         6.85 + J    1.17  PU 

               Z0   Impedance: 0.7503 + J  0.2044  Ohms/1000 m        10.89 + J    2.97  PU 

 

 PU001 BR1-P01 BUS-0146        BUS-0147         1    415  110.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m       142.43 + J    5.87  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m       226.41 + J   14.92  PU 

 

 PU001 BR1-P03 BUS-0180        BUS-0181         1    415  110.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m       142.43 + J    5.87  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m       226.41 + J   14.92  PU 

 

 PU001 BR1-P04 BUS-0196        BUS-0197         1    415  110.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m       142.43 + J    5.87  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m       226.41 + J   14.92  PU 

 

 PU001W1A-P01  BUS-0024        BUS-0162         1    415  110.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m       239.51 + J    6.25  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       380.77 + J   15.88  PU 

 

 PU001W1A-P03  BUS-0044        BUS-0195         1    415  110.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m       239.51 + J    6.25  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       380.77 + J   15.88  PU 
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 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 PU001W1A-P04  BUS-0047        BUS-0211         1    415  110.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m       239.51 + J    6.25  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       380.77 + J   15.88  PU 

 

 PU002 BR2-P02 BUS-0158        BUS-0159         1    415  110.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m       239.51 + J    6.25  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       380.77 + J   15.88  PU 

 

 PU002 BR2-P04 BUS-0191        BUS-0192         1    415  110.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m       239.51 + J    6.25  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       380.77 + J   15.88  PU 

 

 PU002 BR2-P05 BUS-0207        BUS-0208         1    415  110.0 METER       6     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   3.75 + J  0.0978  Ohms/1000 m       239.51 + J    6.25  PU 

               Z0   Impedance:   5.96 + J  0.2487  Ohms/1000 m       380.77 + J   15.88  PU 

 

 RAS PUMP4-P1  BUS-0268        BUS-0136         1    415   20.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        25.90 + J    1.07  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        41.17 + J    2.71  PU 

 

 RAS PUMP5-P1  BUS-0269        BUS-0212         1    415   20.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        25.90 + J    1.07  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        41.17 + J    2.71  PU 

 

 RAW SLUDGE PUMPRIMARY SEDM T  BUS-0336         1    415    8.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        10.36 + J  0.4269  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        16.47 + J    1.09  PU 

 

 RECIRC WATER PGAS COMP MCC    BUS-0342         1    415   12.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m        61.66 + J  0.7246  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m        98.03 + J    1.84  PU 

 

 RECYCLE PU1-P0DAF 3&4         BUS-0347         1    415   38.0 METER      35     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.6371 + J  0.0804  Ohms/1000 m        14.06 + J    1.77  PU 

               Z0   Impedance:   1.01 + J  0.2044  Ohms/1000 m        22.35 + J    4.51  PU 
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====================================================================================================== 

 CABLE         FEEDER FROM     FEEDER TO       QTY  VOLTS   LENGTH            FEEDER  

 NAME          NAME            NAME            /PH  L-L                   SIZE       TYPE  

 

====================================================================================================== 

 REVERSE FILT PRO SWBD         BUS-0116         1    415   10.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m         4.75 + J  0.4779  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m         7.55 + J    1.22  PU 

 

 REVERSE FILT PBUS-0117        BUS-0118         1    415   20.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m         9.50 + J  0.9557  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        15.10 + J    2.43  PU 

 

 RMU2 FDR      S3-RMU1         S3-RMU2          1  11000   10.0 METER      95     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.2359 + J  0.0784  Ohms/1000 m       0.0019 + J 0.00065  PU 

               Z0   Impedance: 0.3750 + J  0.1995  Ohms/1000 m       0.0031 + J  0.0016  PU 

 

 ROCIP PUMP-P2 RO SWBD         BUS-0139         1    415   30.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        14.25 + J    1.43  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        22.65 + J    3.65  PU 

 

