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Report Objective 
As part of the Town of Ajax Part II Order Request, Dr. Auer performed a field study entitled “Field Studies of 
Phosphorus and Cladophora in Lake Ontario along the Ajax, Ontario Waterfront” (herein referred to as Auer Field 
Study).  To respond to issues raised in the Auer Field Study, a review of the literature regarding Cladophora algae 
in Lake Ontario has been completed by Dr. Hecky (presented in Appendix A of this response), and a review of the 
Auer Field Study has been completed by Hutchinson Ltd (presented in Appendix B).  The objective of this report is 
to provide a further response to the Auer Field Study.  In particular, this response is aimed at concerns relating to 
the contribution of phosphorus input from the WPCP to the nearshore by undertaking additional hydrodynamic 
lake modelling.  The additional modelling approach and results were peer reviewed by Dr. Alex McCorquodale, an 
expert in environmental modelling from the University of New Orleans.
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 Introduction  
The Schedule C Class Environmental Assessment titled “Addressing Outfall Capacity Limitations at the Duffin Creek 
Water Pollution Control Plant”, herein referred to as the Outfall Class EA, completed by the Regional 
Municipalities of Durham and York was filed for public review in November of 2013.  As part of the Part II Order 
request from the Town of Ajax, Dr. Martin Auer performed a field study, herein referred to as the Auer Field 
Study, to assess whether the phosphorus discharged to the Ajax nearshore from the Duffin Creek Water Pollution 
Control Plant (WPCP) was causing or contributing to the excessive growth of algae occurring along the Ajax 
waterfront. The Auer Field Study had five primary points:  

• Point 1 - The Duffin Creek WPCP discharge to Lake Ontario at Ajax establishes an effluent plume of 
bioavailable phosphorus, soluble reactive phosphorus (SRP), which overlies segments of the lake bottom that 
has physical conditions capable of supporting the growth of attached algae and stimulates the growth of 
Cladophora algae across the Ajax nearshore. 

• Point 2 - The bioavailable phosphorus supplied by the Duffin Creek WPCP plume leads to enrichment of the 
stored phosphorus (tissue P) content of Cladophora, achieving levels supporting nuisance conditions. The 
degree of phosphorus enrichment, and thus Cladophora growth and productivity, is highest in proximity to 
the Duffin Creek WPCP outfall and decreases with distance from that nutrient source. 

• Point 3 - The level of phosphorus enrichment, and the resulting levels of Cladophora biomass and 
productivity, associated with the Duffin Creek WPCP outfall are well above those characteristic of sites on 
Lake Ontario less impacted by urban activity.   

• Point 4 - Based on the foregoing, and given that the Duffin Creek WPCP effluent is by far the largest 
phosphorus input to the Ajax nearshore, that source may be considered the proximal cause of the Cladophora 
problem and the appropriate focus for efforts to remediate conditions of nuisance algal growth. 

• Point 5 - The Duffin Creek WPCP is slated to substantially increase the amount of phosphorus that it 
discharges to Lake Ontario. The impact of this increase, absent a reduction in effluent phosphorus 
concentrations and/or relocation of the outfall, will be greater stimulation of Cladophora growth and 
exacerbation of the nuisance algae problem. 

Peer reviewers, Dr. Neil Hutchinson and Dr. Dennis Gregor, have provided a response to the first four points in 
Appendix B of the Part II Order request response. This Appendix C provides a response to the fourth and fifth 
point, in particular the following statements in the Auer Field Study: 

• Duffin Creek WPCP discharges 85% of the total phosphorus (TP) and 98% of the SRP [soluble reactive 
phosphorus] to the Ajax nearshore (page 26) 

• The amount of phosphorus being discharged to the Ajax nearshore has the potential to increase by almost a 
factor of 3 (page 4) 
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 Summary of Response 
For total phosphorus, the Duffin Creek WPCP contributes 16% of the TP to the Ajax-Pickering nearshore, much 
lower than 85%. Dr. Auer’s assessment was based on a simple comparison of loads from the Duffin Creek WPCP 
to loads from the Duffins and Carruthers Creek during the period of 2007-2009. Important sources of TP to the 
study area were discounted from the assessment including background concentrations of TP within the lake. The 
Auer Field Study also does not use a model to account for the difference in dispersion rates for TP discharged 1 
km offshore (the WPCP outfall diffuser) and at the immediate shoreline (Duffins Creek).   

For soluble reactive phosphorus, invasive dreissenid mussels are estimated to contribute as much as twice the 
SRP as the Duffin Creek WPCP to the Ajax-Pickering nearshore. Dr. Auer’s assessment was based on a simple 
comparison of loads from the Duffin Creek WPCP to loads from the Duffins and Carruthers Creek during the 
period of 2007-2009. Important sources of TP to the study area were discounted from the assessment including 
background concentrations of SRP from the open lake, and SRP from the excretion of mussels. Also based on the 
2007 to 2013 water quality monitoring program in the Ajax-Pickering nearshore, SRP levels near the existing 
outfall diffuser are approaching open-water concentrations.   

Soluble reactive phosphorus discharged from WPCP will decrease from historical levels and will not triple. To 
maintain the mass TP loading limit of 311 kg/d as flows increase to 630 ML/d, a greater percentage of SRP will 
need to be removed through the chemical addition phosphorus treatment process. The Auer Field Study 
prediction was based on the following two incorrect assumptions. 

