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1.0 Introduction 

1.1 Project Overview 

Eraring Energy is undertaking a major project which will upgrade the four existing 660 megawatt generators to a 
generating capacity of 750 megawatts per unit. The upgrade works are necessary to increase the performance 
level of the power station; improve load change rates; improve accuracy and response to the National Electricity 
Market; reduce forced outage rates; and improved automatic start-up and shutdown operations. Other benefits 
include reduced carbon dioxide and nitrogen oxide emissions, and reduced operation and maintenance costs. 

A range of physical works will be undertaken to facilitate the upgrade, with the construction and operation of a 
new cooling water attemperation reservoir - a key innovation to maintain acceptable temperatures in discharge 
waters and minimise impacts on the ecology of Myuna Bay. 

Four categories of impacts of cooling water on the ecology of Myuna Bay have been identified (during the 
environmental assessment phase), these are: 

1. Thermal Impacts; 

2. Flow Impacts; 

3. Industrial Process Pollutants (i.e. contaminants in water arising from the power plant); and 

4. Natural Process Pollutants (i.e. contaminants in water originating from outside the power plant). 

1.2 Project Approval  

Project Approval (No. 06_238) was issued by the Minister of Planning on the 26th June, 2008. Consent conditions 
relevant to the management of process water and the construction and operation of the attemperation reservoir, 
include: 

 Continued compliance with Environmental Protection Licence (EPL) 1429 conditions, which include: 

- The volume of water discharged back into the lake shall not exceed 11,000 megalitres (ML) per day  

(Condition No. 2.18); 

- The discharge temperature shall not exceed 35°C for more than 131 hours per annum; and 

- The discharge temperature shall never exceed 37.5°C (Condition No. 2.19). 

 A Thermal Load Strategy with the aim of minimising the duration and frequency of discharges to Myuna 
Bay in excess of 35°C (Condition No. 2.20); 

 An Aquatic Ecological Monitoring Program to monitor the impact of the reservoir on the health of Myuna 
Bay’s ecology (Condition No. 3.8); and  

 A Reservoir Management Plan to ensure that the reservoir is managed to minimise potential impacts on 
the surrounding environment (Condition No. 6.4).  

1.3 Aquatic Ecological Monitoring Program 

Preparation of the Aquatic Ecological Monitoring Program (this Program) has involved the following process to 
date: 

 Preparation of a preliminary program report outline, which formed  the basis for statutory consultation; 

 Consultation with the NSW Department of Environment, Climate Change and Water (DECCW) and the NSW 
Department of Industry and Investment (DII); and  

 Development of this Program as required by Consent Condition 3.8. 
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2.0 Attemperation Reservoir  

2.1 Overview 

The attemperation reservoir (the reservoir) has been designed to improve the effectiveness of the existing cooling 
water system and in turn, ensure continued compliance with the conditions of EPL No. 1429 under upgraded 
operations. The reservoir’s operation will involve: 

 Transfer of water from the existing high-level (inlet) canal to the reservoir for storage via eight new transfer 
pumps (providing a combined capacity of 20m3/sec);  

 Filling of the reservoir on a daily basis, typically between 8 pm and 12 midday in the summer months, to 
ensure that the reservoir is full prior to the hotter parts of the day and during peak demand; 

 Discharge of reservoir storage into the high-level canal where mixing with cooling water will achieve up to 
2°C decrease in the temperature at the outlet to Myuna Bay; and 

 The frequency of filling and emptying of the reservoir will be reduced during cooler months. A nominal 
frequency of weekly filling and gradual emptying over one week, with flexibility to extend or decrease this 
frequency, is anticipated. 

In summary, the operation of the reservoir will enable maximum capacity operation of the generating units during 
daily peak demands and during periods of high ambient lake water temperatures, with the following advantages:  

 Water extraction will not exceed that which is currently able to be pumped into the high-level canal by the six 
existing main cooling water pumps; 

 Discharge water volumes into Myuna Bay will not exceed the current licence limit of 11,000 ML per day; and  

 No additional impact on the flow and temperature out of or into Lake Macquarie to that nominated in the EPL 
No.1429. 

2.2 Reservoir Design 

The reservoir is a roughly circular shaped “turkey’s nest” with an approximate footprint of 15.4 ha and 
approximately 14 m deep. The design of the reservoir consists of an earth and rock-fill embankment structure 
comprising a low permeability earth (day) core and excavated cut-off, which aim to limit seepage through the 
embankment.  

To minimise seepage losses to watercourses and groundwater, the reservoir is fully lined with a 0.75 m thick 
compacted clay floor and 1 m thick clay liner on the side slopes. In addition the banks of the reservoir are lined 
with rip rap protection over the full height of the internal slopes, geotextile fabric to stabilise the reservoir structure, 
and diffusers on the inlet pipes to prevent scour. Together these measures will minimise potential erosion of the 
banks.  