 RO CIP TANK HERO SWBD         BUS-0122         1    415   25.0 METER      35     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.6371 + J  0.0804  Ohms/1000 m         9.25 + J    1.17  PU 

               Z0   Impedance:   1.01 + J  0.2044  Ohms/1000 m        14.70 + J    2.97  PU 

 

 RO FEED Pump1-RO SWBD         BUS-0095         1    415    9.0 METER     150     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1529 + J  0.0751  Ohms/1000 m       0.7990 + J  0.3925  PU 

               Z0   Impedance: 0.2428 + J  0.1909  Ohms/1000 m         1.27 + J  0.9976  PU 

 

 RO FEED Pump1-BUS-0096        BUS-0097         1    415   20.0 METER     150     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1529 + J  0.0751  Ohms/1000 m         1.78 + J  0.8721  PU 

               Z0   Impedance: 0.2428 + J  0.1909  Ohms/1000 m         2.82 + J    2.22  PU 

 

 RO FEED Pump2-RO SWBD         BUS-0098         1    415    9.0 METER     150     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1529 + J  0.0751  Ohms/1000 m       0.7990 + J  0.3925  PU 

               Z0   Impedance: 0.2428 + J  0.1909  Ohms/1000 m         1.27 + J  0.9976  PU 

 

 RO FEED Pump2-BUS-0099        BUS-0100         1    415   20.0 METER     150     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1529 + J  0.0751  Ohms/1000 m         1.78 + J  0.8721  PU 

               Z0   Impedance: 0.2428 + J  0.1909  Ohms/1000 m         2.82 + J    2.22  PU 
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 RO FEED Pump3-RO SWBD         BUS-0101         1    415    9.0 METER     150     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1529 + J  0.0751  Ohms/1000 m       0.7990 + J  0.3925  PU 

               Z0   Impedance: 0.2428 + J  0.1909  Ohms/1000 m         1.27 + J  0.9976  PU 

 

 RO FEED Pump3-BUS-0102        BUS-0103         1    415   25.0 METER     150     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1529 + J  0.0751  Ohms/1000 m         2.22 + J    1.09  PU 

               Z0   Impedance: 0.2428 + J  0.1909  Ohms/1000 m         3.52 + J    2.77  PU 

 

 SGB1-P01      BUS-0244        BUS-0245         1    415   80.0 METER      16     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   1.40 + J  0.0869  Ohms/1000 m        65.03 + J    4.04  PU 

               Z0   Impedance:   2.23 + J  0.2211  Ohms/1000 m       103.37 + J   10.27  PU 

 

 SIDE SCRAPER5-PRIMARY SEDM T  BUS-0337         1    415    8.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m        26.06 + J  0.4784  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m        41.43 + J    1.22  PU 

 

 SLUDGE MUNCHERBUS-0031        BUS-0231         1    415   22.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m        71.66 + J    1.32  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       113.93 + J    3.34  PU 

 

 SNP1-P01      BUS-0065        BUS-0249         1    415   35.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        45.32 + J    1.87  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        72.04 + J    4.75  PU 

 

 SNP2-P01      BUS-0065        BUS-0250         1    415   35.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        45.32 + J    1.87  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        72.04 + J    4.75  PU 

 

 SRP1-P01      BUS-0065        BUS-0243         1    415   35.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        45.32 + J    1.87  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        72.04 + J    4.75  PU 

 

 SUBNATANT PU1-DAF 3&4         BUS-0348         1    415   32.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m       104.24 + J    1.91  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       165.72 + J    4.86  PU 
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 SUMP PUMP10-P0BUS-0050        BUS-0150         1    415   25.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        11.87 + J    1.19  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        18.87 + J    3.04  PU 

 

 SUMP PUMP9-P01BUS-0050        BUS-0144         1    415   25.0 METER      25     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.8179 + J  0.0823  Ohms/1000 m        11.87 + J    1.19  PU 

               Z0   Impedance:   1.30 + J  0.2093  Ohms/1000 m        18.87 + J    3.04  PU 

 

