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Objectives 
The objective of this technical memorandum (TM) is to assess the overall performance and capacity for 
total phosphorus (TP) removal for the Duffin Creek Water Pollution Control Plant (WPCP) at its rated 
capacity of 630 ML/d, using the plant’s present technologies and practices without applying any 
optimization strategies.  This analysis will establish a baseline scenario for comparison with future 
secondary treatment optimization and tertiary treatment options.   

Introduction 
The Regional Municipalities of Durham and York (Regions) are undertaking a Phosphorus Removal 
Action Plan Study (Study) for the Duffin Creek WPCP.  The goal of the Study is to address the PRAP 
requirements as outlined by the Ministry of the Environment and Climate Change (MOECC) Order for 
additional information dated April 4, 2016.  The results of the Study will also provide the Regions with an 
understanding of the performance capability of the Duffin Creek WPCP with respect to total phosphorus 
(TP) removal for the plant in its current configuration and mode of operation, for the currently 
configured plant with an optimized mode of operation, and for the plant configuration modified to 
incorporate a tertiary treatment process.    

This TM documents the following activities: 

• Development of a calibrated model of the Duffin Creek WPCP suitable for assessment of the
flow and load treatment capacity of the plant, and

• Assessment of the overall performance and capacity for total phosphorus (TP) removal of the
plant in its current configuration and mode of operation at its rated capacity of 630 ML/d.

Design Basis 
The Duffin Creek WPCP is a secondary treatment facility consisting of headworks (screening and aerated 
grit removal), rectangular primary clarifiers, aeration basins, round and rectangular secondary clarifiers, 
and liquid chlorine contact chambers for disinfection.  Iron salts are used for chemical phosphorus 
removal and the plant is capable of adding polymer to the secondary clarifiers (although this system has 
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not been used to date).  Waste activated sludge is co-thickened in the primary clarifiers.  Solids handling 
of the raw sludge includes thickening, anaerobic digestion, dewatering, and incineration.  The Duffin 
Creek WPCP also receives hauled septage and solids from other treatment facilities.  Imported solids 
account for approximately ten percent of the total solids that are treated at the plant.  

The Duffin Creek WPCP Stage 3 Expansion project, designed between 2005 and 2007, determined the 
raw sewage flows and loads in the design basis for the current plant. The design, with the operating 
procedures and philosophies documented in the Design Brief, was approved by the Regions as well as 
the Ministry of the Environment and Climate Change (MOECC) in issuance of the current Environmental 
Compliance Approval (ECA) Certificate.  The current ECA, included in Attachment A, outlines the effluent 
requirements for TP removal at the Duffin Creek WPCP: a monthly average effluent TP concentration 
objective and limit of 0.6 mg/L and 0.8 mg/L respectively, and an annual average effluent TP load of 311 
kg/d.  The raw sewage design basis of the Stage 3 Expansion for the Duffin Creek WPCP is summarized in 
Table 1, as well as the raw sewage characteristics from 2016.  As this is the current treatment capacity of 
the existing infrastructure at the Duffin Creek WPCP, the performance assessment documented in this 
TM and in subsequent TMs will be completed using these design conditions. 

Table 1 
Duffin Creek WPCP PRAP Study Raw Sewage Flow and Load Design Basis and 2016 Raw Sewage Characteristics  

 

Parameter Design Basis 2016 Annual Average 

Design Flows   

Annual Average Daily  630 ML/d 318 ML/d 

Peak Hourly  1,575 ML/d 747 ML/d 

Peak Daily 1,010 ML/d 579 ML/d 

Peak Month  760 ML/d 372 ML/d 

Design Loads   

Annual Average BOD5 94,500 kg/d 69,103 kg/d 

Annual Average TSS 166,950 kg/d  96,420 kg/d 

Annual Average TP 3,150 kg/d 2,098 kg/d 

Annual Average TKN 23,310 kg/d 14,012 kg/d 

Maximum Day Load Peaking Factor 1.5 1 2.0 2 

Maximum Month Load Peaking Factor  1.2 1 1.37 3 

1 Design peak loads are applied to each constituent  
2 Highest peak day load in 2016 was observed for TSS 
3 Highest peak month load in 2016 was observed for BOD5 

 

 

Historical Plant Performance  
Over the past ten years, the Duffin Creek WPCP has treated between 316 and 373 ML/d on an annual 
average basis while producing effluent with an annual average TP concentration of 0.31 to 0.75 mg/L. 
For the most recent six year period of 2011 to 2016, when added capacity and improvements 
undertaken as part of the Stage 3 Expansion and Stage 1&2 Upgrades were completed, the average 
annual effluent TP improved to within a range of 0.31 to 0.52 mg/L.  



