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 INTRODUCTION  

This document provides further information to that provided in the Notice of Intent, lodged on 19 February 2016, 
and the responses to the Request for Further Information (hereafter referred to as the RFI response), lodged 20 
April, 2016.  

The first section of this document reiterates the findings of the numerical hydrodynamic modelling that was 
undertaken to support the NOI, and provides the results of further interrogation of the modeling, which gives 
guidance on the likely mixing zone, and the levels of expected exceedance of the nominated Water Quality 
Objectives, within it.  

In response to queries from the NTG regarding the choice of Wheatley Creek as a discharge location, as opposed 
to direct discharge into Bynoe Harbour, the second section of this document sets out the reasons why Seafarms 
believe that discharge to Bynoe Harbour is not a viable option.   
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 RESULTS OF NUMERICAL HYDRODYNAMIC MODELLING 

2.1. OVERVIEW OF DISCHARGE WATER QUALITY CHARACTERISTICS 
Seawater used in the facility will be discharged at a rate proportional to the intake. The water to be discharged 
will have elevated nutrients (specifically nitrogen and phosphorus) as a result of the accumulation of feed 
residues, faeces and organic matter through the farming process. There will be no discharge of any elements that 
do not occur naturally in the local environment. No anti-biotic, anti-parasitic or anti-fouling agents will be 
discharged into the environment as all the cleaning products used in the tanks (i.e. chlorines) are biodegradable 
and all water will be held in the settlement ponds until the products have fully broken down. No animals will be 
released to the environment. To prevent the accidental escape of prawns from the CBC and BMC into the 
surrounding environment, filters will be placed over all outlets to the settlement ponds prior to release. The 
channels/pipelines which lead to the discharge point also present a harsh environment in which any escaped 
prawns are unlikely to survive. 

The below sections reiterate the findings of the numerical hydrodynamic modelling that was undertaken to 
support the NOI, and provides the results of further interrogation of the modeling, which gives guidance on the 
likely mixing zone, and the levels of expected exceedance of the nominated Water Quality Objectives, within it. In 
summary, however, the proposed discharge is not predicted to produce water quality levels which exceed 
relevant guidelines throughout the majority of Wheatley Creek. This prediction is made even though we have 
used the following highly conservative (i.e. which will over predict likely concentrations) modelling assumptions:  

 
 No uptake of nutrients via biological and physical processes, such as take up by vegetation or absorption 

by sediments and algal mats (microphytobenthos);  

 Nutrient levels in the discharge modelled at proposed licence levels rather than the actual expected 
levels; and  

 A direct and constant discharge rather than the proposed regime of discharge only after the wastewater 
is ‘prediluted’ within the proposed tidal pool/weir structure.  

 
The only area where there may be occasional exceedances of guidelines will be in the immediate vicinity and for 
approximately 100 metres either side of the proposed outfall, which can be referred to as a ‘mixing zone’. Water 
quality exceedances in these areas will be short in duration (0.5 hours) and will only occur under spring tide, low 
water slack conditions (4-5 times per month), when there are small volumes in the creek and insignificant tidal 
flows. As soon as the substantial tides in Wheatley Creek start to flow after low water slack, the ‘pooled’ 
discharge waters will rapidly mix and dilute with the incoming tide, restoring the situation which complies with 
relevant water quality guidelines. 

2.2. FINDINGS FROM APRIL 2016 POINT CEYLON COASTAL ENVIRONMENT AND 
HYDRODYNAMICS ASSESSMENT REPORT (ATTACHMENT 3 OF THE RFI RESPONSE) 
At full scale operations the discharge from the CBC/BMC operation will ultimately be approximately 11,000 
m³/day, with the proposed license levels of 2mg/L Total Nitrogen (TN) and 0.4mg/L Total Phosphorus (TP). These 
proposed license levels are actually considerably higher than expected from the actual discharge levels from the 
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operation, with data from the Sea Farms operations at Cardwell having long-term actual effluent qualities of 
1.1mg/L TN and 0.08mg/L TP (see Section 3.7 of the NOI).  

Based upon numerical modelling of the discharge at full scale operations of the receiving waterways, in particular 
Wheatley Creek, the above discharge is anticipated to produce an upper limit long term increase in nutrient 
concentrations of 0.06mg/L TN and 0.013mg/L TP. We highlight that this is a conservative upper limit as, further 
to the aforementioned cautious approach of assuming that the nutrients in the discharge will be at the proposed 
license conditions levels, the modelling also assumed no biological uptake or degradation of the nitrogen and 
phosphorus that will be present in the wastewater discharge. This is a highly conservative assumption. To 
illustrate that in reality this will not be the case, Water Technology have reviewed a wide range of salient 
literature examining how prawn farm waste is assimilated within mangrove/tidal environments, in each case 
drawing on extensive work which has been undertaken in tropical (Port Douglas and Cardwell) and subtropical 
environments (Moreton Bay). This work is provided in Attachment 1. 