 SUMP PUMPS-P01SLUDGE LIFTER   BUS-0216         1    415   20.0 METER     185     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance: 0.1240 + J  0.0748  Ohms/1000 m         1.44 + J  0.8686  PU 

               Z0   Impedance: 0.1969 + J  0.1903  Ohms/1000 m         2.29 + J    2.21  PU 

 

 T1-BUS SEC A  BUS-0140        3.3kV Bus SEC    1   3300   25.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.0617 + J  0.0617  Ohms/1000 m       0.0142 + J  0.0142  PU 

               Z0   Impedance: 0.0981 + J  0.1568  Ohms/1000 m       0.0225 + J  0.0360  PU 

 

 T2-BUS SEC B  BUS-0141        3.3kV Bus 2      1   3300   20.0 METER     400     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PLC     Insulation Class:            

               +/-  Impedance: 0.0617 + J  0.0617  Ohms/1000 m       0.0113 + J  0.0113  PU 

               Z0   Impedance: 0.0981 + J  0.1568  Ohms/1000 m       0.0180 + J  0.0288  PU 

 

 TWAS PU1-P01  DAF 1&2         BUS-0218         1    415   60.0 METER     2.5     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   8.85 + J  0.1040  Ohms/1000 m       308.32 + J    3.62  PU 

               Z0   Impedance:  14.07 + J  0.2644  Ohms/1000 m       490.16 + J    9.21  PU 

 

 WASH WATER TRARO SWBD         BUS-0090         1    415   25.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        32.37 + J    1.33  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        51.46 + J    3.39  PU 

 

 WASH WATER TRARO SWBD         BUS-0091         1    415   25.0 METER      10     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   2.23 + J  0.0919  Ohms/1000 m        32.37 + J    1.33  PU 

               Z0   Impedance:   3.54 + J  0.2336  Ohms/1000 m        51.46 + J    3.39  PU 

 

 WAS PU1-P01   DAF 1&2         BUS-0251         1    415   45.0 METER       4     Copper 

               Duct Material: Non-Magnetic     Insulation Type:        PVC     Insulation Class:            

               +/-  Impedance:   5.61 + J  0.1030  Ohms/1000 m       146.59 + J    2.69  PU 

               Z0   Impedance:   8.92 + J  0.2618  Ohms/1000 m       233.04 + J    6.84  PU 
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                             EQUIVALENT  PI  DATA         

 ============================================================================================= 

  PI NAME       FROM NAME      TO  NAME       VOLTS     

 ============================================================================================= 

 PI-0003         BUS-0324       BUS-0321       415.00 

                 Pos. Seq.  Z:   0.0100+J  0.0100 PU ;   Zero Seq.  Z:   0.0100+J  0.0100 PU    

                 From Shunt Y:  0.00000+J 0.00000 PU ;   To Shunt   Y:  0.00000+J 0.00000 PU  

 

  

 

                            TRANSFORMER  INPUT  DATA 

 ============================================================================================= 

 TRANSFORMER    PRIMARY RECORD      VOLTS   * SECONDARY RECORD    VOLTS   FULL-LOAD    NOMINAL 

 NAME           NO NAME             L-L       NO NAME             L-L     KVA          KVA    

 ============================================================================================= 

 200 kVA TX -SG BUS-0025       D  11000.0   POLE #         YG    415.00  200.00       200.00 

                Pos. Seq. Z%:     1.38 + J   3.75    (Zpu   6.90 + j  18.75 )    Shell Type 

                Zero Seq. Z%:     1.15 + J   3.83    (Sec   5.75 + j  19.16 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 AUX T3         BUS-0058       D  11000.0   BUS-0326       YG    415.00  750.00       750.00 

                Pos. Seq. Z%:     1.27 + J   4.32    (Zpu   1.70 + j   5.75 )    Shell Type 

                Zero Seq. Z%:     1.12 + J   6.91    (Sec   1.49 + j   9.21 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 AUX T4         BUS-0061       D  11000.0   BUS-0319       YG    415.00  750.00       750.00 

