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Figure 1 Historical and forecast minimum system demand in Darwin-Katherine by season
vear (year ending 31 August), 2016-17 to 2031-32 [2]

B] 4-3 Historical and forecast minimum system demand in Darwin-
Katherine by seasonyear (year ending 31 August) > 2016-17 to
2031-32 [2]
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Figure 3: Spurious ROCOF relay operation during a unbalanced fault at POC
B] 4-5 Spurious ROCOF relay operation during a unbalanced fault at POC
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B] 4-6 Inertial response comparison of BESS against Frame 6B Generator

for overfrequency event (51 Hz)
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Figure 5: Inertial response comparison of BESS against Frame 6B Generator for under
frequency event (49 Hz)

B] 4-7 Inertial response comparison of BESS against Frame 6B Generator
for underfrequency event (49 Hz)
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B 4-8 Oscillatory (left) and stabilised after tuning (right) frequency
profile following a trip of a synchronous generator in the
network
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Figure 1: Overview of the system steup
Bl 4-9 Overview of the system steup
% 4-1 Main system parameters

Figure 1: Overview of the system steup

Parameters Value Unit
Nominal active/reactive power 900/370 [MW/MVar]
AC voltage onshore/offshore 400/66 [kV]
DC voltage + 320 [kV]

Table 1: Main system parameters
3.2 HVDC # 4 B 7 %2, = (Grid Forming)#+1
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B] 4-10 Basic GFM control concept
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Normal GF operation

Converter
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4 N GF equivalent electrical circuit diagram
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Figure 3: Electrical equivalent circuit diagram for GFM control

The terminal behavior differs between normal GF operation at nominal frequency, where the behavior is equal
to a voltage source behind an impedance, and the current limited operation for fast transients and high currents,
where the current controller is dominant. The frequency domain behavior (right circuit diagram) contains both
Jeatures simultaneously.

B] 4-11 Electrical equivalent circuit diagram for GFM control
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Figure 4: Influence of onshore voltage phase jump. Active power setpoint, P = 0.5 pu.

Bl 4-12 Influence of onshore voltage phase jump. Active power setpoint,
P=20.5pu
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Figure 5: Influence of onshore voltage phase jump. Active power setpoint, P = 1.0 pu.

Bl 4-13 Influence of onshore voltage phase jump. Active power setpoint,
P=1.0 pu
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Figure 6: Instantaneous voltage support (Active/reactive power @rated active/reactive power base) line color:
indicates different voltage drop cases and line style: indicates different signals.

B 4-14 Instantaneous voltage support (Active/reactive power @rated
active/reactive power base) line color:indicates different
voltage drop cases and line style: indicates different signals.
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Figure 6: Instantaneous voltage support (Active/reactive power @rated active/reactive power base) line color:
indicates different voltage drop cases and line style: indicates different signals.

Bl 4-15 Robustness against sudden grid strength changes: SCL change
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from 20 GVA to (1) 5 GVA, (2) 2 GVA, (3) 1 GVA and (4) 0.5 GVA.
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Figure 7: Response to a frequency ramp. Active power setpoint, P = 0.5 pu.
B] 4-16 Response to a frequency ramp. Active power setpoint, P = 0.5
pu.
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Figure 8: Response to a frequency ramp. Active power setpoint, P = 1.0 pu.

B] 4-17 Response to a frequency ramp. Active power setpoint, P = 1.0
pu.
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Figure 9: Robustness against sudden grid strength changes: SCL change from 20 GVA to (1) 5 GVA, (2) 2 GVA,
(3) 1 GVA and (4) 0.5 GVA.

Bl 4-18 Robustness against sudden grid strength changes: SCL change
from 20 GVA to (1) 5 GVA, (2) 2 GVA, (3) 1 GVA and (4) 0.5 GVA.
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Figure 10: Example performance during a solid left: three phase and right: signle phase fault (AC currents are
per unitized at converter secondary side peak current base).

Bl 4-19 Example performance during a solid left: three phase and right:
signle phase fault (AC currents areper unitized at converter

secondary side peak current base).
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Figure I — SLD showing the location of Orchard and Fern Rd STATCOM in 500kV Backbone system

Bl 4-20 Example performance during a solid left: three phase and right:
signle phase fault (AC currents areper unitized at converter
secondary side peak current base).
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% 4-2 Voltage Regulating Capability of the STATCOMs with one and two

blocks in service
Table I — Voltage Regulating Capability of the STATCOMs with one and two blocks in service

Orchard Substation Fern Road Substation
System SCL One block Both blocks One block Both blocks
(MVA) 424 Mvar 848 Mvar 264.5 Mvar 529 Mvar
Approximate Voltage Regulating Capability(%)
8000 5.3 10.6 3.3 6.6
16000 2.7 5.3 1.7 3.3
20000 2.1 4.2 1.3 2.6
24000 1.8 3.5 1.1 2.2
30000 1.4 2.8 0.9 1.8

Note : The normal range of SCL is between 20000 and 24000 MVA.
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# 4-3 Specified Ride-Through Requirements
Table II- Specified Ride-Through Requirements

(a) Overvoltage and undervoltage ride through (b) High and Low Frequency ride through

—OV-Withstand Rec wmmfault_Ride-through Reg. ==LV _Ridethrough Reg ———Freq-High =——Freq_Low
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Bl 4-21 V/Q characteristics for continuous voltage control and
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% 4-4 Operating points

Table Il Operating points

Points Q (pw) | Vprim (pu)
OP1 1.0 1.0
OP2 -1.0 1.0
OP 3 1.08 1.08
OP 4 0.946 0.946
OP 5 0.901 0.901
OP 6 -0.946 0.946
OoP7 0.0 1.0
OP 8 0.0 0.946
OP 8 0.0 1.10
OP 10 -1.08 1.08
OP 11 -1.158 1.158
OP 12 -1.20 1.20
OP 13 -1.30 1.30
ntrol and overload range
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Figure 3 — Effect of STATCOM Controller Gain and Control Mode (VCM vs. FOM) on the Impedance of STATCOM

B 4-22 Effect of STATCOM Controller Gain and Control Mode (VCM vs.
FQM) on the Impedance of STATCOM
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(a) Three Phase to Ground Fault (F1) on LINE1 at BUS1 (b)Single Phase to Ground Fault LINE2 at BUS1

Open breaker at BUST in 4 cycles after fault is applied, Open breaker at BUST in 4 cycles after fault is applied,
Open breaker at BUS2 in § cycles (CASEI) Open breaker at BUSS in § cycles (CASE2)
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Figure 5 — SSO Due to Faults with Normal Clearing Times(N-1 Cases)

B 4-24 SSO Due to Faults with Normal Clearing Times(N-1 Cases)
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B 4-26 SSO Due to Multiple Outages (Extreme Case)
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B 4-27 Effect of DC Offset at STATCOM High Voltage Bus
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