When these upper limit increases are superimposed upon the expected long term background or ambient 
concentrations for TN and TP of 0.2mg/L and 0.02mg/L (derived as the 80th percentiles of albeit limited (three 
campaigns) data collected in the vicinity of the site), resultant post operation water quality levels are predicted to 
be of the order of 0.26mg/L for TN and 0.033mg/L for TP in the upper reaches of Wheatley Creek.  

These ultimate water quality levels are compliant with the proposed interim TN water quality guideline value for 
Wheatley Creek (0.3mg/L) and marginally exceed the proposed interim TP quality guideline value (0.03mg/L). 

As noted above, the modelling is conservative in considering the nutrient levels in the discharge to be at the 
proposed license conditions, and in not considering biological assimilation of dissolved nutrients, the settling of 
particulate components in the discharge within the waters of Wheatley Creek and Geranium Channel, nor the 
controlled timing of the discharge across the proposed tidal pool and weir arrangement. When these additional 
processes are taken into consideration, the proposed discharge of wastewater into the receiving environment of 
the Bynoe Harbour region can be expected to have low to negligible impacts on local or regional water quality 
levels and associated environmental values.   

The initial discharge for Stage 1 will be around 2,200 m3/day, which is considerably smaller than the ultimate flow 
of 11,000 m³ per day, which has been assessed herein. This initial stage will provide ample opportunity to better 
understand background water quality and associated mangrove processes, and also for further investigations of 
the dilution and decay of materials within the earlier stages of the discharge to Wheatley Creek to confirm the 
observations and conclusions of these studies.  

2.3. ADDITIONAL INVESTIGATIONS/NUMERICAL MODEL INTERROGATIONS  
Around the location of the discharge, there will be a small area – a mixing zone - in which there are predicted to 
be occasional exceedances of the interim water quality objectives. Further to the Point Ceylon Coastal 
Environment and Hydrodynamics Assessment that was undertaken to support the NOI (Water Technology, April 
2016 – Attachment 3 to the RFI response), Water Technology was commissioned to look further into the expected 
nature and characteristics of water quality behaviour within the mixing zone that will develop in the vicinity of 
the proposed outfall (Water Technology memo May 2016 - Attachment 1 to this document). 
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The numerical model developed for the NOI was interrogated at a finer resolution along Wheatley Creek, as 
opposed to just using the upper estuarine ‘Point 1’ used in the earlier, April 2016, assessment (Attachment 3 to 
the RFI response). The locations at which model results were extracted are shown in Figure 1. As the modelling 
showed that the worst case in regard to water quality impacts would be the dry season (due to the additional 
flushing caused by regular catchment run-off in the wet season), model interrogation used the dry season 
simulation only.  

These model results show that:  

 There will be an effective mixing zone extending from approximately location 9 to location 10 in Figure 1, 
where there will be occasional elevated nutrient levels (outliers), which will occur at and around low water 
slack and to a far lesser degree (due to the greater volume) high water slack. Outside this mixing zone, water 
quality changes are predicted to be more temporally consistent. As the proposed interim Water Quality 
Objectives are based on an annual median, the occasional small and short-lived exceedances outside of 
locations 9 to 10 will not contribute to an overall annual exceedance of the interim Water Quality Objectives   

 Upstream of the proposed discharge, predicted changes in nutrient levels are generally consistent, as could 
be expected, given there being no additional sources of mixing or dilution in this area; and  

 Downstream of the discharge, the predicted changes in nutrient concentrations rapidly reduce in magnitude. 
By the confluence of Wheatley Creek with the Mackenzie Arm, the predicted changes are typically an order 
of magnitude, or 10 times, smaller than in the upper reaches of Wheatley Creek, and consistent with the 
ultimate ambient water quality levels described earlier in this section.  
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FIGURE 1  ADDITIONAL MODEL INTERPRETATION LOCATIONS 

Again, we highlight that these results are conservative as the modelling assumes no decay or biological uptake of 
the discharged nutrients, and in reality this will not be the case (see Attachment 1). 