• Assumed a base TP loading of 109 kg/day (2013) and divided the 311 kg/day maximum allowable limit by this 
base. 

• Assumed the increase in SRP loading would be proportional to increase in TP loading.  

The first assumption does not take into consideration that the WPCP has historically experienced TP loading 
upwards of 255 kg/day on a yearly average basis and monthly values that have occasionally exceeded 311 kg/d.  
Through the Stage 3 Expansion Class EA, the Regions worked with the Ministry of Environment and Climate 
Change (MOECC) to establish stricter effluent requirements, such that the Duffin Creek WPCP now provides 
nitrification and enhanced phosphorus removal.  Since the Stage 3 Expansion came into effect in 2009, the WPCP 
has been operating at a much lower yearly TP loading (around 100 kg/day) because the treatment processes are 
designed for a higher flow capacity of 630 MLD.     

The second assumption is not valid since the increase in SRP loading will not be proportional to the increase in TP 
loading. If the WPCP operates at its compliance limit of 311 kg/d, the SRP load at 630 MLD is predicted to be 84 
kg/day, which is much lower than the calculated loads for 2007 and 2008 which were 121 and 119 kg/day 
respectively. The reason is that the phosphorus removal at the WPCP is achieved through chemical addition which 
will remove a higher percentage of SRP at 630 MLD to meet the loading limit of 311 kg/day.  
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 Duffin Creek WPCP is a Minor Contributor of 
Total Phosphorus to the Ajax-Pickering 
Nearshore  

The fourth point from the Auer Field Study is that: “based on the foregoing, and given that the Duffin Creek WPCP 
effluent is by far the largest phosphorus input to the Ajax nearshore, that source may be considered the proximal 
cause of the Cladophora problem and the appropriate focus for efforts to remediate conditions of nuisance algal 
growth.”  

The statement in the Auer Field Study that supports the point that the Duffin Creek WPCP effluent is the largest 
phosphorus input to the Ajax nearshore is: The Duffin WPCP discharges 85% of the total phosphorus and 98% of 
SRP to the Ajax nearshore (page 26). 

For total phosphorus, Dr. Auer uses a simple mass balance comparison of selected loads from the Duffin Creek 
WPCP to loads from the Duffins and Carruthers Creek during the period of 2007-2009. Important sources of 
phosphorus to the study area are discounted from this assessment including longshore transport of phosphorus 
from WPCP’s and tributary sources other than those in the immediate study area, as well as background 
concentrations of phosphorus within the lake. In addition, Dr. Auer does not use a model to account for the 
difference in dispersion rates for phosphorus discharged 1 km offshore (the WPCP outfall diffuser) and at the 
immediate shoreline (Duffins Creek). 

This Outfall Class EA used hydrodynamic modelling as the basis for assessing environmental effects on the natural 
environment with respect to aquatic habitat and algae growth, and on the social/cultural environment with 
respect to beaches and water intakes.  

The MIKE-3 model is a 3-dimensional, hydrodynamic model that was used to simulate the behaviour of the 
effluent plume in the far-field region where momentum of the effluent jet has dissipated; it is one of the few 
models that is accepted by the MOECC for this purpose. This model was developed and reviewed by experts in 
water quality modelling, and calibrated using the best, most complete data available. In particular: 

• The model is based on 56 water quality stations in the Ajax-Pickering nearshore, 4 lake current stations, 
published tributary phosphorus loading data, local wastewater treatment plant phosphorus loading data. 

• The calibrated model has been reviewed by a Peer Review expert and confirmed to be acceptable for 
predicting the behavior of the effluent plume. 

• Model results have been reviewed and commented on by MOECC and TRCA experts and the peer reviewer 
expert. All suggestions made during the review process have been incorporated into the models. 

• Model results have been checked against actual water quality measurements with favourable results. 

The calibrated MIKE-3 model used in the ESR was also used to estimate the percent contribution of total 
phosphorus (TP) to the Ajax-Pickering nearshore for this response.  

The modelling approach, analysis, conclusions, and peer review are detailed in this section.  

3.1 Model Input Data 
The calibrated MIKE-3 model was supplemented with three sets of flow and TP loading data: 

• Tributary Data – Six tributaries were selected from Rouge River to Harmony Creek (Pickering to Oshawa) 
which are key tributary point source loads that impact the Ajax-Pickering nearshore. Data from the year 2008 
was selected since it had the most comprehensive dataset. Average TP loading data was taken from 
Makarewicz et al (2012) as detailed in Table 1. Flow data was taken from the Environment Canada (2014), 
Water Survey of Canada.  
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APPENDIX C:  
RESPONSE TO DR. AUER’S 2014 “FIELD STUDIES OF PHOSPHORUS AND CLADOPHORA IN LAKE ONTARIO ALONG THE AJAX, ONTARIO WATERFRONT” 

TABLE 1  
Annual Average of Tributary Loadings Included in the MIKE-3 Model 

Tributary Source TP Loading, kg/d (average for 2008) Flow, m3/s (average for 2008) 

Highland Creek 71.0 1.80 

Rouge River 76.4 4.84 

Duffins Creek 40.5 4.16 

Lynde Creek 18.7 1.68 

Oshawa Creek 17.0 1.77 

Harmony Creek 17.0 0.85 

 

• Wastewater Treatment Plant Data – Three wastewater treatment plants were selected including the 
Ashbridges Bay Wastewater Treatment Plant (WWTP), Highland Creek WWTP, and Duffin Creek WPCP. Data 
from their 2008 annual reports were used, corresponding to the same year as the data used for the tributary 
loads (see Table 2). A separate model run was performed using the rated capacity of the Duffin Creek WPCP 
which has a flow of 630 million litres per day (MLD) and a TP loading limit of 311 kg/d which represents the 
worst-case situation (compliance limit). The plant performs at an operating objective well below the limit.  