An engineered drainage system has been installed in the north eastern portion of the reservoir site to manage 
potential leakage of saline water from the reservoir. Collected seepage is returned back to the reservoir so no 
impacts are expected on the groundwater table in that area.  Vibrating wire piezometers and seepage measuring 
points are used to provide a means of monitoring embankment and foundation pore pressures and embankment 
seepage. Groundwater monitoring boreholes have been installed and a Groundwater Management Plan has been 
prepared. 

Extraction of water from the existing inlet canal is via a transfer pumping station at the north western end of the 
reservoir. The new transfer pumps and associated pipes transfer water from the high-level canal into the 
reservoir. No other modifications will be made to the high-level canal and no modifications to the low-level canal 
are required. 
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3.0 Impacts 
Four categories of potential impacts of the cooling water on Myuna Bay include (1) Thermal Impacts, (2) Flow 
Impacts, (3) Industrial Process Pollutants, and (4) Natural Process Pollutants. A broad outline of the monitoring 
strategies under the four nominated impact categories is given here. 

3.1 Thermal Impacts  

3.1.1 Previous Studies  

The greatest impact, if any, on the ecology of Myuna Bay is likely to come from thermal discharges. To this end, 
Eraring Energy, as a function of special conditions granted for EPL No. 1429, was required to undertake a 
comprehensive study of thermal impacts of cooling water on Lake Macquarie.  

The study was based on contemporary ecological and water quality data collected from the lake and included: 

a) The development of a three dimensional model of hot water plume and cooling fields under a range of likely 
weather scenarios; 

b) Detailed mapping of the current distribution and density of seagrass in the vicinity of the inlet and discharge 
points and adjacent areas; 

c) The development of conceptual models of the likely pathways of impact of operations, both intake and 
discharge of cooling water; and 

d) Identification of a suite of likely organisms that would be impacted and measurement of dose/response 
parameters for heat tolerance, physical disturbance (turbulence) and impacts of any other possible physical 
stresses or chemical contaminants, including chorine, copper, antifouling and antifoaming agents in the 
operation chain, including screening.  

Studies undertaken to meet the above conditions, included: 

 Three dimensional modelling of hot water plumes and cooling water investigations (Cardno Lawson Treloar, 
2007); 

 Development of a conceptual model of the cooling water system (HLA ENSR, 2007a); 

 Toxicity and temperature pulse assessments on aquatic biota (HLA ENSR, 2007b and University of 
Technology, 2007); 

 Fish screening and entrainment studies (Bio-Analysis 2007); and 

 Numerous seagrass investigations (refer Section 4.2.1). 

 In addition to the above studies, assessments as detailed below were undertaken for the Environmental 
Assessment prepared for the project: 

 Three dimensional modelling of hot water plumes and cooling water investigations for 750MW Upgrade 
(Cardno Lawson Treloar, 2006); 

 Cooling water attemperation reservoir assessment (HLA, 2007c); and 

 Fish screening and entrainment studies for 750MW upgrade (HLA, 2007d). 

3.1.2 Compliance 

The Thermal Load Strategy, required under Consent Condition 2.20, supplements the above listed studies and 
demonstrates that the operating regime to be implemented by Eraring Energy is compliant with the consent 
conditions issued for the development application (DA06_0238) and the conditions of EPL No.1429. Eraring 
Power Station will not exceed its existing licence conditions related to thermal impact. 

The Thermal Load Strategy was submitted to the Department of Planning on the 2nd November 2009 
accompanied by Plant Note 547, which comprises the associated instruction to plant operators. The Thermal 
Load Strategy was approved by the Department of Planning on 12th November, 2009. 
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3.2 Flow Impacts 

With the attemperation reservoir in operation, the total daily flow will remain unchanged with only marginally 
higher hourly flows occurring for up to 8 hours during the reservoir usage days in summer.  

In order to assess whether any scouring occurs in the direct vicinity of the outlet to Myuna Bay, as a result of 
higher hourly flows, a bathymetric survey will be conducted prior to and following upgraded operation.  

3.3 “Industrial” Pollutants 

Industrial process pollutants include Copper (Cu), Iron (Fe) and Selenium (Se). These metals are currently tested 
for Eraring Energy’s existing water quality monitoring (in compliance with EPL No.1429). Operation of the 
attemperation reservoir is not expected to affect concentrations of process pollutants, however the existing 
monitoring regime will be extended to include sampling within the reservoir (refer Sections 4.2.2 and 4.4). 

3.4 “Natural” Pollutants 

‘Natural’ pollutants include parameters such as nitrogren, phosphorus and algae. These parameters will be 
monitored via the following methods:  

 Inclusion of the attemperation reservoir as a sampling site within Eraring Energy’s existing water quality 
monitoring, in compliance with EPL No.1429 (refer Section 4.4.2); 

 A test program to assess residence time and the potential for stratification (refer Section 4.4.3); and  

 Qualitative monitoring program (refer Section 4.4.4).  
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4.0 Aquatic Ecological Monitoring Program 

4.1 Consent Conditions  

Consent condition No. 3.8 requires an Aquatic Ecological Monitoring Program to monitor the impacts of the 
project on the ecology of ecosystems of Myuna Bay – prior to the commencement of operation of the 
attemperation reservoir.  