                Pos. Seq. Z%:     1.27 + J   4.32    (Zpu   1.70 + j   5.75 )    Shell Type 

                Zero Seq. Z%:     1.12 + J   6.91    (Sec   1.49 + j   9.21 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 AUX T5         BUS-0064       D  11000.0   BUS-0313       YG    415.00  750.00       750.00 

                Pos. Seq. Z%:     1.27 + J   4.32    (Zpu   1.70 + j   5.75 )    Shell Type 

                Zero Seq. Z%:     1.12 + J   6.91    (Sec   1.49 + j   9.21 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 T/Former No.1  T1 Prim.       D  11000.0   BUS-0140       YG   3300.00 3000.00      3000.00 

                Pos. Seq. Z%:     1.04 + J   6.92    (Zpu  0.346 + j   2.31 )    Shell Type 

                Zero Seq. Z%:     1.04 + J   6.92    (Sec  275.8 + j   2.31 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 Secondary Neutral Z:    10.00 + J  0.000 Ohms 

 

 T/Former No.2  T2 Prim.       D  11000.0   BUS-0141       YG   3300.00 3000.00      3000.00 

                Pos. Seq. Z%:     1.04 + J   6.92    (Zpu  0.346 + j   2.31 )    Shell Type 

                Zero Seq. Z%:     1.04 + J   6.92    (Sec  275.8 + j   2.31 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 Secondary Neutral Z:    10.00 + J  0.000 Ohms 
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                            TRANSFORMER  INPUT  DATA 

 ============================================================================================= 

 TRANSFORMER    PRIMARY RECORD      VOLTS   * SECONDARY RECORD    VOLTS   FULL-LOAD    NOMINAL 

 NAME           NO NAME             L-L       NO NAME             L-L     KVA          KVA    

 ============================================================================================= 

 XF2-0003       BUS-0014       D  11000.0   BUS-0340       YG    415.00  500.00       500.00 

                Pos. Seq. Z%:     1.45 + J   4.16    (Zpu   2.90 + j   8.33 )    Shell Type 

                Zero Seq. Z%:     2.90 + J   7.04    (Sec   5.80 + j  14.08 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0004       BUS-0017       D  11000.0   BUS-0142       YG    415.00  500.00       500.00 

                Pos. Seq. Z%:     1.45 + J   4.16    (Zpu   2.90 + j   8.33 )    Shell Type 

                Zero Seq. Z%:     2.90 + J   7.04    (Sec   5.80 + j  14.08 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0005       BUS-0020       D  11000.0   BUS-0307       YG    415.00  500.00       500.00 

                Pos. Seq. Z%:     1.45 + J   4.16    (Zpu   2.90 + j   8.33 )    Shell Type 

                Zero Seq. Z%:     2.90 + J   7.04    (Sec   5.80 + j  14.08 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0006       BUS-0023       D  11000.0   BUS-0179       YG    415.00  300.00       300.00 

                Pos. Seq. Z%:     1.24 + J   3.80    (Zpu   4.13 + j  12.68 )    Shell Type 

                Zero Seq. Z%:     1.27 + J   4.32    (Sec   4.25 + j  14.39 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0007       BUS-0027       D  11000.0   SLUDGE LIFTER  YG    415.00  200.00       200.00 

                Pos. Seq. Z%:     1.38 + J   3.75    (Zpu   6.90 + j  18.75 )    Shell Type 

                Zero Seq. Z%:     1.15 + J   3.83    (Sec   5.75 + j  19.16 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0008       BUS-0030       D  11000.0   BUS-0282       YG    415.00  300.00       300.00 

                Pos. Seq. Z%:     1.24 + J   3.80    (Zpu   4.13 + j  12.68 )    Shell Type 

                Zero Seq. Z%:     1.27 + J   4.32    (Sec   4.25 + j  14.39 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 
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                            TRANSFORMER  INPUT  DATA 

 ============================================================================================= 