As mentioned earlier, we also note that this modelling is further conservative, as we have assumed that the 
proposed license standard will apply, rather than the expected actual results in regard to effluent quality being 
discharged. Such an assumption effectively doubles the TN predictions and increases the TP predictions by factor 
of 5. 

Discharge
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Hence, the proposed discharge, even using conservative modelling assumptions, is not predicted to produce 
water quality levels which exceed relevant guidelines throughout the majority of Wheatley Creek.  The only area 
where there may be occasional exceedances of guidelines will be in immediate vicinity and for a hundred metres 
either side of the proposed outfall, which can be referred to as the ‘mixing zone’.  The exceedances in these areas 
will be short in duration (less than 0.5 hours), infrequent and will occur primarily under spring tide, low water 
slack conditions, when there are small volumes in the creek and insignificant tidal flows.  As soon as the 
substantial tides in Wheatley Creek start to flow after low water slack, the ‘pooled’ discharge waters will rapidly 
mix and dilute with the incoming tide, restoring the situation which complies with relevant water quality 
guidelines. As mentioned earlier, mitigation of this will be provided via the provision of the tidal pool and weir 
arrangement, which has not been factored into the modelling discussed herein. This will increase the initial 
mixing, which will be especially significant in reducing the peak water quality concentrations that will occur 
around the low water slack.  

Further, we note that initial discharge stage will be considerably smaller than the ultimate flow of 11,000 m³ per 
day, which has been assessed herein. This initial stage will provide ample opportunity to better understand 
background water quality and associated mangrove processes and also for further investigations of the dilution 
and decay of materials within the earlier stages of the discharge to Wheatley Creek to confirm the observations 
and conclusions of these studies. 
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AVOIDANCE OF DISCHARGE TO BYNOE HARBOUR

3.1. OVERVIEW 
In response to queries from the NTG regarding the choice of Wheatley Creek as a discharge location, as opposed 
to direct discharge into Bynoe Harbour, the section of this document sets out the reasons Seafarms believe why 
Bynoe Harbour is not a viable option for the discharge.  

Seafarms spent considerable time investigating suitable sites for the CBC and BMC across northern Australia. A 
total of 25 sites were short-listed and a formal multi-criteria analysis was applied to assess their suitability as 
potential locations. Attributes considered in the analysis included land tenure, land area, elevation, access to 
fresh water and seawater, access to mains power, logistics and workforce, existing infrastructure, surrounding 
land and marine uses. One of the more critical attributes for the CBC and the BMC is the access to, and 
availability of, seawater that maintains a relatively uniform salinity (i.e. has minimal interaction with freshwater 
inflows). Site selection also considered avoidance of environmentally significant sites including protected areas, 
those with significant populations of threatened species, and/or sites of archaeological, heritage or Aboriginal 
significance.  

Based on this analysis, the Point Ceylon site, avoiding discharge to Bynoe Harbour, was ranked as the most 
optimal location for the CBC and BMC. It was considered important to avoid discharge directly to Bynoe Harbour 
for the reasons listed below. 

3.2. AVOIDANCE OF PASPALEY OYSTER LEASES 
Paspaley have several oyster leases in the middle of Bynoe Harbour.  As the nutrient condition of an oysters 
growing environment can affect the size and quality of the pearl, it was considered of paramount importance to 
site the discharge (and hence the initial mixing zone where exceedances would occur) in an area that would not 
affect the oyster leases in any way. Seafarms have engaged with Paspaley, who have been encouraging of the 
proposed development in its current form (i.e. with the discharge located in Wheatley Creek). 

3.3. AVOIDANCE OF IMPORTANT HABITAT FOR THREATENED MEGAFAUNA 
Within Bynoe Harbour, there is suitable habitat for four threatened turtles species listed under the TPWC Act, 
including macroalgal beds, seagrass beds and rocky reef outcrops. These important feeding resources do not 
occur near the site, nor will they be affected by discharge from the Wheatley Creek location. However, 
discharging to Bynoe Harbour itself, would mean there is potential for these important resources to be affected 
by the initial mixing of the discharge with the Bynoe Harbour waters. 