The Program is to be developed in consultation with the Department of Environment, Climate Change and Water 
(DECCW) and the Department of Industry and Investment (DII), and shall include:  

a) A sampling, data collection and assessment regime to establish baseline ecological health: 

- with particular reference to seagrasses; and  

- for ongoing monitoring of ecological health during construction and operation of the project. 

b) Criteria against which the impact of the project on the ecological health of Myuna Bay will be assessed; 

c) Water quality monitoring in the context of potential ecological impacts; 

d) Mitigation measures to be implemented in the event that reduced ecological health is identified with 
reference to established assessment criteria, including a timetable for implementation; and 

e) Provision for the identification and establishment of compensatory habitat measures in the event that 
monitoring indicates a deterioration or destruction of seagrass habitat.  

4.2 Baseline Ecological Health 

4.2.1 Seagrass and Macro-Algae: Existing Monitoring Program 

Eraring Energy has been monitoring seagrasses in Myuna Bay for many years as part of the Land Management 
Plan and the management of any impacts of the cooling water on Myuna Bay (Hodgson, 2005; Cardno Lawson 
Treloar 2006; Connell Wagner, 2007; Bio-Analysis, 2009). 

In the summer of 2009, Eraring Energy commissioned Bio-Analysis Pty Ltd to develop a statistically robust 
seagrass and algal sampling design and monitoring program to establish baseline ecological health.  

A “Beyond BACI” (Before-After-Control-Impact) sampling design, refined in consultation with DECCW, DII, and 
Eraring Energy, was used to evaluate the potential impacts of cooling water discharged from the Power Station on 
assemblages of seagrass. Specifically the following scope of works was undertaken:  

 Mapping the extent of seagrasses and macro-algae in Myuna Bay in summer equivalent temperatures;  

 A fine scale assessment of seagrasses in the vicinity of the outlet canal; and  

 A quantitative assessment of seagrass and macro-algae at 16 locations, including four reference locations. 

Bio-Analysis also reported on studies commissioned by Eraring Energy relating to seagrass surveys and potential 
thermal impacts, which included: 

 Eraring Power Station Assessment of Causes of Long-term Seagrass Changes in Myuna Bay 1953 to 2004 
(Hodgson, 2005); 

 Eraring Power Station 750MW Upgrade (Cardno Lawson Treloar, 2006); 

 Assessment of Changes in Myuna Bay Seagrass Percent Cover in 2007 Relative to 1980 to 2007 
Distribution Changes (Connell Wagner 2007); 

 Conceptual Model of Cooling Water System – Eraring Power Station, (HLA 2007a); 

 Toxicity Assessment of Eraring Power Station Discharge – Report to Eraring Energy (HLA 2007b); and 

 Investigation of effects of increased temperature pulses on temperate seagrasses (Ralph et al., 2008). 
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Key findings made by Bio-Analysis (2009), were: 

 The total area of seagrasses mapped in 2009 (218,606m2) was considerably smaller in area compared to 
previous surveys (Hodgson, 2005 and Connell Wagner, 2007). This was cautiously attributed to the different 
mapping methods. 

 Visual comparison of mapping between 2009 and 2007 indicated little difference in the distribution of 
seagrasses within Myuna Bay.  

 The most common seagrass species found in Myuna Bay is Eel-grass (Zostera capricorni), with Paddle-
grass (Halophila ovalis) abundant at the southern edge of the outlet canal to Rocky Point.  

 The replacement of Zostera capricorni by Halophila ovalis at this location is attributed to thermal effluent 
discharged from the Power Station and believed to have occurred within the first few years following the 
commissioning of the first 660 MW unit (in 1982). 

 Relatively small amounts of macro-algae (mostly Sargassum spp.) were found interspersed amongst 
seagrasses. 

 Conceptual pathways of thermal plumes in relation to the distribution of seagrasses in Myuna Bay, indicate 
that seagrasses south of the outlet canal up to a distance of approximately 350 m are sometimes exposed to 
discharge temperatures of >5°C above ambient. 

 Laboratory experiments designed to examine thermal stress on the seagrass Zostera capricorni, did not 
enable speculation of the actual thermal threshold for this species, but indicated that plants exposed to 
above 30°C for up to 4 hours over 4 consecutive days declined in health (Ralph et al., 2008).  

 A number of other studies were reported that support temperatures of around 30°C being the point at which 
growth declines. 

 Simulations of the proposed operating conditions and existing seagrass distribution over a 5 day period in 
January 2006 indicated that seagrass meadows north of the outlet canal and in areas adjacent to the 
northern and eastern shoreline in Myuna Bay are sometimes exposed to ambient water temperatures of 
>31°C (Cardno Lawson Treloar, 2006). 