 TRANSFORMER    PRIMARY RECORD      VOLTS   * SECONDARY RECORD    VOLTS   FULL-LOAD    NOMINAL 

 NAME           NO NAME             L-L       NO NAME             L-L     KVA          KVA    

 ============================================================================================= 

 XF2-0011       BUS-0039       D  11000.0   BUS-0070       YG    415.00 1500.00      1500.00 

                Pos. Seq. Z%:     2.90 + J   7.04    (Zpu   1.93 + j   4.69 )    Shell Type 

                Zero Seq. Z%:    0.854 + J   7.08    (Sec  0.569 + j   4.72 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0012       BUS-0040       D  11000.0   BUS-0069       YG    415.00 1500.00      1500.00 

                Pos. Seq. Z%:     2.90 + J   7.04    (Zpu   1.93 + j   4.69 )    Shell Type 

                Zero Seq. Z%:    0.854 + J   7.08    (Sec  0.569 + j   4.72 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0013       BUS-0043       D  11000.0   BUS-0230       YG    415.00  300.00       300.00 

                Pos. Seq. Z%:     1.24 + J   3.80    (Zpu   4.13 + j  12.68 )    Shell Type 

                Zero Seq. Z%:     1.27 + J   4.32    (Sec   4.25 + j  14.39 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0014       BUS-0046       D  11000.0   BUS-0265       YG    415.00  300.00       300.00 

                Pos. Seq. Z%:     1.24 + J   3.80    (Zpu   4.13 + j  12.68 )    Shell Type 

                Zero Seq. Z%:     1.27 + J   4.32    (Sec   4.25 + j  14.39 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0015       BUS-0049       D  11000.0   BUS-0145       YG    415.00  300.00       300.00 

                Pos. Seq. Z%:     1.24 + J   3.80    (Zpu   4.13 + j  12.68 )    Shell Type 

                Zero Seq. Z%:     1.27 + J   4.32    (Sec   4.25 + j  14.39 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 XF2-0016       BUS-0052       D  11000.0   BUS-0345       YG    415.00  500.00       500.00 

                Pos. Seq. Z%:     1.45 + J   4.16    (Zpu   2.90 + j   8.33 )    Shell Type 

                Zero Seq. Z%:     2.90 + J   7.04    (Sec   5.80 + j  14.08 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

  



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 367 of 372 

    

 

                            TRANSFORMER  INPUT  DATA 

 ============================================================================================= 

 TRANSFORMER    PRIMARY RECORD      VOLTS   * SECONDARY RECORD    VOLTS   FULL-LOAD    NOMINAL 

 NAME           NO NAME             L-L       NO NAME             L-L     KVA          KVA    

 ============================================================================================= 

 XF2-0017       BUS-0055       D  11000.0   BUS-0344       YG    415.00  500.00       500.00 

                Pos. Seq. Z%:     1.45 + J   4.16    (Zpu   2.90 + j   8.33 )    Shell Type 

                Zero Seq. Z%:     2.90 + J   7.04    (Sec   5.80 + j  14.08 Pri  Open) 

                Taps  Pri. 0.000 %  Sec. 0.000 %  Phase Shift (Pri. Leading Sec.):  30.00 Deg. 

 

 

  

  

 

                             GENERATION  DATA 

 ------------------------------------------------------------------------------ 

 BUS NAME       GENERATION                VOLT    SIZE   InitKW  MaxKVAR   TYPE 

 ------------------------------------------------------------------------------ 

 11kV Bus 1     UTIL-OH FEEDER         1 pu                                  SB  

                Three Phase   Contribution: 6578.00 AMPS X/R :    1.86 

                Line to Earth Contribution: 1330.00 AMPS X/R :  0.2210 

                Pos  sequence impedance (100 MVA base) 0.3775 + J  0.7029 PU  

                Zero sequence impedance (100 MVA base)  10.81 + J    1.15 PU  

 