TABLE 2   
Annual Average of Tributary Loadings Included in the MIKE-3 Model 

Tributary Source TP Loading, kg/d (average for 2008) Flow, MLD   (average for 2008) 

Ashbridges Bay WWTP  464 653 

Highland Creek WWTP 110 181 

Duffin Creek WPCP 248 354 
 

• Ambient Lake Data – An ambient concentration for total phosphorus of 0.008 mg/L was used based on the 
average of TP concentrations measured by the TRCA from 2007 to 2009 at eight transect points located 3 km 
offshore. This concentration is consistent with the concentration of TP in the offshore of Lake Ontario for 
2008 as reported by Dove (2009). 

3.2 Model Runs 
The calibrated MIKE-3 model was run in steady-state with constant flows and TP loading from the tributaries and 
three WPCPs including Duffin Creek WPCP, Ashbridges Bay WWTP and Highland Creek WWTP. Runs were 
performed to predict the TP loading from the plant for both the 2008 flows and loading, and the rated capacity of 
630 MLD and mass loading limit of 311 kg/d The following model runs were selected in order to isolate the 
percent TP contribution from: (1) the Duffin Creek WPCP; (2) the tributaries + Ashbridges Bay WWTP + Highland 
Creek WWTP; and (3) ambient lake water. 

1. 2008 input data from tributaries + Duffin Creek WPCP + Ashbridges Bay WWTP + Highland Creek WWTP 

2. 2008 input data from tributaries + Ashbridges Bay WWTP + Highland Creek WWTP + rated compliance loading 
limits for the Duffin Creek WPCP of effluent TP = 311 kg/d 

3. 2008 input data from tributaries + Ashbridges Bay WWTP + Highland Creek WWTP (this run excludes inputs 
from Duffin Creek WPCP) 

3.3 Model Output Data Analysis 
Average TP concentrations from the MIKE-3 output file were uploaded to a spreadsheet where every cell in the 
spreadsheet represented one 90m grid from the MIKE-3 model. The data was organized into layers at 0-4, 4-6, 
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6-8, 8-10, 10-12, and 12-14 m water depths. For cells that represented land, either at the shoreline or because 
lake bottom is reached at that depth for that particular cell, a TP concentrations of “-1E-30” was used as a 
placeholder to represent a concentration of zero.  

Macros in Microsoft Excel were used to calculate the average TP concentration for every range of water depth for 
the Ajax-Pickering border (Rouge Bay to the west and Lakeridge Road to the east as shown in Figure 1). Table 3 
provides the percent contribution using the 2008 data from the Duffin Creek WPCP. Table 4 provides the percent 
contribution using the Duffin Creek WPCP rated capacity of 630 MLD and mass loading limit of 311 kg/d. 

FIGURE 1  
Model Data Analysis Boundary (Ajax-Pickering Nearshore) 

` 

TABLE 3   
TP percent contribution using the 2008 data from the Duffin Creek WPCP 

Depth, m Duffin Creek WPCP  Tributaries and Other Plants  Ambient Lake 

0 - 4 9% 45% 45% 

4 - 6 13% 32% 55% 

6 - 8 16% 22% 62% 

8 - 10 21% 16% 63% 

10 - 12 19% 13% 68% 

12 - 14 16% 12% 72% 

Total 16% 20% 64% 
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TABLE 4  
TP % contribution using Duffin Creek WPCP rated capacity of 630 MLD and mass loading limit 311 kg/d 

Depth, m Duffin Creek WPCP  Tributaries and Other Plants  Ambient Lake 

0 - 4 12% 44% 44% 
4 - 6 16% 31% 53% 
6 - 8 20% 21% 59% 

8 - 10 25% 15% 59% 
10 - 12 24% 13% 64% 
12 - 14 21% 11% 68% 
Total 21% 19% 60% 

 

3.4 Sensitivity to Ambient TP 
Sensitivity analyses were performed to identify the impact of assumptions about ambient TP on the relative 
contributions of TP to the Ajax-Pickering nearshore. The results presented in Table 5 indicate that varying the 
ambient TP concentration by +/- 1 ug/L impacts assumptions about the contribution from the Duffin Creek WPCP 
by 3% which is negligible. Therefore using an ambient concentration between 0.007 mg/L and 0.009 mg/L will 
yield similar results demonstrating that the ambient contribution of TP to the nearshore is significant. 

TABLE 5  
Sensitivity analysis of TP % contribution to the ambient TP concentration for model run using 2008 data 

Ambient Concentration (mg/L) DC WPCP (Only) All Tributaries (Only) Ambient 

0.007 18% 22% 60% 

0.008 16% 20% 64% 

0.009 15% 18% 66% 

 

3.5 Findings  
The MIKE-3 model predicted that the tributaries, other WWTP, and ambient lake water contribute 5 times the TP 
load to the Ajax-Pickering nearshore than the Duffin Creek WPCP for both 2008 conditions and at the rated 
capacity of the Duffin Creek WPCP. Also, as illustrated in Figure 2, the tributaries have a much greater 
contribution (3 to 5X) compared to the Duffin Creek WPCP at the shoreline between water depths of 0 and 4 m. 
This is the expected outcome because the tributaries discharge directly along the shoreline. Figure 3 shows the 
results from a plan view. 