In summary, adverse affects on seagrasses in Myuna Bay from the current thermal exposure was not evidenced1. 
Bio-Analysis Pty Ltd is scheduled to carry out a second monitoring event in December 2009, prior to the 
commissioning of the first upgraded unit and the reservoir. Further surveys will be scheduled following the 
completion of the capacity upgrade. 

4.2.2 Water Quality Monitoring Program: Existing Program 

Eraring Energy currently undertakes water quality sampling at various depths from three sites within Lake 
Macquarie: 

1. LM10: inlet canal from Bonnells Bay; 

2. LM8: outlet canal in Myuna Bay; and 

3. LM7: Myuna Bay (on the opposite side of the bay from the outlet canal). 

The present water quality monitoring program is compliant with existing licence conditions and in accordance with 
the site’s Surface Water Management Plan. The Surface Water Management Plan is a component of the existing 
Land Management Plan which was developed to monitor and manage any impacts of the cooling water on Myuna 
Bay. Monitoring is conducted monthly, quarterly or yearly as summarised in Table 4-1:    

                                                           

1 Excluding the replacement of Zostera capricorni by Halophila ovalis evidenced in 1982, which was attributed to 
thermal effluent impacts, but cannot be determined retrospectively. 
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Table 4-1. Existing Water Quality Monitoring Program 

Parameter Units Detection Limit Frequency 

Dissolved oxygen profile (0.5m) mg/L 0.1 Monthly  

Temperature profile (0.5m) °C NA Monthly 

Salinity profile ppt 0.1 Monthly 

Secchi depth m 0.1 Monthly 

Zookplankton per/m3 10 Monthly 

pH @25°C NA Monthly 

Silica-saline mg/L 0.01 Monthly 

Oxides of nitrogen-saline (NO3 & NO2) mg/L 0.001 Monthly 

Ortho-phosphate-saline mg/L 0.001 Monthly 

Filterable residue mg/L 0.001 Quarterly or Yearly 

Nitrate mg/L 0.001 Quarterly or Yearly 

Nitrite mg/L 0.001 Quarterly or Yearly 

Total phosphorus mg/L 0.001 Quarterly or Yearly 

Ortho-phosphate mg/L 0.001 Quarterly or Yearly 

Total zinc mg/L 0.005 Quarterly or Yearly 

Total selenium mg/L 0.001 Quarterly or Yearly 

Total copper mg/L 0.005 Quarterly or Yearly 

Total cadmium mg/L 0.005 Quarterly or Yearly 

Total lead mg/L 0.005 Quarterly or Yearly 

Total chromium mg/L 0.005 Quarterly or Yearly 

Total arsenic mg/L 0.001 Quarterly or Yearly 

Total mercury mg/L 0.0001 Quarterly or Yearly 

Total silver mg/L 0.005 Quarterly or Yearly 

Total barium mg/L 0.01 Quarterly or Yearly 

Conductivity mg/L NA Quarterly or Yearly 

Chloride mg/L 1 Quarterly or Yearly 

Sulphate mg/L 1 Quarterly or Yearly 

Alkalinity mg/L 1 Quarterly or Yearly 

Fluoride mg/L 0.1 Quarterly or Yearly 

Sodium mg/L 1 Quarterly or Yearly 

Calcium mg/L 1 Quarterly or Yearly 

Potassium mg/L 1 Quarterly or Yearly 

Magnesium mg/L 1 Quarterly or Yearly 

Cation/Anion Meq/meq 0.1/0.1 Quarterly or Yearly 

Filterable manganese mg/L  Quarterly or Yearly 

Filterable iron mg/L 0.03 Quarterly or Yearly 
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Parameter Units Detection Limit Frequency 

Total Boron mg/L 0.02 Quarterly or Yearly 

Iron µg/L 30 Quarterly or Yearly 

Selenium µg/L 0.2 Quarterly or Yearly 

Copper µg/L 0.5 Quarterly or Yearly 

 

4.3 Assessment Criteria 

4.3.1 Seagrass Criteria 

Data collected for seagrasses will simply be a measure of change over time with due consideration given to 
natural events that may impact on seagrass growth. The baseline study quantified cover and density (Bio-Analysis 
2009) that should be maintained (i.e. no significant net loss), and where losses occur, the requirement for 
compensatory habitat or other acceptable offset will be triggered.  

The “Beyond BACI” sampling design includes quantitative assessment of seagrass and macro-algae at 16 
locations including four reference locations. Reference locations are those sites which are remote from any 
potential impacts from the plant’s operation (i.e. under current and upgraded operation). Thus anthropenic 
impacts (e.g. catchment generated pollution) or naturally occurring variations in seagrass growth may be detected 
separately.  For example, where changes in distribution, abundance or health of seagrasses within impact sites 
also occur in reference sites, than it can be concluded that such changes are not in response to the plant’s 
operation.   