  DUFFIN CREEK WPCP PRAP STUDY 
PERFORMANCE EVALUATION AND CAPACITY POTENTIAL  

676959 CH2M HILL CANADA LIMITED 3 

Figure 1 shows a time series of historical effluent TP and soluble reactive phosphorus (SRP) 
concentrations for the years 2012 to 2016.  Figure 2 shows the historical plant effluent particulate 
phosphorus (PP) fraction of effluent total suspended solids (TSS) for the same time period.  The average 
effluent PP/TSS ratio is 2.35 percent, with a 95th percentile of 4.0 percent.  

 
Figure 1 
Historical Plant Effluent TP and SRP Concentrations  
 

 
Figure 2 
Historical Plant Effluent Particulate Phosphorus Fraction of Effluent TSS 
 

The utilized plant capacity varied significantly during the period of 2011 to 2016 due to the removal of 
Stage 2 from service for part of 2014 and all of 2015 for refurbishment. Analysis of the historical plant 
performance shows a clear correlation between percent capacity utilization and treatment 
performance, which is a typical observation at wastewater treatment facilities (i.e. as plant capacity is 
approached, deterioration of effluent water quality is observed). This correlation is presented in Figure 
3a and 3b where percentage of plant capacity utilization is calculated in terms of raw sewage flow 
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divided by the treatment capacity of the clarifiers and aeration tanks in operation. Results show that 
effluent TP concentrations of 0.35 mg/L or lower, which were achieved in 2012 to 2014, occurred when 
the percent capacity utilization of the plant was at its lowest. The poorer effluent quality at the higher 
percent capacity utilization experienced in late 2014 and 2015 also suggests that it will not be possible 
to maintain the current level of performance as the influent flows and loads reach the plant’s rated 
capacity with the current operational approach, which includes dual point ferrous chloride dosing to 
meet the effluent TP concentrations outlined in the ECA.  

It is worth noting that, in addition to the strong positive correlation between effluent TP concentrations 
and percent capacity utilization presented in Figure 3b, there is also a strong negative correlation 
between effluent TP concentrations and operating year (presented in Figure 3c). This trend may in part 
be an artefact of the availability of additional treatment capacity following the commissioning of the 
Stage 3 liquids trains in 2010. Nevertheless, even if only the years after commissioning of Stage 3 are 
considered, the data in Figure 3c still supports the conclusion that there has been a trend to 
progressively lower effluent TP concentrations at the Duffin Creek WPCP year-over-year. The reason for 
this trend is not entirely clear but might be a result of increased operator experience with phosphorus 
removal processes introduced as part of the Stage 3 expansion. 

  
Figure 3a 
Historical Plant Performance and Capacity  
Notes: (1) 2014¹: Jan-Sep – Stages 1, 2 and 3 online (2) 2014²: Oct-Dec – Stage 2 removed from service for refurbishment (3) 
Error bars represent monthly minimum and maximum effluent TP 
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Figure 3b 
Historical Plant Performance data vs Percent Capacity Utilization with linear trendline plotted in black demonstrating 
positive correlation 
 

 
Figure 3c 
Historical Plant Performance data vs Operating Year with linear trendline plotted in black demonstrating negative 
correlation 
 

Historical Performance during Cladophora Growth Window  
An analysis of historical daily raw sewage flows and loads was undertaken to assess the frequency and 
magnitude of peak raw sewage flow and load events during the months of April to August.  This time 
period is of interest to PRAP Study stakeholders as it is the timeframe in which Cladophora algal growth 
occurs in Lake Ontario.  Further definition of the Cladophora growth window will be undertaken in a 
subsequent TM (TM 6 – Cladophora Growth Window).   
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Based on a review of historical raw sewage flows from the years 2011 to 2017, all of the historical daily 
flows during the months of April to August are within a peaking factor of 1.9 times the annual average 
raw sewage flow, with a 95th April peak daily flow factor of 1.2.  A similar analysis of raw sewage TP load 
peak factors showed that all of the historical daily raw sewage TP loads during the months of April to 
August are within a peaking factor of 1.6 times the average load, with a 95th percentile peak daily load 
factor of 1.5.  Figure 4 illustrates the probability of daily raw sewage flow peaking factors, showing that 
most daily flows are within a peaking factor of 0.9 to 1.1 times the annual average day flow, and most 
daily loads are within a peaking factor of 0.8 to 1.2 times the average raw sewage TP load. 

Table 2 summarizes the historical monthly average effluent TP and SRP concentrations.  

