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The Thomson hydro plant, located at the Thomson dam site (on 
the Thomson river), comprises an 11 kV induction generator. 
It is connected to an SP AusNet 22 kV distribution feeder, via a 

22/ 11 kV, 7,8 MVA transformer. When the Melbourne Water Coopera-
tion’s (MWC) network agreement expired, the plant’s impact on the 
SP AusNet distribution network (based on the Victorian Electricity 
Distribution Code [1]) had to be reviewed.

Figure 1: Thomson hydro plant connection to SP AusNet Network.

The SP AusNet Distribution Code (version 4) [2] stipulates:
• Voltage variations: The level should be maintained at ±6% for a 

period of less than one minute under normal operation.
• Power Factor (PF): Maintain the PF at 0,9 for 50% load.
• Additional compliance: Other factors concerning reverse power 

flow, thermal elements of the plant and fault level limitations, 
were also outlined to MWC.

Study recommends solution

The study, conducted by Entura (Australian energy and water consult-
ants) evaluated the effect of Thomson’s 7,45 MW power generation 
on the SP AusNet network. It went on to recommend the use of a 
combined power quality solution, made up of the world’s fastest 
dynamic compensation systems, enabling MWC to comply with the 
distribution code. 

Full simulations included various possible scenarios during the 
plant’s operation, simultaneously evaluating the system’s perfor-
mance in comparison with other capacitor banks. Load flow analysis 
was performed for the expected maximum (7,45 MW), 50% of rated 
(3,15 MW) and 25% of rated (1,57%) of the Thomson hydro plant in 
order to identify voltage or reactive power control issues:

• Voltage variations: Different reactive support sizes were evaluated 
in order to find the optimum solution.

• Voltage drop during generator start-up: The current make-up of 
the site, its location and adopted solutions were analysed in full. 
Analysis was also based on the effects of generator start-up on 
different points over the entire network. MWC was particularly 
interested to reduce the expected voltage drop of 8,11% as a 
result of generator start-up tripping.

• Other elements: Due to the nature of the plant’s location with 
the network, and its operation, Thomson was able to meet the 
additional compliance as set out by SP AusNet.

Best operational outcome

The results of the EQ’s performance were compared with other sys-
tems under various circumstances:
• Steady state voltage variation: When the EQ system was con-

nected to the 11 kV Thomson generator during steady state, the 
maximum voltage variation of the connection point would range 
between 0,98 pu and 1,044 pu - proving to be the best perfor-
mance and well within the voltage limits given by the Victorian 
Electricity Distribution Code [1] of ±6%. When other generators 
down the line, such as the Blue Rock, were in service, the voltage 
rose approximately 1,3% in this area and 1,1% in the Thomson 
area – falling once again well within the code [1] guideline range.

• PF: Even without the use of the EQ-ST during generator start-up, 
the EQ’s PF of 0,89 would fall within the code [1] limits of 0,90. 
Although this is just slightly below the Code’s limitation, Entura 
felt that the EQ would still prove to give the best operational 
outcome to the SP AusNet distribution network.

Dual combination combating voltage drop during 
generator start-up

The start-up procedure of the Thomson hydro generator consists of 
running the generator to slightly above synchronous speed (~1,02 pu) 
and closing the generator circuit breaker. During the starting period, 
the generator is connected to the 11 kV transformer LV terminal 
through a 14,5 Ohm series reactor. This proposed solution was 
adopted in order to limit the voltage drop down the line. Two seconds 
after starting, the series reactor is bypassed and the generator is con-
nected directly to the 11 kV terminal of the transformer.

By Y Harary, Elspec

The installation of Equalizer (EQ) and Equalizer-ST (EQ-ST) systems at the Thomson Reservoir hydro plant in Melbourne, Australia, achieved 

the necessary reactive support and code compliance.

Quality of supply 
in a hydro plant



E+C  SPOT ON • August 2013

Parameter Network Code
Compliance

With Elspec Solution

Power Factor –
Use of EQ only

0,90 0,89

Voltage  
variations –  

use of EQ only

±6% 1,044 pu

Parameter Without Elspec  Solution With Elspec Solution

Voltage drop
During start-up

8,11% 2,37%

 
Table 1: Initial Entura study results – Thomson Hydro Plant.

The simulations run by Entura proved this solution to be unacceptable, 
as at least 5 – 6 MVAr reactive support will minimise the starting volt-
age drop to an acceptable limit – from 8,11% to 4,77%. Furthermore, 
the proposed generator start-up reactive support must be equipped 
with a fast switching control system in order to automatically switch 
off when the requirement of the generator drops off. Failure to do so 
within 20 msec could force 22 kV (voltage) to reach unacceptably high 
voltages, which would ultimately harm the network or customer’s 
equipment down the line.

Conclusion

Taking all of these factors into consideration, WTC adopted Entura’s 
recommendation and installed a combined solution. The combina-
tion consists of Elspec’s 1,1 MVAr EQ-ST system for the steady-state 
that will also compensate for any residuum reactive energy – and a 
5,4 MVAr EQ-ST system for the start-up of the plant’s generator. The 
response time of both units is typically one cycle. Both systems are 
operated based on reactive set point. If the generator reactive require-
ment is beyond reactive set point, then the unit starts compensating 
until reactive demand drops below 90% of the set point.

Therefore, the actual voltage response proved to be smoother 
and faster when compared to the initial results shown in the study 
(see Table 1). As the systems are equipped with detuned reactors, 
they provide protection on any harmonic oscillations, and therefore 
any harmonic resonances due to its use are unlikely.
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Thomson Hydro Plant.

Figure 2: Electrical diagram EQ-ST and EQ installation.

Figure 3: Generator starting voltage drop without Elspec solution.

Figure 4: Generator starting voltage drop with Espec solution.