4.3.2 Water Quality Criteria 

ANZECC (2000) provides default trigger values for physical and chemical stressors for South East Australia for 
slightly disturbed ecosystems. These values apply in large to freshwater rivers and streams. Trigger values for 
estuaries are given, but it is noted, they are non site-specific values and variability issues mean they may not be 
very useful indicators. Higher values may be found in estuaries or inshore coastal waters due to wind-induced re-
suspension or to the input of turbid water from the catchment.  

The ANZECC guidelines present three levels of trigger values – high reliability, moderate reliability and low 
reliability. The low reliability values were derived using broad assessment factors to account for uncertainty in the 
absence of a data set of sufficient quality. Where available, high reliability trigger values will be adopted, and low 
reliability trigger values used where high reliability values are not available.  

4.4 Water Quality Monitoring 

4.4.1 Attemperation Reservoir Operation 

Water quality within the reservoir will be dependent on the quality of water extracted from Lake Macquarie, or 
specifically Bonnells Bay. Concerns raised during the Environmental Assessment phase of the project relate to 
the storage of water within the reservoir. Storing water for extended periods of time can lead to stratification and 
increases in biological oxygen demand, decreases in dissolved oxygen, and elevated nutrient levels – which in 
turn may promote algal blooms.  

 
In the context of water environments, stratification refers to layering of water on the basis of vertical variation in 

the salinity or temperature of the water column. Both salinity and temperature determine water density and a 
stratified water column must have water density increasing towards the bottom. When a water column is stratified, 
the exchange of water and nutrients between layers is restricted; hence there can be quite a difference in water 

quality between the layers. 
 

During summer months, the reservoir will be filled and emptied on a daily basis. Thus the potential for stratification 
of the water column is considered highly unlikely.  

During winter months, the frequency of filling and emptying will be reduced due to reduced energy demands in 
combination with lower water temperatures at this time of year. It is envisioned that filling of the reservoir during 
winter months will occur on a weekly basis, and emptying will occur gradually over the duration of one week.  
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With residence times of one week or less the potential for stratification to occur would ordinarily increase, however 
this is likely to be offset by cooler air and water temperatures.  

4.4.2 Physico-chemical and Chemical Monitoring Program  

Water quality parameters currently assessed on a monthly basis within the existing program (Table 4-1) will be 
expanded to collect samples from within the attemperation reservoir. Total and dissolved Nitrogen and Ammonia 
will be added to the sampling program for the inlet canal, attemperation reservoir and outlet canal, and quarterly 
measurement of Copper, Selenium and Iron will be extended to include the attemperation reservoir.  

More specifically, water quality within the reservoir will be monitored to: 

 Establish ambient water quality within the reservoir over time, under summer and winter operating 
conditions, and following rainfall events;  

 Identify effects on extracted water quality from storage in the reservoir; and 

 Identify effects, if any, of water discharged from the reservoir on the quality of water discharged from the 
outlet canal. Noting that water discharged from the reservoir will be substantially diluted once mixed with 
cooling waters within the outlet canal, and potentially not detectable.  

The design of the attemperation reservoir is unique and once operational will be reliant on an adaptive 
management approach. Under the proposed operation (filling and emptying) it is anticipated that the potential for 
any adverse impacts from water quality will be unlikely during summer months, with a slight increased risk of 
changes in water quality parameters during winter months.  

4.4.3 Test Program 

The frequency of emptying and filling during autumn and winter, while nominally weekly, is afforded a level of 
flexibility in which the opportunity to investigate longer holding times, and the effects of such on water quality, will 
be possible.  

Following the peak summer months (in approximately March / April 2010), Eraring Energy will conduct a test 
program to evaluate the potential for stratification within the reservoir.  

This shall be achieved through a campaign of water quality monitoring events that target a range of different 
conditions, i.e. rainfall events, storage of water in reservoir over time, etc, to assist in understanding how varying 
conditions will affect water quality in the reservoir.  

The outcomes of the test program will inform the operating regime of the reservoir during non-peak electricity 
demand periods.  

4.4.4 Qualitative observations 

In addition to the intended sampling and analysis regime for water quality, additional qualitative data will be 
visually monitored on a more regular basis. Visual monitoring will comprise circumnavigating the perimeter of the 
reservoir on foot and recording observations on an inspection checklist. Due to the large surface area of the 
reservoir, binoculars may be required to scan the mid regions of the reservoir and establish whether inspection via 
boat is necessary (i.e. if floating matter or discolouration is observed which cannot be described from land).  

The intent of visual monitoring is threefold: 

 To collect data that is relatively easily obtained and at a higher frequency than pre-programmed collection, 
processing, and analysis of water sampling; 

 To engage personnel responsible for the operation and maintenance of the reservoir to become familiar with 
a range of parameters that may pose a risk to water quality; and  

 Establish a mechanism for the early identification of potential issues that may impact on water quality within 
the reservoir.  