 

 
Figure 4 
Probability of Historical Peaking Factors for Daily Raw Sewage Flow and TP Load during April to August based on 
2011 to 2016 Data 
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Table 2 
Historical Monthly Average Effluent TP and SRP Loads +/- Standard Deviation of Daily Measurements  

 2012 2013 2014 2015 2016 

Month TP SRP TP SRP TP SRP TP SRP TP SRP 

January N/A N/A 138 ± 67 68 ± 14 106 ± 28 50 ± 26 175 ± 27 129 ± 24 167 ± 36 109 ± 30 

February 175 ± 30 106 ± 25 104 ± 18 51 ± 9 91 ± 11 38 ± 6 169 ± 25 119 ± 28 141 ± 31 85 ± 20 

March 111 ± 23 65 ± 25 81 ± 19 43 ± 12 107 ± 16 46 ± 8 159 ± 21 98 ± 18 166 ± 36 96 ± 31 

April 98 ± 17 54 ± 14 87 ± 25 42 ± 10 110 ± 29 35 ± 9 156 ± 27 98 ± 26 216 ± 33 138 ± 33 

May 96 ± 10 45 ± 11 104 ± 11 62 ± 11 113 ± 20 45 ± 13 190 ± 35 143 ± 34 176 ± 35 114 ± 22 

June 104 ± 38 35 ± 22 133 ± 36 72 ± 39 148 ± 42 96 ± 23 140 ± 35 87 ± 24 164 ± 47 129 ± 45 

July 97 ± 40 56 ± 19 115 ± 19 56 ± 15 112 ± 19 58 ± 13 171 ± 22 127 ± 22 165 ± 28 133 ± 26 

August 88 ± 17 48 ± 17 126 ± 31 82 ± 21 128 ± 27 79 ± 24 151 ± 32 97 ± 16 161 ± 21 116 ± 20 

September 102 ± 28 68 ± 15 158 ± 15 102 ± 18 185 ± 35 136 ± 27 140 ± 23 80 ± 20 157 ± 33 103 ± 31 

October 132 ± 23 92 ± 15 134 ± 24 83 ± 20 159 ± 42 110 ± 40 167 ± 46 99 ± 42 144 ± 27 100 ± 26 

November 122 ± 19 67 ± 15 115 ± 20 69 ± 10 126 ± 23 74 ± 16 154 ± 31 101 ± 27 151 ± 20 113 ± 19 

December  110 ± 16 67 ± 12 113 ± 14 68 ± 10 172 ± 42 120 ± 40 149 ± 23 92 ± 17 154 ± 26 108 ± 21 

Note: shaded months indicate Cladophora growth window 

 

Model Development 
Existing Duffin Creek WPCP 
The Duffin Creek WPCP is an activated sludge plant consisting of three treatment trains equipped with 
headworks, primary clarifiers, bioreactors, secondary clarifiers, and chlorine contact basins.  A process 
flow diagram of the facility is shown in Figure 5 where Stage 1&2 are represented as being combined in 
the left hand train and Stage 3 is represented in the right hand train.  Ferrous chloride is added for 
phosphorus removal and is dosed in two locations: in the grit removal tanks of the headworks facilities 
(primary dosing point) and either the influent or effluent of the bioreactors (secondary dosing point).  
The secondary dosing point is either the bioreactor influent or effluent, but not both at the same time.  
Typically, the secondary dosing point is the bioreactor influent (primary effluent channel).  The Stage 1 
plant is currently not equipped to dose ferrous chloride at the bioreactor effluent.  The plant is also 
equipped with polymer dosing upstream of the secondary clarifiers although this system has not been 
utilized to date.  

The model was developed to represent the current Duffin Creek WPCP liquids treatment processes as 
shown in Figure 5, with the exception of unit processes and systems that have limited or no influence on 
the overall liquids process mass balancing (i.e. headworks, disinfection, and solids handling).   

Model Description  
A dynamic model of the liquid treatment trains at the Duffin Creek WPCP was developed based on the 
Activated Sludge Modelling (ASM) framework developed by the International Water Association (IWA) in 



  DUFFIN CREEK WPCP PRAP STUDY 
PERFORMANCE EVALUATION AND CAPACITY POTENTIAL  

676959 CH2M HILL CANADA LIMITED 8 

the 1980s. The use of ASM models has become the industry standard for simulating biological 
wastewater treatment, including the removal of nitrogen and phosphorus, and its use has been 
formalized by various working groups led by or associated with IWA.  

The power of the ASM approach is to allow for dynamic simulation of key operating variables such as 
sludge production, mixed liquor concentrations, clarifier loading rates, aeration requirements, 
nitrification, denitrification, phosphorus removal, and chemical addition. This allows the effects of 
external factors such as variability in influent flows and loads, temperature, as well as plant operational 
factors (operation of pumps, blowers etc.) to be accounted for as a basis for simulating operating 
conditions, costs, and effluent quality. In other words, “real world” performance, which must respond to 
all of these variable factors, is expressly considered and can be evaluated. 

Since the initial publication of ASM1 by Henze et al. in 1987, numerous updates and expansions have 
been developed and published to incorporate new research and to reflect advances in activated sludge 
technology. The activated sludge model used for this study is an extension of the ASM1 model combined 
with a state-of-the-art chemical phosphorus removal model based on the latest research into the 
mechanisms for complexation of phosphorus with hydrous ferric oxide (HFO), which is the prevalent 
form of precipitated iron in wastewater treatment plants (Szabo et al., 2008; Hauduc et al., 2015). 