 BUS-0025       Energex 11kV K         1 pu                                  SB  

                Three Phase   Contribution: 4895.00 AMPS X/R :    8.00 

                Line to Earth Contribution: 1461.00 AMPS X/R :    8.00 

                Pos  sequence impedance (100 MVA base) 0.1330 + J    1.06 PU  

                Zero sequence impedance (100 MVA base)   1.07 + J    8.57 PU  

 

 Gen1 BUS       3.3kV GEN1             1 pu 1737.00  KW 1737.00 0.00000      PQ  
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                              ENERGY  AUDIT  LOADS 

 ------------------------------------------------------------------------------ 

 BUS  NAME      LOAD NAME      VOLTS    SIZE        LOADTYPE    PF     LAG/LEAD 

 ------------------------------------------------------------------------------ 

 BLOWERS AUX    BLWR AUX SWB   415.00  30.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0021       RAS MCC & FST  415.00  70.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0021       ADMIN DB       415.00  16.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0021       SMALL L&P DB   415.00  10.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0024       FUNC UNITS LOA 415.00   4.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0031       SLUDGE DEWATER 415.00  10.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0044       FUN UNITS LOAD 415.00   4.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0047       FUNC UNITS LOA 415.00   4.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0050       L&P DB         415.00   3.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0053       OLD RAW SEWAGE 415.00  10.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0053       UNDER SCREEN A 415.00   2.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0056       L&P DB-PTA     415.00  10.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0056       GRIT DREDGER S 415.00   5.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0065       DIGEST DB      415.00   2.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0094       MF CIP TANK HE 415.00  45.00*1.00 KW    KVA   0.80         LAG 

 BUS-0122       RO CIP TANK HE 415.00  45.00*1.00 KW    KVA   0.80         LAG 

 BUS-0123       CITRIC ACID TA 415.00  45.00*1.00 KW    KVA   0.80         LAG 

 BUS-0127       AIR COND PANEL 415.00  45.00*1.00 KW    KVA   0.80         LAG 

 BUS-0324       DIGEST DB0     415.00   2.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0324       DB SECTION STA 415.00  30.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0368       OLD RST MCC    415.00  20.00*1.00 AMPS  KVA   0.80         LAG 

 BUS-0369       METHANOL DOSIN 415.00   5.00*1.00 AMPS  KVA   0.80         LAG 

 DAF 1&2        DAF 1&2 GENERA 415.00  15.00*1.00 AMPS  KVA   0.80         LAG 

 DAF 3&4        DAF 1&2 DB &GE 415.00  10.00*1.00 AMPS  KVA   0.80         LAG 

 GALLERY AERATI DB1            415.00  10.00*1.00 AMPS  KVA   0.80         LAG 

 GALLERY AERATI DB2            415.00  10.00*1.00 AMPS  KVA   0.80         LAG 

 L&P DB BUS     GAS COMP L&P D 415.00   6.00*1.00 AMPS  KVA   0.80         LAG 

 PRIMARY SEDM T PRIMARY SEDEME 415.00   5.00*1.00 AMPS  KVA   0.80         LAG 

 PRIMARY SEDM T VALVES         415.00   2.00*1.00 AMPS  KVA   0.80         LAG 

 PRIMARY SEDM T PRIMARY TANK S 415.00   5.00*1.00 AMPS  KVA   0.80         LAG 

 RO SWBD        MISC DB1A      415.00  40.00*1.00 AMPS  KVA   0.80         LAG 

 RO SWBD        DB1G           415.00  20.00*1.00 AMPS  KVA   0.80         LAG 

 SLUDGE LIFTER  Sludge Lifter  415.00   2.00*1.00 AMPS  KVA   0.80         LAG 
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                                MOTOR  LOAD  DATA 