During the first two months of operation, the frequency of recorded visual monitoring shall be no less than 
fortnightly, and thereafter at a decreased frequency subject to the results of data collected (i.e. conditions within 
the reservoir remain largely unchanged).  

Opportunistic monitoring will be afforded by virtue of the daily presence of Eraring Energy personnel within close 
proximity to the reservoir. Eraring Power Station utilises electronic logs, work order and incident reporting systems 
which provide for personnel to record observations made (outside of formal routine inspections) that do not 
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require immediate action (either further investigation or scheduling of maintenance). Immediate action, if required, 
will be initiated by word of mouth and later recorded in the same systems. 

The sample inspection checklist shown in Appendix A will be developed with operating experience to provide 
sufficient prompts for entry of observations against each of the parameters listed in Table 4-2 and instruction for 
any actions that may be required.  

Monitoring and resultant records will be integrated into Eraring Energy’s existing Environmental Management 
System (EMS) Manual and Environmental Compliance Manual. An “event” will trigger a management response 
under the existing EMS and incident management system, which details actions, assigns responsibilities and 
specifies timeframes for responses. 

Figure 4-1 provides a conceptual flow diagram of how the inspection should be completed. A sample checklist is 
provided in Appendix A.  

Table 4-2. Qualitative monitoring parameters  

Components Action 

Structural  

Inlet / outlet pipes, pits, screens Inspect for blockages or damage, and build up of debris/sediment. 
Schedule cleaning or other maintenance as required.  

Reservoir banks Inspect riprap and lining (where visible) to identify any erosion or 
damage. Facilitate repairs immediately and/or schedule maintenance 
as required. 

Reservoir access road, ramps etc Inspect to identify any erosion or damage, and leakage or other 
materials potentially sourced from machinery/vehicles. Facilitate 
repairs or cleaning immediately and/or schedule maintenance as 
required. 

Abiotic  

Water level  Record level of water on checklist. 

Flows Record status of operation on checklist: whether filling, emptying or 
static. 

Water quality Visually assess for scums, slicks, odours, visibility, presence of 
debris/litter. Record presence on checklist. 

Weather Record rainfall, atmospheric temperature and other general 
observations (i.e. wind energy on water surface). Daily rainfall and 
temperatures may be entered on checklist following inspection. 

Biotic  

Algae Visually assess water body for presence of algae, record on checklist 
as prompted. Checklist will prompt for colour, form and other 
distinguishing features. 

Water birds Record presence of water birds, number of water birds, and location 
of water birds on checklist.  Identification to species not necessary, 
but use of reservoir by water birds should be determined (i.e. roosting 
on banks, feeding from or resting on water). 

Fish Record observations of fish and where possible relative size of fish 
present (i.e. larvae, small or large).  Checklist to provide prompts for 
relative size. 

Molluscs and other substrate hugging 
fauna  

Record the location of molluscs or other marine fauna establishing on 
rip rap, structures or other parts of reservoir.  
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Figure 4-1. Inspection Flow Chart 
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4.5 Mitigation Measures 

Consent condition No. 3.8 (f) requires the implementation of mitigation measures in the event that reduced 
ecological health is identified with reference to established assessment criteria, including a timetable for 
implementation. Under the existing EPL No. 1429 conditions, all exceedances are to be reported within ‘annual 
return’ reporting, with the exception of incidents causing threatening or material harm to the environment. The 
latter must be reported as soon as practical after the incident becomes known.  

In relation to exceedance in water quality parameters there are two avenues of response: 

1. Physico-chemical parameters: parameters that are measured and interpreted in situ, such as temperature, 
pH, salinity and turbidity, can be reported immediately through an established chain of command, and 
thereafter acted upon as necessary; and 

2. Chemical analytes: parameters that require laboratory analysis (e.g. nutrients) will most likely be known 
several days after a potential exceedance has occurred, and mitigation of such unlikely. Such incidents will 
be reported under licence conditions in ‘annual return’ reporting, unless the exceedance is significantly 
above or below the associated trigger level. In this case further immediate investigation may be required.   

Qualitative monitoring that identifies any parameters of concern can be reported immediately through an 
established chain of command, and thereafter acted upon as necessary (as prompted by checklist).  

Mitigation measures that may be implemented in the event that conditions within the attemperation reservoir are 
likely to reduce ecological health of receiving waters potentially include: 

 Cessation of filling or emptying until assessment, repairs or other remediation work can be completed; 

 Gradual release of stored waters for dilution in main volume of cooling waters and re-filling of reservoir; 

 Manual removal of surface particulate matter; and 

 Artificial aeration of the reservoir. 

 

Note: In the event that reduced dissolved oxygen levels eventuated within the reservoir, the release of reservoir 
waters would be ameliorated on mixing with the large volumes of highly oxygenated cooling waters at the outlet 
(due to the turbulence in the outlet canal).  

4.6 Compensatory Habitat Measures 

Consent condition No. 3.8 (e) requires that provision be made for the identification and establishment of 
compensatory habitat measures in the event that monitoring indicates a deterioration or destruction of seagrass 
habitat.  