The statement made in the Auer study that the Duffin Creek WPCP discharges 85% of the TP to the Ajax nearshore 
is not supported by the findings from this modelling which predicted that the Duffin Creek WPCP contributes 
between 16% for 2008 conditions, and 21% at 2031 conditions when the plant is expected to reach its rated 
capacity of 630 MLD.  
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FIGURE 2  
Relative Contribution of TP from Different Sources to the Ajax-Pickering Nearshore – Profile 
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FIGURE 3  
Relative Contribution of TP from Different Sources to the Ajax-Pickering Nearshore – Plan View  
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3.6 Peer Review 
At each phase of the Outfall Class EA, Dr. Alex McCorquodale performed an independent peer review of the 
lake modelling component of the assessment including the baseline modelling, the modelling of alternative 
solutions, and the methods for implementing the preferred alternative solution. Dr. McCorquodale is from 
the University of New Orleans and is renowned for coastal ecosystem assessment, environmental modelling 
and has conducted both one dimensional and three dimensional modelling of waste water outfalls in the 
Great Lakes and connecting channels.  

In June of 2014, Dr. McCorquodale performed a peer review of the hydrodynamic modelling for this 
response to the Auer Field Study. Dr. McCorquodale was in agreement with the approach and made some 
suggestions on the graphical representation of the results. The full peer review document is provided in 
Attachment 1 to this Appendix C.  

Key comments and conclusions from Dr. McCorquodale’s peer review are listed below. 

• This response has presented the results of a state of the art 3D model to assess the relative 
contributions of the Duffin Creek WPCP, the ambient loading and the tributary/other WWTPs to 
shoreline TP concentration. The plumes from the outfall diffusers and the shore based sources are highly 
dynamic.  

• This response uses MIKE-3 to obtain the spatial-temporal distribution of the TP in the system. The data 
allows for statistical analysis to better reveal the TP distribution by source.   

• The modelling and analysis show that the Duffin Creek WPCP does not contribute the extremely high 
(85%) impacts stated by the Auer Report. 

• Dr. Auer’s statement, on page 26 of his report, that 85% of load TP in the Ajax beach area comes from 
the Duffin Creek WPCP refers to the period of 2007-2009 and is based on the estimated summer loads 
from Duffins Creek and the Duffin Creek WPCP. He [Dr. Auer] has taken the plant TP loads for this period 
and made a comparison with his estimate of the local tributary TP loads. The greatest loads from the 
tributaries are usually due to spring runoff which he appears to have excluded. Some of the TP from this 
runoff will remain in the nearshore areas and will be subject to recycling by currents and waves.  
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 Duffin Creek WPCP is Minor Contributor of 
Soluble Reactive Phosphorus to the Ajax-
Pickering Nearshore  

The fourth point from the Auer Field Study is that: “based on the foregoing, and given that the Duffin Creek 
WPCP effluent is by far the largest phosphorus input to the Ajax nearshore, that source may be considered 
the proximal cause of the Cladophora problem and the appropriate focus for efforts to remediate conditions 
of nuisance algal growth.”  

The statement in the Auer Field Study that supports the point that the Duffin Creek WPCP effluent is the 
largest phosphorus input to the Ajax nearshore is: The Duffin WPCP discharges 85% of the total phosphorus 
and 98% of SRP to the Ajax nearshore (page 26). 

For SRP, Dr. Auer’s assessment was based on a simple comparison of loads from the Duffin Creek WPCP to 
loads from the Duffins and Carruthers Creek during the period of 2007-2009. Important sources of SRP to 
the study area were discounted from the assessment including background concentrations of SRP from the 
open lake, and SRP from the excretion of mussels. 

As part of the response to Part II Order requester concerns, a thorough literature review of Cladophora 
algae was performed by Dr. Hecky (refer to Appendix A of this response report) and a review of the Auer 
Field Study was performed by Dr. Hutchinson and Dr. Gregor (refer to Appendix B of this response report).  

As detailed in both Appendix A and Appendix B, invasive dreissenid mussels are estimated to contribute 
twice the SRP as the Duffin Creek WPCP to the Ajax-Pickering nearshore. As such, the claim that the Duffin 
Creek WPCP contributes 98% is flawed. 

Also based on the 2007 to 2013 water quality monitoring program in the Ajax-Pickering nearshore, SRP 
levels near the existing outfall diffuser are approaching open-water concentrations as illustrated in Figure 4 
(Nutrient Sources, 2014).  As stated by Dr. Hecky in Appendix A, the “lower range suggested for control [of 
Cladophora] overlaps concentrations often observed in the open lake and are at or below the limit of 
detection with standard methods of measuring SRP.  This opens up the possibility that the open lake can be 
an important source of P[hosphorus] to drive Cladophora growth.” 
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FIGURE 4  
Water Quality Monitoring Results – SRP – 2007 to 2013 
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 WPCP is Not Slated to Substantially 
Increase the Amount of Phosphorus 
Discharged to Lake Ontario  

The fifth point from the Auer Field Study is: “the Duffin Creek WPCP is slated to substantially increase the 
amount of phosphorus that it discharges to Lake Ontario. The impact of this increase, absent a reduction in 
effluent phosphorus concentrations and/or relocation of the outfall, will be greater stimulation of 
Cladophora growth and exacerbation of the nuisance algae problem.”  