3.4. MINIMISATION OF OPERATIONAL RISK 
In aquaculture, it is generally accepted good practice to locate the intake and discharge systems of an aquaculture 
facility in such a manner that the possibility of unplanned recirculation of waters through the operation is 
minimised.  This is not because there may be components of the discharge that may otherwise adversely affect 
the receiving environment, this being a matter which is dealt with independently via effluent mixing and 
modelling studies as has been done for the BMC & CBC facility by Water Technology.  This practice is primarily 
related to the desire to provide the maximum level of operational control within an aquaculture facility (that is, 
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knowing exactly what level of water recycling and recirculation is occurring, such that this can take place in a 
planned and controlled manner), and also the desire to not see materials within the discharge, that in the natural 
environment would decay and be assimilated, otherwise cause potential long term accumulation issues within 
the operation. 
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MEMORANDUM 
To Natasha McIntosh 

From Tony McAlister 

Date 19 May 2016 

Subject PSD CBC/BMC Water Quality NOI response 
 

Dear Natasha, 

Please find below a summary of the additional work, further to our report of April 2016, that Water Technology 
has undertaken at your request to define and quantify the behaviour of water quality in the mixing zone for the 
discharge from the proposed Project Sea Dragon Core Breeding Centre (CBC) and Broodstock Maturation 
Centre (BMC).  

1. Introduction 

In providing this advice, firstly we restate the relevant findings from the NOI in regard to potential water quality 
impacts in Wheatley Creek. We then expand on the findings of the NOI with additional interpretations from the 
study’s numerical modelling which provide further insights into Wheatley Creek and how it may be affected by 
the discharge. Thirdly, we draw on relevant literature sources to put the proposed wastewater discharge into 
the context of other comparable aquaculture operations within Australia and compare the scientific findings of 
these operations with those associated with the operations proposed at this site by Project Sea Dragon. 

2. Earlier Findings from April 2016 Point Ceylon Coastal Environment and Hydrodynamics 

Assessment report 

The discharge from the CBC/BMC operation will ultimately be approximately 11,000 m³/day with the proposed 
licence quality of 2mg/L Total Nitrogen (TN) and 0.4mg/L Total Phosphorus (TP). These proposed licence 
quality standards are actually considerably higher than expected from the operation, with data from the Sea 
Farms operations at Cardwell having long-term actual effluent qualities of 1.1mg/L TN and 0.08mg/L TP.  

Based upon numerical modelling of the waterways that will receive discharge from the operation, in particular 
Wheatley Creek, the above discharge is anticipated to produce an upper limit long term increase in nutrient 
concentrations of 0.06mg/L TN and 0.013mg/L TP. We highlight that this is an upper limit as the numerical 
modelling has assumed no biological uptake or degradation of the nitrogen and phosphorus that will be present 
in the wastewater discharge. As we will highlight later in this advice (Section 4), this is a highly conservative 
assumption. 

When these upper limit increases are superimposed upon the expected long term background or ambient 
concentrations for TN and TP of 0.2mg/L and 0.02mg/L (derived as the 80th percentiles of albeit limited (three 
campaigns) data collected in the vicinity of the site), resultant post operation water quality levels are predicted 
to be of the order of 0.26mg/L for TN and 0.033mg/L for TP in the upper reaches of Wheatley Creek.  

These ultimate water quality levels are compliant with the proposed interim TN water quality guideline value 
for Wheatley Creek (0.3mg/L) and marginally exceed the proposed interim TP quality guideline value 
(0.03mg/L).  
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4. Additional Investigations/Numerical Model Interrogations 

The hydraulic and advection dispersion numerical model developed for this study was interrogated at a finer 
resolution along Wheatley Creek than just using the upper estuarine ‘Point 1’ reported in the April 2016 report. 
The locations at which model results were extracted are shown in Figure 1. As the dry season is a critical case 
in regard to water quality (due to the additional flushing caused by regular catchment run-off in the wet season), 
model interrogation used the dry season simulation only. Commensurate ‘box and whisker’1 plots for this case 
at the sites illustrated in Figure 1 are shown in Figure 2 and Figure 3, in each case using the proposed 
(conservative) discharge license concentrations to convert predictions of discharge dilution to predictions of 
the additional TN and TP which will be present in Wheatley Creek. The upper panels in each of Figure 2 and 
Figure 3 show the ‘box and whiskers’ formulations with outliers, while the lower panels remove the outliers to 
show what the water quality changes will be the majority of the time. We have also prepared comparable total 
TN and TP box and whisker plots, superimposing the additional impacts of the discharge on the anticipated 
average background water quality data, and also showing the proposed interim water quality objectives.  These 
plots are shown in Figure 4 and Figure 5. 