In order to establish such a provision, the terms ‘deterioration’ and ‘destruction’ both need to be defined with 
caution. Particularly as: 

 Seagrasses can be destroyed from natural events such as storms and floods, through direct damage caused 
from water based recreation, or deteriorate as a result of poor water quality or competition from pest 
species. Each of these factors have the potential to occur both in the presence or absence of upgraded 
operations; and 

 Seagrasses are known to be itinerant (i.e. come and go) and therefore an absence of previously mapped 
seagrasses may not necessarily reflect deterioration or destruction, over a shorter term. 

The word destruction infers that something is ruined or obliterated and given that the upgrade does not involve 
any construction activities within the lake, seagrasses are unlikely to be destroyed as a result of the upgrade. If 
any impacts were to occur, it would be expected to be in the form of deterioration of seagrass condition.  

Detection of seagrass deterioration will need to be discernible from natural variation in seagrass growth, and 
impacts on seagrass health from stresses originating outside of the plant’s operation. The potential for climate 
change impacts on seagrasses is another unquantified variable which could confound this process over time. 

Bio-Analysis (2009) has employed the current best practice monitoring design (BACI) for this purpose. The 
monitoring of control sites (outside of areas in Myuna Bay that may be subject to increased water temperatures 
above ambient) provides for the detection of any change in seagrass meadows that are not as a result of the 
upgraded operating conditions to be identified.  
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The field component of the second monitoring event is due to be completed in December 2009, and thereafter the 
subsequent analysis of data collected. Once analysis and reporting is finalised, the establishment of a benchmark 
from which potential deterioration of seagrasses can be assessed will be possible.  

With respect to compensatory measures, further consideration must also be given to the efficacy of current 
seagrass restoration techniques. The efficacy of using existing techniques to restore seagrass as a habitat 
compensation measure in NSW was examined by the former Department of Agriculture (Ganassin and Gibbs, 
2008) by reviewing restoration studies published since the late 1990s.  

The review identified that seagrass restoration is a costly process that is still somewhat developmental, and only 
small areas of habitat have been successfully replaced, with efforts to replace larger areas of habitat on a one-to-
one basis often falling short of that goal. It was concluded that until such techniques can be reliably used in NSW, 
the protection of existing seagrass beds will remain the most important, efficient and effective priority for 
sustaining seagrass resources. 

During consultation between Eraring Energy, DECCW, and DII, it was generally agreed that replacement of 
seagrass habitat should not be the only compensatory method considered, with funding contributions for 
alternative rehabilitation projects suggested (e.g. saltmarsh rehabilitation).  

Potential saltmarsh offset areas occur within two locations on Eraring Energy land (2-4 ha).  

The key issues in establishing appropriate and reasonable compensatory measures have been identified as: 

 Predicted sea level rise in relation to the creation or rehabilitation of any intertidal habitat, i.e. there will no be 
advantage or long term offset possible in the creation of an alternative habitat if it is possible that forecasted 
sea level rise, and other yet to be scientifically quantified effects of climate of change may impact on such; 
and  

 Identifying an appropriate method of estimating the cost of compensatory habitat, in the event that 
compensation is required.  
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4.7 Summary of Monitoring Activities  

Monitoring activities are summarised in the following table for the first 12 months of operation under upgraded 
conditions2.  

Canal Stability   Sites Frequency 

Bathymetric survey  Myuna Bay (outlet)  Prior to operation (January 2010) 

Water Quality Monitoring  Sites Frequency 

Turbidity 
DO profile  
Temp profile  
Salinity profile 
pH 
Silica-saline 
TN, NH3, NO3 & NO2 
TP, Ortho-P 

Myuna Bay (outlet) 

Bonnells Bay (inlet) 

Attemperation Reservoir 

 

Summer 2010 

 Prior 1st release  

 Monthly (as per existing program, 
but to include 2 wet weather 
sampling events)   

Attemperation Reservoir 

 

Winter 2010: experimental trials to 
include variables such as:  

 Dry and wet weather (min. 3 
sampling events each) 

 Daily physical measurements 
over one week while optimal 
storage is maintained in reservoir 
for both cold and warmer weather 
conditions 

Qualitative Monitoring Program  Sites Frequency 

As per checklist  
(Appendix A) 

Attemperation Reservoir 

 

Summer 2010 

 Fortnightly for 1st two months of 
operation,  

 Thereafter at a decreased 
frequency subject to the results of 
data collected (i.e. conditions 
within the reservoir remain largely 
unchanged) 

Winter 2010  

 Weekly for first month of 
increased storage times 

 Additional events to coincide with 
experimental trials   

Seagrass Monitoring Program  Sites Frequency 

Distribution, cover, composition and 
density 

As per Bio-Analysis 2009  2nd monitoring event scheduled 
for December 2009 

 3rd event following 
commencement of upgraded 
operation 

                                                           