The statements in the Auer Field Study that support the point that the Duffin Creek WPCP effluent is slated 
to substantially increase the amount of phosphorus discharged to Lake Ontario include: 

The Duffin Creek WPCP is not yet operating at its maximum approved flow rate and is, therefore, not 
delivering its maximum allowable phosphorus load. The amount of phosphorus being discharged to 
the Ajax nearshore has the potential to increase by almost a factor of 3 under the EAC approved for 
the Duffin Creek WPCP. – page 4 

For the Jan-Jun interval of 2013, the Duffin Creek WPCP discharge volume was 359 MLD, carrying a 
TP load of 109 kgP/d. Under the approved ECA, the discharge volume can increased by 75% to 
630 MLD and the TP load by a factor of 2.85 to 311 kgP/day. A commensurate increase in SRP would 
be anticipated. – page 57  

These statements from the Auer Field Study fail to recognize two points: 

• The WPCP has historically discharged total phosphorus to the open waters of Lake Ontario at levels 
comparable to the maximum allowable phosphorus load at the approved 630 MLD rated capacity of the 
WPCP.  

• The future predicted SRP loading from the WPCP at 630 MLD will not increase by a factor of 3 but will 
rather decrease from historical values.  

The following two sections provide the background support for these two points.  

5.1 Historical TP Loading 
The Duffin Creek WPCP historically had a TP compliance limit of 420 kg/day.  Further, prior to the 
commissioning of the liquids treatment for the Stage 3 Expansion in 2009, the WPCP operated for years with 
monthly TP loading up to 440 kg/day and with yearly TP loading (averaged monthly) up to 255 MLD as 
shown in Figures 5 and 6 respectively. 

During the Stage 3 Expansion Class EA, when commenting on phosphorus discharges from the Duffin Creek 
WPCP, then Minister of the Environment, Laurel C. Broten stated: 

The Regions have revised their proposal to limit the phosphorus loading during the interim period … 
to a maximum of 311 kg/day on an annual average basis, although the current phosphorus loading 
compliance limit is 420 kg/day. This is intended to ensure that phosphorus loadings will remain at 
levels not significantly different from those achieved over the past three to four years. The 
commitments made by the Regions with respect to phosphorus concentrations and loads will be 
lower than their current approved limits, despite the proposed increase in capacity. 

As flows increase to the WPCP rated capacity of 630 MLD, the Regions agreed not to increase the TP loading 
above a 311 kg/day compliance limit. Since the commissioning of the liquids treatment for the Stage 3 
Expansion in 2009, the WPCP has been operating well below this compliance limit because the treatment 
processes are designed for a flow capacity of 630 MLD.     
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FIGURE 5  
WPCP TP Monthly Loading Trend, 2004 to 2013 

 
FIGURE 6  
WPCP TP Yearly Loading Trend, 2004 to 2013 
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5.2 Future Predicted SRP Loading 
The future predicted SRP loading from the WPCP at 630 MLD will not increase by a factor of 3 but will rather 
decrease from historical values. The following assumptions were used in the Auer Field Study to develop the 
factor of 3: 

• Assumed a base TP loading of 109 kg/day (2013) and divided the 311 kg/day maximum allowable limit 
by this base. 

• Assumed the increase in SRP loading would be proportional to increase in TP loading.  

Regarding the first assumption, the historical yearly TP loading (monthly average) prior to the 
commissioning of the liquids treatment for the Stage 3 Expansion in 2009, was upwards of 255 kg/day. Since 
the Stage 3 Expansion, the WPCP has been operating at a much lower yearly TP loading (around 125 kg/day) 
because the treatment processes are designed for a higher flow capacity of 630 MLD. Currently, the WPCP is 
operating at around 360 MLD. As detailed in Section 4.1, the Auer Field Study references the yearly TP 
loading of 109 kg/day from 2013, but fails to recognize the historical values and context.     

Regarding the second assumption, the increase in SRP loading will not be proportional to the increase in TP 
loading. Table 6 provides the analysis of historical plant data and future predicted WPCP data. The WPCP 
data contains information on regulatory compliance parameters including TP and total suspended solids 
(TSS), but not SRP because SRP is not regulated. With particulate phosphorus being 2% of the total 
suspended solid concentration, the SRP concentrations and loads for 2007-2009 as well as the rated 
capacities of 520 and 630 MLD were calculated.  

As the table shows, if the WPCP operates at its compliance limit of 311 kg/d, the SRP load at 630 MLD is 
predicted to be 84 kg/day, which is much lower than the calculated loads for 2007 and 2008 which are 121 
and 119 kg/day respectively.  