 ------------------------------------------------------------------------------ 

 BUS  NAME         LOAD NAME       VOLT    SIZE     #    TYPE  EFF      PF   

 ------------------------------------------------------------------------------ 

 BLWR1 BUS         Blower No.1      3300    375.0*  1 KW  KVA 0.80  0.80 LAG 

 BLWR2 BUS         Blower No.2      3300    450.0*  1 KW  KVA 0.80  0.80 LAG 

 BLWR3 BUS         Blower No.3      3300    425.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0088          FLUSHING PUMP1    415     18.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0089          PRODUCT WATER     415     55.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0090          WASH WATER TRA    415      9.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0091          WASH WATER TRA    415      9.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0092          FLUSHING PUMP2    415     18.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0093          PRODUCT WATER     415     55.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0097          RO FEED Pump1     415    200.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0100          RO FEED Pump2     415    200.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0103          RO FEED Pump3     415    200.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0109          MF FEED PUMP1     415     90.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0112          MF FEED PUMP2     415     90.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0118          REVERSE FILT P    415     55.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0124          INFLOW TRANSFE    415      0.6*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0125          COMPRESSOR1 PA    415     30.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0126          COMPRESSOR2 PA    415     30.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0128          MF CIP PUMP       415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0130          NaOH DOSING PU    415      1.5*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0132          NaOCI MF FEED     415      1.5*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0134          NaOCI MF REV F    415      1.5*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0135          NaOH TRANSFER     415      0.6*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0136          RAS PUMP4         415     22.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0137          FST9 SCRAPER      415      0.6*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0138          NaOCI TRANSFER    415      0.6*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0139          ROCIP PUMP        415     22.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0144          SUMP PUMP9        415      1.1*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0147          PU001 BR1         415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0148          MX001-BR1         415      1.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0149          EQUALANT 18x1.    415     27.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0150          SUMP PUMP10       415      1.1*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0151          MX022-BR1         415      2.3*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0152          EQUALANT 2x2.3    415      2.3*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0153          EQUALANT 18x1.    415     27.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0154          MX022-BR2         415      4.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0155          EQUALANT 3x4kW    415     12.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0157          EQUALANT 2x15k    415     30.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0159          PU002 BR2         415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0161          EQ 2x15kW PU-B    415     30.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0162          PU001W1A          415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0181          PU001 BR3         415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0182          MX001-BR3         415      1.5*  1 KW  KVA 0.93  0.80 LAG 
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                                MOTOR  LOAD  DATA 

 ------------------------------------------------------------------------------ 

 BUS  NAME         LOAD NAME       VOLT    SIZE     #    TYPE  EFF      PF   

 ------------------------------------------------------------------------------ 

 BUS-0183          EQUALANT 18x1.    415     27.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0184          MX022-BR5         415      2.3*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0185          EQUALANT 2x2.3    415      2.3*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0186          EQUALANT 18x1.    415     27.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0187          MX022-BR6         415      4.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0188          EQUALANT 3x4kW    415     12.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0190          EQUALANT 2x15k    415     30.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0192          PU002 BR4         415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0194          EQ 2x15kW PU-B    415     30.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0195          PU001W1A1         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0197          PU001 BR4         415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0198          MX001-BR4         415      1.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0199          EQUALANT 18x1.    415     27.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0200          MX022-BR7         415      2.3*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0201          EQUALANT 2x2.3    415      2.3*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0202          EQUALANT 18x1.    415     27.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0203          MX022-BR8         415      4.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0204          EQUALANT 3x4kW    415     12.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0206          EQUALANT 2x15k    415     30.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0208          PU002 BR5         415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0210          EQ 2x15kW PU-B    415     30.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0211          PU001W1A2         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0212          RAS PUMP5         415     22.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0213          FST10-SRAPER10    415      0.6*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0214          OUTLET VALVE R    415      0.2*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0215          EQ 3xOUTLET VA    415      0.4*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0216          SUMP PUMP1        415     15.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0216          SUMP PUMP2        415     15.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0217          AFFL PU01         415     75.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0219          TWAS PU1          415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0221          CN1 MAIN DRIVE    415     90.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0222          CN1 BACK DRIVE    415     22.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0224          CN1 SLUDGE PUM    415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0226          CN1 POLY DOSIN    415      0.6*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0228          CN2 MAIN DRIVE    415     90.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0229          CN2 BACK DRIVE    415     22.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0231          SLUDGE MUNCHER    415      4.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0233          CN2 SLUDGE PUM    415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0235          CN2 POLY DOSIN    415      0.6*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0239          BFP3 AIR COMP     415      2.2*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0240          BFP3 CN COM CO    415      0.8*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0241          BFP3&CN FILT P    415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0242          BFP3&CN FILT P    415      7.5*  1 KW  KVA 0.93  0.80 LAG 

  



WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD.WATER SERVICES ENGINEERING (WSE) PTY. LTD. 