2 Monitoring to be reviewed at end of every 12 months in line with existing Environmental Compliance Manual 
Reporting, and monitoring schedule re-forecasted as required. 
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5.0 Reservoir Management 
Consent condition No. 6.4 requires that, as part of the Operation Environmental Management Plan for the project 
(required under condition 6.3) a Reservoir Management Plan be prepared. The Plan is to outline how the 
attemperation reservoir will be managed to minimise potential impacts on the surrounding environment. The Plan 
shall include but not necessarily be limited to: 

 Management of the timing of emptying and filling the reservoir to minimise stratification; 

 Management of inputs to the reservoir from Bonnells Bay following rainfall events; 

 Water quality monitoring, including water quality at the surface and the bottom of the reservoir, and algal 
levels during high rainfall periods; and 

 Water quality monitoring for nutrient and sediment levels in the outlet canal during reservoir discharge.  

The management of the timing for emptying and filling of the reservoir has been summarised in Section 4.4.1 of 
this report, and is described in detail within the Thermal Load Strategy and associated Plant Note. Essentially, the 
proposed filling and emptying regime of the reservoir will be on a daily basis during summer months, with a 
substantial reduction in this frequency during cooler months.  

The potential impacts of poor water quality originating from Lake Macquarie, as a result of catchment sourced 
pollutants during high rainfall periods, will be monitored and adaptively managed. However it would be expected 
that during summer, at which time water stored in the reservoir will be exchanged on a daily basis, there should 
be no net impact on the prevailing water quality within the lake, with the exception of water temperature.  

During the cooler months when water stored in the reservoir will be exchanged at a lower frequency, adaptive 
management in response to the results of the proposed test program and ongoing water quality monitoring will 
become more readily discernible.   

 
Adaptive management is commonly defined as “learning by doing”. More and more frequently, adaptive 

management is required where management outcomes are expected, but the outcomes of management options 
are uncertain, or not tested. To this end, adaptive management must involve a process of monitoring, decision 

making, and further monitoring, while aiming to reduce the uncertainty over time and ultimately identify the most 
appropriate management regime. 
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1. GENERAL  

1.1. Water level  Depth: …………  (m) 

1.2. Operation (flow) status Filling: ……….….... Emptying: ………...… Static: ………….....… 

1.3. Rainfall Record most recent rainfall: …….... (mm)  and duration: ………(hrs) 

1.4. Temperature Minimum …………. (C°)    Maximum …………. (C°) 

1.5. Other  Comments: ....…………………………………………………………… 

2. STRUCTURAL  OK1 Routine2 Urgent3 Comments/Action4 

2.1. Inlet / Outlet Pipes and Pits      

2.2. Screens      

2.3. Reservoir Batters     

2.4. Access Road, Ramps      

3. WATER QUALITY  Present Absent Comments/Action5  

3.1. Scums or slicks     

3.2. Odours     

3.3. Algae    

3.3.1. green filamentous    

3.3.2. non-filamentous    

3.3.3. attached      

3.4. Water visibility   Secchi or other depth: ……………..(m)    

4. BIOTIC   Present Absent Comments/Action5  

4.1. Fish    

4.1.1. fish larvae    

4.1.2. small adult fish    

4.1.3. large adult fish    

4.2. Waterbirds    No. of birds: ……………………………………………. 

No. of different spp: …............................................... 

Where observed: ………………………………………. 

(on banks, feeding or resting on water) 

4.3. Molluscs     

4.4. Other     

1. Item checked is in good condition.    
2. Item checked requires attention but does not present an immediate risk. Maintenance/action needs to be scheduled.    
3. Item checked requires immediate attention.    
4. Provide explanation and details if columns 2 or 3 are checked.  
5. Provide explanation if present. 
 

 

Sign and Date: ……………………………………………/…………………………………………… 
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Worldwide Locations 

 

Australia +61-2-8484-8999 
 
Azerbaijan +994 12 4975881 
 
Belgium +32-3-540-95-86 
 
Bolivia +591-3-354-8564 
 
Brazil +55-21-3526-8160 
 
China +86-20-8130-3737 
 
England +44 1928-726006 
 
France +33(0)1 48 42 59 53 
 
Germany +49-631-341-13-62 
 
Ireland +353 1631 9356 
 
Italy +39-02-3180 77 1 
 
Japan +813-3541 5926 
 
Malaysia +603-7725-0380 
 
Netherlands +31 10 2120 744 
 
Philippines +632 910 6226 
 
Scotland +44 (0) 1224-624624 
 
Singapore +65 6295 5752 
 
Thailand +662 642 6161 
 
Turkey +90-312-428-3667 
 
United 
States +1 978-589-3200 
 
Venezuela +58-212-762-63 39 
 

Australian Locations 
 
Adelaide 
Brisbane 
Canberra 
Darwin 
Melbourne 
Newcastle 
Perth 
Sydney 
Singleton 
 
www.aecom.com 
 

 