TABLE 6  
Historical and Future Predicted SRP Loading 

Year Plant Flow, 
MLD 

Plant Effluent Calculated SRP 

TP, mg/L TP, kg/d TSS, mg/L TSS, kg/d Conc, mg/L Load, kg/d 

2007 316 0.75 237 18 5,785 0.38 121 

2008 354 0.70 247 18 6,434 0.34 119 

2009 352 0.48 169 17 6,120 0.13 46 

20191 520 0.60 311 18 9,360 0.24 124 

20311 630 0.50 311 18 11,340 0.13 84 
1 Predicted year when plant will reach average daily flows of 520 MLD (outfall rated capacity) and 630 MLD (plant rated 
capacity) 
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FIGURE 7  
SRP Loading from the WPCP – Historical and Future Predicted 

 
The explanation for why a greater percentage of SRP will be removed is as follows. Chemical precipitation of 
phosphorus is achieved by adding a coagulant such as ferric chloride that will precipitate to form chemical 
flocs. These flocs can then remove soluble reactive phosphorus (SRP) through adsorption which immobilize 
the phosphorus in a particulate form that can be captured and removed in the secondary clarifiers. The 
resulting TP in the secondary effluent is thus composed of the remaining SRP not removed through chemical 
precipitation and a small portion of “unsettleable” particulate phosphorus that carries through into the 
effluent. The approach used by plant operators to achieve a lower concentration of total phosphorus in 
secondary effluent is through increased dosing of chemical coagulant to remove a higher fraction of the SRP. 
An important consequence of this is that, when targeting lower concentrations of TP in the secondary 
effluent, the soluble reactive fraction of the TP decreases i.e. there is less SRP. 
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 Conclusion   
The analysis presented in this memo lead to the following three key conclusions: 

• The Duffin Creek WPCP contributes 16% of the TP to the Ajax-Pickering nearshore, much lower than the 
85% claimed by Dr. Auer.   

• For soluble reactive phosphorus, invasive dreissenid mussels are estimated to contribute as much as 
twice the SRP as the Duffin Creek WPCP to the Ajax-Pickering nearshore. Therefore, the WPCP does not 
contribute 98% claimed by Dr. Auer. 

• Soluble reactive phosphorus discharged from WPCP will decrease from historical levels and will not 
triple. To maintain the mass TP loading limit of 311 kg/d as flows increase to 630 ML/d, a greater 
percentage of SRP will need to be removed through the chemical addition phosphorus treatment 
process. 
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By Alex McCorquodale, P.E., P.Eng., Ph.D. 

FIRST DRAFT June 26, 2014 
 

The Technical Memorandum “Outfall EA – Response to Part II Order Concern - Lake 
Modelling” dated June 2, 2014 will be referred to as the Response TM. 

The purpose of the Response TM was to address concerns expressed in the Report “Field Studies 
of Phosphorus and Cladophora in Lake Ontario along the Ajax, Ontario Waterfront” by Dr. M. 
Auer. This is a peer review of this Response TM. 
 

SCOPE 
Major issues raised by Dr. Auer in his report. 

1. Dr. Auer feels that most of the Total Phosphorous (TP)  load (85%) and Soluable 
Reactive Phosphorous (SRP) load (98%) affecting the Ajax shoreline is coming from the 
Duffin Creek WPCP (DC-WPCP). 

2. Dr. Auer indicates that the concentration of SRP is what controls the Cladophora growth 
at this site.  

3. Dr. Auer points out that there are available technologies for TP removal that are better 
than the one selected. 
 

This review is mainly focused on the methodology used to address the first of these issues. The 
second issue of SRP is accepted but the present PWQO only addresses TP.  
 

GENERAL COMMENTS 
 
Dr. Auer’s statement, on page 26 of his report, that 85% of load TP in the Ajax beach area comes 
from the Duffin Creek WPCP refers to the period of 2007-2009 and is based on the estimated 
summer loads from Duffins Creek and the Duffin Creek WPCP. He has taken the plant TP loads 
for this period and made a comparison with his estimate of the local tributary TP loads. The 
greatest loads from the tributaries are usually due to spring runoff which he appears to have 
excluded. Some of the TP from this runoff will remain in the near shore areas and will be subject 
to recycling by currents and waves. Dr. Auer also discounts the loads from other sources such as 
other WWTPs.  I agree with the Response TM that this ‘85%’ statement by Auer does not 
distinguish between load and concentration; the Cladophora growth is a response to the 
concentration of phosphorous (particularly SRP as acknowledged in the Environmental Study 
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Report) and not directly to the system’s phosphorous load. One of the major contributions to all 
TP concentration is the background or ambient concentration due to general lake loading; the 
greatest contribution to the ambient TP concentration is the load to Lake Ontario from the 
Niagara River, followed by the tributaries and then the WPCPs and finally the atmospheric 
loading [Figure A: Donlan et al.]  shown below 
.  

 
Figure A. From Dolan et al. Accessed June 21, 2014. 
http://web2.uwindsor.ca/lemn/ResearchNeedsWorkshop42_files/PDF%20presentations/Dolan%
20Richards%20McGunagle_Great%20Lakes%20TP%20Loading.pdf] 
 
METHODOLGY TO ADDRESS DR. AUER’s COMMENTS 
 
Models have been used for many decades as a tool for predicting changes in water quality related 
drivers such as TP. The models used in this study have been peer reviewed and are accepted by 
the Ontario Ministry of the Environment. Before these models were applied they were calibrated 
and then validated with field observations.  
 