These additional model results show as follows:  

 There will be an effective mixing zone extending from approximately location 9 to location 10 in Figure 8, 
where there will be occasional elevated nutrient levels (outliers) which will occur at and around low water 
slack and to a far lesser degree (due to the greater volume) high water slack. Outside this mixing zone, 
water quality changes are predicted to be more temporally consistent and there are no ‘outliers’;  

 Upstream of the proposed discharge, predicted changes in nutrient levels are generally consistent, as 
could be expected, given there being no additional sources of mixing or dilution in this area; and  

 Downstream of the discharge, the predicted changes in nutrient concentrations rapidly reduce in 
magnitude. By the confluence of Wheatley Creek with the Mackenzie Arm, the predicted changes are 
typically an order of magnitude, or 10 times, smaller than in the upper reaches of Wheatley Creek, and 
consistent with the ultimate ambient water quality levels described earlier in this section.  

Again, we highlight that these results are highly conservative as the modelling assumes no decay or biological 
uptake of the discharged nutrients. As will be discussed in Section 4 below, in reality this will not be the case.  

We have also looked further into the expected nature and characteristics of water quality behaviour within the 
‘mixing zone’ that will develop in the vicinity of the proposed outfall. The ‘box and whiskers’ model result plots 
of Figure 1 to Figure 4 show that a low and acceptable level of accumulation of nutrients will occur within the 
whole of Wheatley Creek due to the discharge from the BMC and CBC. These plots also show some ‘outlier’ 

concentrations, primarily at the ‘Outfall’ reporting site and to a far lesser degree at reporting locations ‘9’ and 

’10’. It is specifically these outliers that relate to the concept of a ‘mixing zone’.  

A mixing zone is a limited area or volume of water wherein initial dilution of a discharge takes place and within 
which environmental regulators typically accept that mandated, long term far field, water quality criteria may 
be exceeded. This is associated with the typical situation wherein a discharge itself may have a concentration 
higher than mandated water quality criteria and recognises that initial mixing and associated dilution are 
fundamental physical processes occurring within a waterway. This approach also recognises that organisms 

                                                      
 
1 a box plot is a convenient way of graphically depicting groups of numerical data through their quartiles. Box plots may also have lines 
extending vertically from the boxes (whiskers) indicating variability outside the upper and lower quartiles, hence the terms box-and-
whisker plot. Outliers may be plotted as individual points. Box plots are non-parametric: they display variation in samples of a statistical 
population without making any assumptions of the underlying statistical distribution. The spacings between the different parts of the box 
indicate the degree of dispersion (spread) and skewness in the data, and show outliers.  
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in the receiving environment can either be exposed to water quality changes within a mixing zone that are 
greater than stipulated criteria for short durations of time, or that they can avoid these changes by moving 
away from the mixing zone, in both cases ensuring that the discharge does not affect the desired environmental 
values of the waterway as a whole.  

This process is illustrated in the percentile exceedance plot presented in Figure 6 using predictions at the 
‘Outfall’ site.  This plot shows that additional TN/TP levels in Wheatley Creek at the outfall site are respectively 
less than 0.1 mg/L and 0.02 mg/L for more than 95% of the time, and as such are representative of broader 
water quality changes in Wheatley Creek. More ‘extreme’ changes in water quality at this location, for example 
twice the 95th percentile value, occur for less than 1% of the time. These occasional ‘spikes’ will typically occur 
at low water slack when water will accumulate near the discharge for a short period of time, as illustrated in 
the short duration concentration plot shown in Figure 7. These localised mixing zone related spikes are of short 
duration (approximately 0.5 hr), infrequent (occurring only on very low tides at slack water, say 4-5 times per 
month) and will have no consequence to the overall ecological health of Wheatley Creek. At all other times, 
the velocities of flow past the outfall and the volumes of water around the outfall are such that there will be no 
elevated concentrations and the only potential impacts of relevance are those of a far field (that is whole of 
Wheatley Creek and some distance away from the proposed outfall) nature reported in association with the 
earlier box and whisker plots.  

We also note that this modelling is further conservative as we have assumed that the proposed licence 
standard will apply, rather than the expected actual results in regard to effluent quality being discharged. Such 
an assumption effectively doubles the TN predictions and increases the TP predictions by factor of 5. The 
modelling has also assumed a direct and constant discharge and has not simulated the additional 
mixing/dilution effect that will result due to the offstream tidal weir and pool arrangement proposed for the site. 
This arrangement will see discharges at critical low water slack periods having already been diluted within the 
tidal pool and as such will reduce the magnitude of the water quality exceedances within the mixing zone.  