To determine the most probable level of phosphorus removal under various flow and loading scenarios, 
a Monte Carlo procedure has been used to account for variability and uncertainty in (1) influent flow 
and loading patterns; (2) pacing of chemical dose to influent phosphorus loading; and (3) secondary 
clarifier effluent TSS concentration as a function of solids loading rates. The Monte Carlo procedure 
involves running multiple simulations with varying projections of the inherent variability of these model 
inputs. This stochastic approach is the industry standard for quantifying statistical variability and/or 
uncertainty so that they can be applied to model outputs.  In addition to model analysis, this stochastic 
approach is also used for setting effluent limits.  For example, a given design must ensure that the 
effluent limits are satisfied almost all the time (i.e. 95th percentile, 99th percentile, 99.5th percentile, or as 
otherwise appropriate, given the risk to the environment associated with that constituent).  To 
illustrate, a non-stochastic approach would generate a result that stated ‘the model predicted an 
effluent value of 0.3 mg/L’ whereas a stochastic approach would enable a statement such as ‘the model 
predicted that the effluent value would be 0.3 mg/L plus or minus 0.1 mg/L, 95 percent of the time’. 
References documenting the application of Monte Carlo analysis to nutrient removal in wastewater 
treatment facilities include Sin et al. (2009) and WERF (2013). 
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Figure 5 
Duffin Creek WPCP Process Flow Diagram 
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Model Inputs 
Model inputs for calibration are specified dynamically at 365 one-day intervals to capture their 
variability over the course of a year. These inputs include: 

• Raw sewage flows, 

• Temperature, 

• Raw sewage constituent loads for BOD, TSS, TKN and TP,  

• Chemical (iron) dosing to primary treatment, 

• Mixing intensity at chemical dosing point upstream of primary treatment, 

• Capture (percent removal) of suspended solids across primary treatment, 

• Chemical (iron) dosing to secondary treatment, 

• Mixing intensity at chemical dosing point to secondary treatment, and 

• Secondary effluent TSS. 

The historical data sets from 2014 and 2015 were used as the basis for model calibration and validation.  
These datasets are appropriate to use for model calibration and validation as they are most recent and 
they are representative of typical plant operations in terms of influent flows and loads.  In addition, as 
Stage 2 was taken offline for part of 2014 and all of 2015 for refurbishment, the plant was operating 
with a higher percent capacity utilization.  Typically, plant performance and operating conditions are 
more variable when operating closer to its rated capacity (i.e. the system is more highly stressed) and 
this variability is useful for evaluating the calibration of the model.   

In 2014 and 2015, the iron dose was on average 1.1 mol Fe per mol of influent TP, which corresponds to 
an average dose of 11 mg Fe/L raw sewage flow.  For the future projections, the model inputs were 
generated based on their historical probability distribution functions with flows and loadings prorated to 
the design annual average flow capacity of 630 ML/d and peak day flow capacity of 1,010 ML/d. This 
approach is discussed in greater detail in Table 8 the section below titled “Model Inputs for Future 
Projections”.  

Model Outputs 
Dynamic simulation of the model at one-day intervals allows for quantification of key variables to assess 
daily discharges of total phosphorus in the final effluent including: 

• TSS and VSS in the primary effluent, 

• Soluble phosphorus converted to particulate form through complexation with iron precipitates 
in primary treatment, 

• Particulate phosphorus removed through sedimentation in primary treatment, 

• Soluble phosphorus and particulate phosphorus in the primary effluent, 

• Total and volatile solids production in the secondary process, 

• Mixed liquor concentration in the secondary process, 

• Particulate phosphorus content of the secondary effluent TSS, 
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• Soluble phosphorus removed through complexation with iron precipitates in secondary 
treatment, and 

• Soluble phosphorus in the secondary effluent. 

Model Parameters 
The chemical phosphorus removal model used in this Study is a state-of-the-art component of the ASM 
framework.  The model includes both stoichiometric and kinetic parameters. The stoichiometric 
parameters account for the amount of phosphorus that can be removed per mg of iron as “fresh” high 
active site HFO and “aged” low active site HFO. The kinetic parameters quantify the rates of phosphorus 
complexation and dissolution as well as the rates at which ‘high active site HFO’ mature into ‘low active 
site HFO’ and then to “old” inert precipitates with little or no remaining capacity to remove phosphorus.  

The complete list of parameters, with a description of the role of each, is presented in Table 3. Further 
description of the chemical phosphorus removal model and its stoichiometric and kinetic parameters is 
also available in references from Szabo et al. (2008) and Hauduc et al. (2015). 