The team chose to apply the calibrated 3-D model that was used in the Environmental Study 
Report to illustrate the relative contributions of the DC-WPCP, the ambient and the shore based 
sources to the TP concentrations at Ajax. They obtained peer reviewed TP loadings for the 
nearby tributaries. TP loads for neighbouring wastewater treatment plants were included as well 
as the DC-WPCP load. Finally the whole lake ambient TP concentration was considered.  One 
advantage of a 3-D model is that it permits the contributions of various sources to be isolated and 
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compared. The model that was used in all of the hydrodynamic studies was MIKE-3. MIKE-3 
had previously been calibrated and validated. In particular the 3-D model accounts for:  
 
The important processes are captured in the 3-D hydrodynamic model (MIKE-3) are: 

a) the MIKE-3 grid is designed to account for the initial dilution of more than 20:1 due to 
momentum; 
b) the mixing due to the rising buoyant plume and buoyant spreading; 
c) the far field mixing due dispersion and turbulent diffusion as the plume gradually 
expands; 
d) hydraulic loading; 
e) mass loading; 
f) unsteady wind shear; 
g) heat loading.  
 

More details of the model are given at: 
(http://www.mikebydhi.com/Products/CoastAndSea/MIKE3/Hydrodynamics.aspx). This is a 
state of the art tool for evaluating transport and mixing in a coastal environment.  To avoid 
boundary condition problems and to account for sources outside of the study area, the model was 
setup for the whole lake with progressively nesting to achieve higher refinement in the area of 
interest. The model has been calibrated and validated using observed currents and temperatures. 
The model results for phosphorous concentration compared favourably with the TRCA field 
transacts (see example in Figure C). The model assumes that TP is conservative substance. In 
addition, the initial and buoyant mixing dilutions were computed using the CORMIX Expert 
Systems Model (http://www.cormix.info/) which is designed for the computation of mixing near 
the diffuser. The CORMIX model confirmed that the outfall and the new diffuser will meet the 
MOE criterion of at least 20:1 initial dilution.  

 
The modelling was based on mean loads from the five tributaries (Highland, Rouge, Duffins, 
Lynde and Harmony Creeks) since these were available in a peered reviewed paper by 
Makarewicz et al. (2012). The mean TP load from the five local tributaries is approximately 240 
kg/d compared a load of 822 kg/d from the closest three wastewater treatment plants (Ashbridge 
Bay, Highland Creek and Duffin Creek). The MIKE-3 model is used to compute the contribution 
to the near shore concentration of TP at Ajax. The ambient TP concentration was taken from 
work by Dove (2009) and is in the range 7-9 ug/L. The model computes the TP concentrations as 
a function of time at all cells in the study area. Each cell size is 90 m by 90 in the horizontal and 
2 m deep.   
  
Figure B from the Response TM (Figure 1) presents an analysis of the distribution of TP from all 
sources in the region of the DC-WPCP. The dominant longshore currents transport the diluted 
plume of TP more or less parallel to the shoreline while passive lateral mixing further dilutes the 
TP concentration in the plume as the spreads towards the shore and offshore. This creates two 
gradients with respect to the track of the plume: one decreasing concentration of TP towards 
shore and the other decreasing concentration of TP towards the open water as shown in Blue 
Figure B (Figure 1 from the Response TM).  The 3-D model shows that the average track of the 
plume is in the longshore direction. A shoreline source, e.g. a tributary has very low offshore 
momentum and tends to hug the shoreline with a decreasing concentration in the offshore 
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direction as shown in Red in Figure D (Figure 1 from the Response TM). These gradients are 
consistent with Fick’s Law.  

 
Figure B: From Figure 1 of the Response TM (CH2MHill 2014) 

 
The analysis summarized in Figure B shows that in the shallow water the ambient concentration 
and the shore based plus other WWTPs loadings are dominant. At the depth of the outfall (8-10 
m) the ambient concentrations are still dominant but concentrations due to the DC-WPCP are 
greater than the concentrations due to the shore based sources.    

 
The trends shown m Figure B are consistent with the Toronto Region Conservation Authority 
Transects (TRCA) of measured TP concentration in the vicinity of Duffins Creek and the Duffin 
Creek WPCP Outfall (Figure C). These clearly show an increasing concentration from offshore 
towards the shoreline with a ‘hotspot’ at Duffins Creek (see Figure C below extracted from Lake 
Ontario Model Calibration and Baseline Scenario (Revised) 2012). This TP pattern near the 
shoreline indicates that there is an offshore flux due to lateral mixing. Interestingly, the field 
observations do not show a ‘hotspot’ at the diffuser of the outfall. The 3-D modeling with plant 
and tributary inputs was in general agreement with the field observations but in terms of the 
higher concentrations along the shoreline; however, the modeling indicated a plume about 1 km 
from the shoreline.  
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Figure C: MIKE-3 Model Validation with TRCA TP transects. 
http://theskua.com/wqapp/wqapp.html 
 

OTHER CONSIDERATIONS 
It appears that Dr. Auer did not use a hydrodynamically based model to determine the behaviour 
of plume from the outfall diffuser and its interaction with the coastal circulation. 
 
The present outfall at the DC WPCP has a staged diffuser with fixed opening nozzles; in the 
proposed diffuser, the fixed nozzles will be replaced by variable area nozzles (duck-bill type) 
which are designed to improve the initial mixing and meet the minimum MOE criteria for 
minimum initial dilution (i.e. 20:1). As a result future TP concentrations will be reduced in the 
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near field compared to an option with fixed opening nozzles. In addition, the new nozzles have a 
greater exit velocity which will help push the plume further offshore. 