POWER SYSTEM ANALYSIS REPORT FOR:      

QUEENSLAND URBAN UTILITIES – LUGGAGE POINT STP  

 

Page 371 of 372 

   

 

  

  

 

 

                                MOTOR  LOAD  DATA 

 ------------------------------------------------------------------------------ 

 BUS  NAME         LOAD NAME       VOLT    SIZE     #    TYPE  EFF      PF   

 ------------------------------------------------------------------------------ 

 BUS-0243          SRP1 SLUDGE RE    415     11.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0245          SGB1 SLUDGE GA    415      5.5*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0246          EQ SRP2,3,4,5-    415     44.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0247          CP-01 COMP-DIG    415     75.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0248          EQ CP COMP-DIG    415    300.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0249          SNP1 SUPER NAT    415     11.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0250          SNP2 SUPER NAT    415     11.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0252          WAS PU1           415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0254          FEED PU1          415     11.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0256          DAF TANK3 SKIM    415      1.5*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0258          DAF 3&4-SLUDGE    415     15.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0260          FEED PU2          415     11.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0262          POLY DOSING PU    415      1.5*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0324          VENT FAN1         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          VENT FAN2         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          VENT FAN3         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          VENT FAN4         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          PRIMARY HOT WA    415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          PRIMARY HOT WA    415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          AIR COMP1         415     11.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          AIR COMP2         415     11.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          SEC HOT WATER-    415     15.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          SEC HOT WATER-    415     15.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          RAW WATER-PU1     415     30.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          RAW WATER-PU2     415     30.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          VENT FAN5         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          VENT FAN6         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          VENT FAN7         415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          PRIMARY HOT WA    415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          PRIMARY HOT WA    415      7.5*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          AIR COMP01        415     11.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          AIR COMP02        415     11.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          SEC HOT WATER-    415     15.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          SEC HOT WATER-    415     15.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          RAW WATER-PU01    415     30.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0324          RAW WATER-PU02    415     30.0*  1 KW  KVA 0.93  0.80 LAG 

 BUS-0336          RAW SLUDGE PUM    415     30.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0337          SIDE SCRAPER5     415      2.2*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0338          DRIVE MOTOR       415      0.4*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0338          GRITDREDGER MA    415      8.5*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0341          GAS COMP1         415     75.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0342          RECIRC WATER P    415      2.2*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0343          COOLING FAN       415      2.2*  1 KW  KVA 0.80  0.80 LAG 
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                                MOTOR  LOAD  DATA 

 ------------------------------------------------------------------------------ 

 BUS  NAME         LOAD NAME       VOLT    SIZE     #    TYPE  EFF      PF   

 ------------------------------------------------------------------------------ 

 BUS-0346          EQ DOL 35kW       415     35.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0347          RECYCLE PU1       415     55.0*  1 KW  KVA 0.80  0.80 LAG 

 BUS-0348          SUBNATANT PU1     415     22.0*  1 KW  KVA 0.80  0.80 LAG 

 PRIMARY SEDM T    RAW SLUDGE PU1    415     30.0*  1 KW  KVA 0.93  0.80 LAG 

 PRIMARY SEDM T    RAW SLUDGE PU2    415     30.0*  1 KW  KVA 0.93  0.80 LAG 

 PRIMARY SEDM T    SUMP PUMP         415      1.5*  1 KW  KVA 0.93  0.80 LAG 

 