So, in summary:  

The proposed discharge is not predicted to produce water quality levels which exceed relevant guidelines 

throughout the majority of Wheatley Creek.  This prediction is made even though we have used the 

following highly conservative (i.e. which will over predict likely concentrations) modelling assumptions: 

 No uptake of nutrients via biological and physical processes, such as take up by vegetation or 

absorption by sediments and algal mats (microphytobenthos);  

 Nutrient levels in the discharge modelled at proposed licence levels rather than the actual expected 

levels; and 

 A direct and constant discharge rather than the proposed regime of discharge only after the 

wastewater is ‘prediluted’ within the proposed tidal pool/weir structure.  

The only area where there may be occasional exceedances of guidelines will be in the immediate vicinity 

and for approximately 100 metres either side of the proposed outfall, which can be referred to as a ‘mixing 

zone’. Water quality exceedances in these areas will be short in duration (0.5 hours) and will only occur 

under spring tide, low water slack conditions (4-5 times per month), when there are small volumes in the 

creek and insignificant tidal flows. As soon as the substantial tides in Wheatley Creek start to flow after 

low water slack, the ‘pooled’ discharge waters will rapidly mix and dilute with the incoming tide, restoring 

the situation which complies with relevant water quality guidelines.  
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6. Literature Review/Comparison with Other Sites 

As highlighted, the modelling reported above assumes no biological uptake or decay of discharged nutrients 
and other materials present within the discharge.  To illustrate how this is a highly conservative assumption, 
we have reviewed a wide range of salient literature examining how prawn farm waste is assimilated within 
mangrove/tidal environments, in each case drawing on extensive work which has been undertaken in tropical 
(Port Douglas and Cardwell) and subtropical environments (Moreton Bay). 

Direct extracts from these literature sources, together with their citations, are provided below.  Relevant 
sections of text that will later be used for direct comparisons to the case of the discharge from the CBC/BMC 
are highlighted in red. 

 ‘The Impact of Shrimp Pond Effluent on Water Quality and Phytoplankton Biomass in a Tropical Mangrove 

History’ – L.A. Trott and D.M. Alongi - Marine Pollution Bulletin, Volume 40, Number 11, pages 947 – 951, 
2000 

 The limited spatial and temporal water quality impact suggests that the effluent was dissipated by 
tides and assimilated and/or mineralised by the estuarine food web.  Our results imply that tidal 
mangrove estuaries have some capacity….to process intermittent inputs of pond derived nutrients. 

 There were no significant differences in water temperature, total suspended solids and dissolved 
nutrient concentrations between impacted and non-impacted estuaries. 

 It is likely that a combination of processes, most likely mineralisation and subsequent dissipation (e.g., 
respiration, denitrification) by planktonic food webs, and dilution and physical processing by tides, 
were the major mechanisms. 

 Periodic monitoring of the creek bottom did not indicate any obvious sedimentation of particulate 
material.   

 The average dilution ratio (volume of prawn farm discharge water to volume of incoming tidal water) 
was estimated for spring tides to be approximately 12%. 

 The short temporal and spatial scale of the observed impact infers that tidal flushing, while an 
important factor, is complemented by biological processes which transform the effluent before it 
reaches downstream locations.  Several authors (Clough et al. 1983, Tam and Wong 1993) have 
reported on the assimilative capacity of mangroves for sewage effluent.  It appears from this study 
that mangrove estuaries also have some capacity to tolerate periodic inputs of effluent from intensive 
shrimp ponds. 

 ‘The Trophic Fate of Shrimp Farm Effluent in Mangrove Creeks of North Queensland, Australia’ - A.D. 
McKinnon, L.A. Trott, M.  Capo, D.K. Miller, S. Duggan, P. Speare and A. Davidson - Estuarine, Coastal 
and Shelf Science (2002), 55, 655 – 671  

 Zooplankton and fish communities in mangrove creeks removed materials originating from the 
discharge of effluent from ponds used for shrimp aquaculture at two commercial farms in North 
Queensland. 

 During pond discharge periods, microzooplankton grazing removed greater than 120% of primary 
production and 117 to 266% of bacterioplankton production in the mixed lower reaches of the creeks 
and immediately offshore. 

 Trophic processes and their associated respiratory losses are instrumental in the assimilation and 
dissipation of effluent materials within the creek system, and are responsible for returning 
concentrations of bioavailable materials to ambient levels. 
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 This research provides environmental managers with direct evidence that perturbations in creek water 
quality and biota originating from shrimp water discharge are temporary. 

 The dilution experiments showed that grazing rates by microzooplankton within the mangrove creeks 
that receive effluent from shrimp farms removed in excess of 100% of production by phytoplankton 
and bacteria. 