 

Table 3 
Chemical Phosphorus Removal Model Parameters 

Description  Typical Units Notes 

ASF - fast complexation 1.2  mg P/mg HFO The “ASF – fast complexation” and “ASF – slow 
complexation” parameters are the key 
stoichiometric coefficients in the model which 
represent the mass ratio of phosphorus to hydrous 
ferric oxide (HFO) that can be complexed by high 
surface area (fresh) and low surface area HFO 
(aged), respectively.  

ASF - slow complexation 0.6  mg P/mg HFO 

Aging coefficient for XHFO,H 450  1/d The aging coefficients for XHFO,H and XHFO,L 
represent the rate at which fresh HFO is converted 
to aged HFO and aged HFO is converted to old, 
unreactive HFO. 

Aging coefficient for XHFO,L 0.1  1/d 

Maximum complexation rate of XHFO,H 360  1/d The maximum complexation rates represent the 
kinetic rates at which HFO,H and HFO,L complex 
with soluble phosphorus. Maximum complexation rate of XHFO,L 0.3  1/d 

Redissolution rate coefficient - XHFO,H,P 36.0  1/d XHFO,H,P and XHFO,L,P are respectively the rates 
of redissolution of phosphorus complexed with 
HFO,H and HFO,L Redissolution rate coefficient - XHFO,L,P 36.0  1/d 

Inhibition coefficient for SPO4 for 
redissolution 0.03  mg/L 

Bulk liquid phosphate concentration at which 
redissolution is reduced to half of its maximum 
rate 

Half saturation coefficient for SPO4 0.1  mg/L 
Bulk liquid phosphate concentration at which 
complexation rates are reduced to half of their 
respective rates 
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Model Calibration and Validation 
Approach 
The model was calibrated against actual data from 2015 by adjusting the chemical phosphorus removal 
model parameters with the goal of achieving ‘best fit’ between simulated annual average effluent TP as 
well as the statistical distribution of TP around that average as defined by the 25th percentile, 50th 
percentile, and 75th percentile. Parameter adjustments made for the 2015 calibration period were as 
follows: 

• Increased maximum complexation rate of phosphorus on low active site iron (qbinding) from 0.3 to 
0.4.  This change is required to match the observed mean effluent TP concentration. 

• Decreased aging coefficient for low active site iron (qaging,L) from 0.1 to 0.01. This change is 
required to reduce model predicted peaks in effluent TP at the 99th percentile to match 
observed data in the range of 0.8 to 1.0 mg/L.  Decreasing aging of HFO,L increases the 
inventory of available iron in the system which manages unexpected peaks in daily influent TP 
loading or low iron dosing.   

• Increased half saturation coefficient for PO4 (KP) from 0.1 to 0.3.  This change is required to 
match the observed mean effluent TP concentration. 

It is reasonable that the adjustments made to calibrate to the 2015 data set should be viewed as 
changes necessary to account for non-idealities in field conditions for chemical sludge in both primary 
and secondary treatment.  The project team consulted with the developers of the chemical phosphorus 
removal model who confirmed that the final calibrated parameters used in this study are consistent with 
calibrated models that have been used for other facilities for similar purposes (I. Takács, personal 
communication, 2016). 

The model was validated by simulating the 2014 data set using the kinetic and stoichiometric 
parameters from the 2015 calibration. While all model parameters were identical between the 2015 
calibration and 2014 validation period, the mixing intensity of the dosing points were adjusted for 2014 
to provide a higher initial ratio of high active site HFO. This adjustment may be explained by the fact that 
Stage 2 was removed from service, and that phosphorus removal in 2015 was lower than in 2014 
despite operating with equivalent iron dosing of approximately 1.1 mol Fe/mol influent TP.  In general, 
the plant data shows that phosphorus removal efficiency at the plant is best when the plant is dosing a 
higher amount of iron to Stage 3 as opposed to Stages 1 and 2.  This is likely due to the differences in the 
grit removal tanks: Stages 1 and 2 currently have unaerated detritors while Stage 3 has aerated grit 
removal.  Thus, the Stage 3 headworks configuration provides greater opportunity for production of high 
active site HFO compared to Stages 1 and 2.  A new headworks facility similar to that of Stage 3 is 
currently under construction for Stages 1 and 2. 

Results 
Model simulation results and plant data for the 2015 calibration period and the 2014 validation period 
are presented as time-series in Figures 6 and 7, respectively. Inspection of these figures allows the 
model calibration and validation to be assessed in terms of whether the simulation results fall within the 
same range as the plant data and whether the plant data and simulation data trends are the same.  

Further assessment of calibration and validation can be made in terms of the statistical distribution of 
the data as represented in the cumulative frequency distribution presented in Figures 8 and 9 for the 
2015 calibration period and the 2014 validation data sets, respectively. Comparison of the cumulative 
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frequency distributions in Figures 8 and 9 allows the accuracy of the model in predicting the range and 
probability of effluent TP concentrations to be assessed. This is useful in eliminating some of the “time 
lag” effect which may exist between simulated and observed events, for example peaks in effluent TP 
related to high influent loading. A “time lag” would occur if a high influent loading event were not 
accounted for in model inputs as early as it occurred due to gaps in influent data, which is sampled on 
average four times per week at the plant. 