 
 

The statement in the Response TM: “In addition, Dr. Auer does not use a model to account for 
the difference in dispersion rates for TP discharged 1 km offshore (the WPCP outfall diffuser) 
and at the immediate shoreline (the Duffins Creek).” is supported by classical literature on lateral 
mixing (Fischer et al.1979); the lateral diffusivity is proportional to the water depth and the local 
currents both of which increase in the offshore direction. In addition the shoreline discharges 
have low offshore momentum and tend to attach to the shoreline further reducing the mixing.    

 

The Michigan Tech imagery classification of SAV (Michigan Tech Research Institute: 
http://geodjango.mtri.org/static/sav/.) indicates that the extent of SAV between Toronto and 
Oshawa is not limited to the Ajax area but is a general problem (see Figure D below).  

 

 
Figure D: The Michigan Tech imagery classification of SAV 

The statement by Dr. Auer that the TP loading will become worse in the future should be 
clarified to mention that after Phase 3 Expansion the permitted TP mass loading is 311 kg/d with 
a TP limit of 0.8 mg/L which represents a decrease from 420 kg/d  and 1.0 mg/L before the 
Expansion. The plant has consistently operated well below the Permit limits.  
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SUGGESTIONS 
A map showing the recent modelling results in terms of depth average TP isopleths would help 
to clarify the interaction of the DC-WPCP with the ambient and shore based sources. A figure 
similar to Figure C above should be included.  

CONCLUSIONS 
The Response TM has presented the results of a state of the art 3-D model to assess the relative 
contributions of the DC-WPCP, the ambient loading and the tributary/other WWTPs to shoreline 
TP concentration. The plumes from the outfall diffusers and the shore based sources are highly 
dynamic. This Response TM uses MIKE-3 to obtain the spatial-temporal distribution of the TP 
in the system. These data allows for statistical analysis to better reveal the TP distribution by 
source.  The modelling and analysis show that the DC-WPCP does not contribute the extremely 
high (85%) impacts stated by the Auer Report. 

REFERENCES 
CORMIX Expert Systems Model (Accessed 2014). (http://www.cormix.info/) 
 
Danish Hydraulics Inc. (Accessed 2014). 
(http://www.mikebydhi.com/Products/CoastAndSea/MIKE3/Hydrodynamics.aspx). 
 
Dave Dolan, Pete Richards and Kevin McGunagle. (Accessed June 21, 2014).  
http://web2.uwindsor.ca/lemn/ResearchNeedsWorkshop42_files/PDF%20presentations/Dolan%
20Richards%20McGunagle_Great%20Lakes%20TP%20Loading.pdf] 
 

Dove, A. (2009) Long-term trends in major ions and nutrients in Lake Ontario. Aquatic 
Ecosystem Health & Management. 12(3): 281-295. 
http://dx.doi.org/10.1080/14634980903136388 

Fischer, H., List, E.J., Koh, R., Imberger, J. and Brooks, N. (1979) “Mixing in Inland and 
Coastal Waters” , Academic Press, New York, NY.  

Makarewicz, J.C., Booty, W.G., Bowen, G.S. (2012). Tributary Phosphorus Loads to Lake 
Ontario. Journal of Great Lakes Research, 2012, 38:14-20. 

Michigan Tech Research Institute: (Excessed 2014). http://geodjango.mtri.org/static/sav/  

Toronto Region Conservation Authority (2007-2009)  TRCA Water Quality Transects: 
http://theskua.com/wqapp/wqapp.html. 

 

 

 

7 
 

http://www.cormix.info/
http://www.mikebydhi.com/Products/CoastAndSea/MIKE3/Hydrodynamics.aspx
http://web2.uwindsor.ca/lemn/ResearchNeedsWorkshop42_files/PDF%20presentations/Dolan%20Richards%20McGunagle_Great%20Lakes%20TP%20Loading.pdf
http://web2.uwindsor.ca/lemn/ResearchNeedsWorkshop42_files/PDF%20presentations/Dolan%20Richards%20McGunagle_Great%20Lakes%20TP%20Loading.pdf
http://geodjango.mtri.org/static/sav/
http://theskua.com/wqapp/wqapp.html

	AppendixC_AuerFieldStudiesResponse
	1 Introduction
	2 Summary of Response
	3 Duffin Creek WPCP is a Minor Contributor of Total Phosphorus to the Ajax-Pickering Nearshore
	3.1 Model Input Data
	3.2 Model Runs
	3.3 Model Output Data Analysis
	3.4 Sensitivity to Ambient TP
	3.5 Findings
	3.6 Peer Review

	4 Duffin Creek WPCP is Minor Contributor of Soluble Reactive Phosphorus to the Ajax-Pickering Nearshore
	5 WPCP is Not Slated to Substantially Increase the Amount of Phosphorus Discharged to Lake Ontario
	5.1 Historical TP Loading
	5.2 Future Predicted SRP Loading

	6 Conclusion
	7 References

	Attachment1-PeerReview
	PEER REVIEW OF
	“Outfall EA – Response to Part II Order Concern - Lake Modelling”
	SCOPE
	GENERAL COMMENTS
	OTHER CONSIDERATIONS
	SUGGESTIONS
	CONCLUSIONS
	REFERENCES