 The ratio of shrimp farm discharge volume to tidal creek volume in this study (approximately 2%) 
causes temporary perturbations in creek water quality and biota. 

 In addition to an increased particulate load, substantial additions of bacteria and phytoplankton to the 
creek system occur when effluent is discharged.  These organisms, together with those occurring 
within the natural creek communities, continue to grow and assimilate dissolved nutrients. 

 ‘Water Column Production and Nutrient Characteristics in Mangrove Creeks Receiving Shrimp Farm 

Effluent’ - A.D. McKinnon, L.A. Trott, D.M. Alongi and A. Davidson - Aquaculture Research, 2002, 33, 55 
– 73 

 Water column processes in undisturbed mangrove creeks and in creeks receiving effluent from 
shrimp farms in North Queensland were studied.  Our results suggest that water column production 
by phytoplankton and bacteria strips nutrients from shrimp farm effluent and re-packages them in 
more bioavailable forms. 

 Our results confirm previous work that dissolved nutrient concentrations are not elevated in tidal 
mangrove creeks receiving shrimp farm discharges. 

 Mangrove creeks have naturally high nutrient and particle concentrations, which are partly controlled 
by physical processes. 

 Greatly elevated chlorophyll a concentrations associated with the discharge of pond water were 
restricted to the upper reaches of Pig Creek and Muddy Creek.  This pronounced decrease in 
phytoplankton biomass is due in part to tidal flushing and dilution, but also as a result of increased 
grazing pressure by zooplankton in the mixing zones of the creeks. 

 A common observation in our experiments was an increase in production downstream of the 
discharges from the ponds.  Nevertheless, in the lower reaches of the estuary, primary production 
rates had fallen to levels only marginally higher than offshore. 

 Our water quality results confirm those of earlier studies by Trott and Alongi (2000), who found no 
difference in TSS and dissolved nutrients between impacted and non-impacted estuaries. 

 These results confirm the general notion that shrimp farm effluent is considerably less polluting than 
domestic or industrial wastewater, and that mangrove creeks, which naturally have high organic 
loading originating from mangrove detritus, have a high natural assimilative capacity. 

 Very high rates of production by both phytoplankton and bacteria suggest that the activity of these 
organisms, coupled with dilution and mixing of the tidal waters, is the primary mechanism controlling 
dissolved nutrient concentrations in these creeks.  Sedimentation may be important in the upper 
reaches of these estuaries, and tidal dilution in the lower reaches.  However, physical mechanisms 
alone are not sufficient to explain the rapid decline in standing stocks of materials originating from the 
shrimp ponds to levels within the natural range of variation in tropical coastal waters.  The 
transformation of much of the material into more bioavailable forms signals the importance of grazing 
and respiration in dissipating the effluent signal within the estuary. 
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 ‘Assessing the Influence and Distribution of Shrimp Pond Effluent in a Tidal Mangrove Creek in North East 

Australia’ – S. D. Costanza, M. J. O’Donoghue, W. C. Denison - Marine Pollution Bulletin, 48 (2004) 514 
– 525 

 At all times, physical/chemical parameters at the mouth of the effluent creek were equivalent to control 
values, indicating effluent was contained within the effluent receiving creek. 

 Studies using physical/chemical parameters have identified that symptoms of aquaculture effluent 
(e.g. elevated nutrient and chlorophyll a concentrations) are only measurable in close proximity to the 
discharge point. 

 The influence of shrimp effluent was contained within the effluent creek. 

 It would suggest that the influence of effluent is contained within creek.   

 It is apparent that the effluent creek is acting to assimilate a large component of the waste from the 
shrimp farm, a feature dependent on the nature of the receiving creek (i.e. length, depth, 
hydrodynamics, vegetation). 

 ‘Assessing Ecological Impacts of Shrimp and Sewage Effluent: Biological Indicators with Standard Water 

Quality Analyses’ – A.B. Jones, M.J. O’Donoghue, J. Udy and W.C. Dennison - Estuarine, Coastal and 
Shelf Science (2001), 52, 91 – 109 

 Impacts from the shrimp and sewage effluent discharge into the two creeks were significantly 
different, both within the creeks and in the receiving waters. 

 Physical and chemical water quality analyses concluded that there was no influence by either the 
shrimp or sewage effluent at the midway site, which is approximately 750 m from each creek mouth.  
This is consistent with the findings of Samocha and Lawrence (1997), who found that shrimp effluent 
could not be detected at a distance of 400m from the source and Hensey (1991), who observed no 
impacts from fish farming using water quality sampling techniques.  These results indicate that the 
nutrients are being taken up by the system (sediments and biota), reduced by dilution, or being lost 
to the atmosphere through volatilisation and denitrification. 