Finally, model results are compared to actual plant data in Figures 10 and 11 where the 45 degree (1:1) 
line represents a perfect model fit. These results show the scatter around the 45 degree line decreases 
significantly when results are assessed on a monthly rather than daily averaging period. One method for 
assessing the ability of the model to predict day-to-day variability in effluent TP is the R2 correlation.  R2 

can be defined as the ability of the model to capture the variability around the mean.  The R2 correlation 
between plant and model data was 0.36 when assessed on a daily basis but 0.51 when assessed on a 
monthly basis for the 2015 calibration period. Daily and monthly R2 correlations between model and 
plant data actually improved for the 2014 validation period; they were respectively 0.51 and 0.63.  

These results indicate that the model does not capture the day-to-day variations in plant performance 
with a high degree of accuracy, but monthly and annual performance are well represented.  Therefore, 
the model is appropriate to use for the purposes of compliance assessment and performance reliability 
on a monthly or annual basis, which is consistent with the overall objectives of the PRAP Study.   

 
Figure 6: Model Calibration to Daily Effluent TP Results Based on 2015 Data 
Time series of model predicted vs. actual observed daily effluent TP for the calibration period (2015) 
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Figure 7: Model Validation to Daily Effluent TP Results Based on 2014 Data  
Time series of model predicted vs. actual observed daily effluent TP for the validation period (2014) 
 

 
Figure 8: Model Calibration to Daily Effluent TP Results Based on 2015 Data 
Cumulative frequency distribution of daily effluent TP concentrations for model predicted vs. observed data for the 
calibration period (2015) 
 

 
Figure 9: Model Validation to Daily Effluent TP Results Based on 2014 Data 
Cumulative frequency distribution of daily effluent TP concentrations for model predicted vs. observed data for the 
validation period (2014) 
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Figure 10: Model vs. Plant Data Effluent TP for 2015 Calibration Data  
Daily R2 Correlation = 0.36, Monthly R2 Correlation = 0.51 
 

 
Figure 11: Model vs. Plant Data Effluent TP for 2014 Validation Data  
Daily R2 Correlation = 0.51, Monthly R2 Correlation = 0.63 
 

Comparisons of the time-series and cumulative frequency distributions are presented for SRP in Figures 
12 through 15. A quantitative comparison of these results is discussed further below and with results 
presented in Table 5.  

Effluent SRP model results vs. actual plant data are presented in Figures 16 and 17 where the 45 degree 
(1:1) line represents a perfect model fit. Similar to the results for TP, scatter around the 45 degree line 
decreases significantly when results are assessed on a monthly rather than a daily averaging period. The 
R2 correlation between plant and model data was 0.46 when assessed on a daily basis but 0.62 when 
assessed on a monthly average basis for the 2015 calibration period. R2 correlations between model and 
plant data for the validation data set were 0.49 and 0.60, respectively.  
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When comparing the plant data and model data, it is evident that the trends in peak effluent SRP 
concentrations are generally well predicted.  For example, the general trend of higher effluent SRP 
observed around May of 2015 was reflected in the model results.  Upon closer investigation of plant 
operations at this time, it is apparent that the plant was dosing iron at lower than average rates.  For 
that month, the average iron dose was under 3 kg of Fe per kg of raw sewage SRP (kgFe/kgSRP) 
compared to an annual average of 4 kgFe/kgSRP.  Thus, the model predicted a higher than average 
effluent SRP concentration during this month as the iron dosing was generally lower than average.  
However, there are several peaks in effluent SRP that were observed in the plant data that are not 
reflected in the model data.  For example, the peak that was observed at the beginning of September 
2015 was not well represented by the model results.  According to plant operations data, the average 
iron dose during this time was above average at 5 kgFe/kgSRP.  Accordingly, the model predicted a 
lower effluent SRP concentration on account of this higher iron dose.  In reality, there could have been 
several factors in play that “mitigated” the effect of this higher iron dose that would not be captured in 
model calibration.   

 
Figure 12: Model Calibration to Daily Effluent SRP Results Based on 2015 Data  
Time series of model predicted vs. actual observed daily effluent SRP for the calibration period (2015) 
 

 
Figure 13: Model Validation to Daily Effluent SRP Results Based on 2014 Data  
Time series of model predicted vs. actual observed daily effluent SRP for the validation period (2014) 
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Figure 14: Model Calibration to Daily Effluent SRP Results Based on 2015 Data  
Cumulative frequency distribution of daily effluent SRP concentrations for model predicted vs. observed data for the 
calibration period (2015) 
 

 
Figure 15: Model Validation to Daily Effluent SRP Results Based on 2014 Data  
Cumulative frequency distribution of daily effluent SRP concentrations for model predicted vs. observed data for the 
validation period (2014) 
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Figure 16: Model vs. Plant Data Effluent SRP for 2015 Calibration Data  
Daily R2 Correlation = 0.46, Monthly R2 Correlation = 0.62 
 
 

 
Figure 17: Model vs. Plant Data Effluent SRP for 2014 Validation Data  
Daily R2 Correlation = 0.49, Monthly R2 Correlation = 0.60 
 
Results of model calibration and validation are presented in Table 4 for the annual average, 25th 
percentile, 50th percentile, and 75th percentile effluent TP concentration. Comparisons of model 
predictions for effluent TP to plant data from the inner quartiles (25th percentile, 50th percentile, average 
and 75th percentile) match within 0.02 mg/L. When considering annual average and 50th percentile data, 
the calibration data shows no bias between plant and model data.  However, the validation data is 
biased in the positive direction: +0.03 mg/L for the average statistic. This is a reasonable degree of 
model bias because it is relatively small and, because it is positive, it indicates the model will give a 
conservative estimate of what the plant can achieve in the future. As such, it can be concluded that the 
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calibrated model is an adequate tool to use in evaluating the feasibility of satisfying an annual effluent 
TP concentration of 0.35 mg/L. 

 Table 4 
Model Calibration and Validation Results for Effluent TP (mg/L) 

 2015 Calibration  2014 Validation  

 Model Data Plant Data Difference Model Data Plant Data Difference 

25th Percentile 0.42 0.43 -0.01 0.29 0.30 -0.01 

Average 0.51 0.50 0.01 0.42 0.39 0.03 

50th Percentile 0.49 0.50 -0.01 0.34 0.36 -0.02 

75th Percentile 0.59 0.57 0.02 0.47 0.46 0.01 

 

Results of model calibration and validation for soluble reactive phosphorus are presented in Table 5. 
Comparisons of model predictions for effluent TP to plant data from the inner quartiles (25th percentile, 
50th percentile, average and 75th percentile) match within 0.03 mg/L for the calibration period of 2015 
and within 0.04 mg/L for the validation period of 2014. These results provide further evidence 
supporting the validity of the model calibration for the purposes of making projections of the future 
phosphorus removal of the plant.  

It is worth noting that the negative bias in the SRP predictions presented in Table 5, combined with the 
absence of bias for the TP predictions presented in Table 4 (for the calibration period) or even positive 
bias (for the validation period), that there is a positive bias for the model effluent particulate 
phosphorus concentrations. This is attributable to the prediction of particulate phosphorus in the TSS 
(P:TSS ratio). The P:TSS ratio of the activated sludge mixed liquor is primarily a function of TP capture 
across the primary clarifiers which is difficult to characterize with the available data from the plant. 
Since this is a positive bias, it should be noted that the model will tend to give a slightly conservative 
prediction of future plant performance. 

Table 5 
Model Calibration and Validation Results for Effluent SRP (mg/L) 

 2015 Calibration  2014 Validation  

 Model Data Plant Data Difference Model Data Plant Data Difference 

25th Percentile 0.23 0.25 -0.02 0.12 0.13 -0.01 

Average 0.31 0.33 -0.02 0.23 0.22 0.01 

50th Percentile 0.29 0.32 -0.03 0.16 0.20 -0.04 

75th Percentile 0.38 0.40 -0.02 0.27 0.30 -0.03 

 

Additional Model Validation Years  
Additional plant datasets from the years 2012 and 2013 were simulated with the calibrated model for 
further validation.  The results of this additional model validation are summarized in Tables 6 and 7 and 
the figures illustrating the additional model validation are included in Attachment A.  Overall, the results 
of the additional validation years were consistent with the 2015 and 2014 calibration/validation period 
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with an observed negative bias for predicted effluent SRP concentrations and a positive bias for 
predicted effluent TP concentrations.  For year 2013, it worth noting that while the overall averages and 
percentile statistics were well-matched between plant and model data, the R2 correlations for the daily 
and monthly data were quite poor (0.11 and -0.20 respectively, for TP).  This is because the plant data 
indicated an increased level of iron dosing later on the year, as such, the model predicted lower effluent 
TP/SRP concentrations during this time.  However, the plant effluent data showed an increase in 
effluent TP/SRP concentrations despite the reported higher iron dosing.  As such, the model was unable 
to match the plant effluent data given the iron dosing data in the latter part of 2013.  When considering 
only the first half of the year, the R2 correlations increase to an acceptable level (monthly and daily R2 
for TP were 0.61 and 0.78, respectively).  It is unclear what caused the plant to have poorer TP removal 
despite the higher iron dosing in the latter half of 2013.   