 This suggests that the system was assimilating the nutrients being discharged. 

In regard to the text shown in red above, we can confirm as follows with respect to the CBC/BMC discharge. 

 Daily wastewater discharge will ultimately be some 11,000 m³/day. 

 The ‘volume of incoming tidal water’, if interpreted as being the tidal prism for Wheatley Creek, is 
approximately 6.1 x 106 m³/day (spring tide estimate 5x106 m3/day, neap tide estimate 1x106 m3/day, two 
tides per day, averaging spring – neap with a 12.5 hr tidal cycle). 

 ‘tidal creek volume’, if assumed as being the volume below Mean Sea Level, for Wheatley Creek is 
approximately 2.8x106 m3. 

With respect to the flushing metric of Trott and Alongi (2000), the proposed discharge will have an average 
dilution ratio of 0.18%, far below their metric of 12%. 

With respect to the flushing metric of McKinnon et al. (2002), the proposed discharge will have a ratio of 
discharged to tidal creek volume of 0.4%, far less than their value of 2%. 

Both of the above indicate that, proportionally, Wheatley Creek will receive a far smaller relative discharge of 
wastewater than those estuaries studied.  Hence, any potential water quality impacts should be proportionally 
far less than their cases.  Importantly, they also showed no impacts in regard to water quality in the estuaries 
that they investigated, even though they received a proportionally far greater discharge. 
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7. Conclusions  

The above discussion has focused on the mixing zone that will result from discharge from the proposed facility 
and has shown that this will be contained to a small area of the creek (100m either side of the discharge 
location; i.e. between point 9 and 10 on Figure 1). Within this mixing zone, there will be occasional (potentially 
4-5 times per month - when there are very low tides) exceedances of the interim water quality objectives, for 
limited periods of time (0.5hr). 

As discussed, this prediction is based on conservative modelling assumptions that did not allow for biological 
uptake of nutrients, and the modelling was conservatively based upon a constant discharge in which nutrients 
were at maximum proposed licence conditions at all stages of the tide. As mentioned above, this will not be 
the case in reality and the levels of nutrients in the proposed discharge will likely be at least half the proposed 
licence conditions, and the discharge will not be constant, but will instead occur via an offstream tidal weir and 
pool arrangement which will reduce the predicted peak water quality concentrations that will occur around low 
water slack due to the greater dilution and mixing that will occur within this weir pool. 

As such, predicted exceedances of the guidelines will be infrequent (circa 4-5 times per month), of short 
duration (less than 0.5 hr) and localised (100-200m in extent) and as such are not considered likely to have a 
significant impact upon Wheatley Creek or the benthic and mangrove communities that occur within it. This 
expectation, based on study numerical modelling, is also confirmed by the finding of those wide ranging studies 
reported in the literature review.  

Furthermore, initial discharge stages will be considerably smaller than the ultimate flow of 11,000 m³ per day. 
This will provide ample opportunity to better understand background water quality and associated mangrove 
processes and also for further investigations of the dilution and decay of materials within the earlier stages of 
the discharge to Wheatley Creek to confirm the observations and conclusions of these studies. 
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FIGURE 1 ADDITIONAL MODEL INTERPRETATION LOCATIONS 

  

Discharge
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FIGURE 2 TN INTERPRETATIONS - SHOWING THE ADDITIONAL TN CONCENTRATIONS DUE TO THE 
PROPOSED DISCHARGE 
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FIGURE 3 TP INTERPRETATIONS - SHOWING THE ADDITIONAL TP CONCENTRATIONS DUE TO THE 
PROPOSED DISCHARGE 
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FIGURE 4 TN INTERPRETATION - SUPERIMPOSING THE INFLUENCE OF THE DISCHARGE ON 
BACKGROUND WATER QUALITY LEVELS 
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FIGURE 5 TP INTERPRETATION - SUPERIMPOSING THE INFLUENCE OF THE DISCHARGE ON 
BACKGROUND WATER QUALITY LEVELS 
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FIGURE 6 MODEL PERCENTILE PLOT AT ‘OUTFALL’ REPORTING LOCATION  

 

FIGURE 7 SHORT TIME PERIOD MODEL PREDICTION ILLUSTRATING THE HIGHLY TEMPORAL NATURE OF 
MIXING ZONE DEVELOPMENT 
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