Table 6 
Additional Model Validation Results for Effluent TP (mg/L) 

 2012 Validation  2013 Validation  

 Model Data Plant Data Difference Model Data Plant Data Difference 

25th Percentile 0.32 0.29 0.03 0.32 0.29 0.03 

Average 0.40 0.36 0.04 0.37 0.35 0.02 

50th Percentile 0.38 0.33 0.05 0.36 0.34 0.02 

75th Percentile 0.45 0.42 0.03 0.41 0.39 0.02 

 

Table 7 
Additional Model Validation Results for Effluent SRP (mg/L) 

 2012 Validation  2013 Validation  

 Model Data Plant Data Difference Model Data Plant Data Difference 

25th Percentile 0.12 0.15 -0.03 0.16 0.15 0.01 

Average 0.18 0.20 -0.02 0.19 0.20 -0.01 

50th Percentile 0.16 0.19 -0.03 0.19 0.19 0.00 

75th Percentile 0.21 0.24 -0.03 0.22 0.23 -0.01 

 

Model Inputs for Future Projections 
For simulations of the design year, model inputs have been projected based on the annual average 
values with day-to-day variability around the mean consistent with the observed variability in the recent 
2011 to 2015 historical period. Table 8 provides an overview of the specific approach for developing 
projections of each of the model inputs for simulations of the design year.  

An illustration of how the historical variability in raw sewage TP loading is used to project the probable 
distribution in future TP load peaking factors is presented in Figure 18. The procedure is described as 
follows: 
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1. The daily influent TP loads from the 2011 to 2015 historical period are divided by the annual 
average TP daily load to develop the TP load peaking factors or “normalized variability”. These 
factors are presented in Figure 18a. 

2. The frequency distribution (Figure 18b) and cumulative frequency distributions (Figure 18c) are 
developed for the “normalized variability”. 

3. A number between 0 and 1 from a random number generator is assigned to the “cumulative 
probability” and then matched to the corresponding “normalized variability”, which in the case 
of Figure 18c is the TP daily load peaking factor. 

4. The model input for any day is the annual average TP load multiplied by the TP load peaking 
factor. 

The approach described above is valid for model inputs that are randomly distributed, i.e. they do not 
demonstrate temporal trends or autocorrelation. Model inputs that do not meet this criteria include 
influent flows and temperatures and these are modelled based on historical patterns rather than the 
steps described above. 

The Monte Carlo analysis is performed by running multiple 365-day simulations of the design year in 
which each simulation includes a different projection of the natural variability of the influent loading, 
chemical dosing and secondary clarifier performance. After running sufficient simulations of the design 
year (at least 30 and as many as 100) it is possible to accurately predict the statistical variability in the 
simulated effluent TP on an annual average, as well as on monthly and daily bases. Hence, it is possible 
to develop cumulative probability distributions of the effluent TP and identify the probability of 
exceeding a given effluent limit. 

Table 8 
Basis for Model Inputs for Future Projections at Plant Design Capacity  

# Model Input Basis 

1 Daily raw sewage flows Daily flow hydrograph from the year 2011 prorated to the annual average flow 
at the design year with the peak day flow adjusted to match the design peak 
day flow factor.  The 2011 flow year represents a typical year in terms of total 
rainfall and influent flow at the Duffin Creek WPCP.  

2 Daily raw sewage constituent loads 
for BOD, TKN and TP 

Annual average constituent loadings for the design year multiplied by a peaking 
factor selected according to the frequency distribution of peaking factors (i.e. 
variability around the mean) in the 2011 to 2015 historical period. 

3 Daily chemical (iron) dosing upstream 
to primary treatment (mg Fe/L) 

Iron dosing in mg Fe/L treated based on the historical average for the 2011 to 
2015 period multiplied by a peaking factor randomly selected according to the 
frequency distribution of variability around the mean in the period from 2011 to 
2015. It is assumed that the resulting chemical sludge production would not 
deviate from projections made in the Stage 3 Expansion design basis. 

4 Mixing intensity at chemical dosing 
point upstream of primary treatment 

Same as for the 2015 calibration period. Constant for entire 365-day simulation 
period. 

5 Percent capture of TSS by primary 
treatment 

Same as for the 2015 calibration period. Constant for entire 365-day simulation 
period. 

6 Daily chemical (iron) dose to 
secondary treatment, mg Fe/L 

Same as #3. 
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Table 8 
Basis for Model Inputs for Future Projections at Plant Design Capacity  

# Model Input Basis 

7 Mixing intensity at chemical dosing 
point to secondary treatment 

Same as #4. 

8 Secondary effluent TSS Selected according to the frequency distribution of secondary effluent TSS in 
the period from 2011 to 2015 as grouped according to secondary clarifier solids 
loading rates. 

9 Temperature 365-day temperature pattern based on period from 2011 to 2015 in which there 
were both cold and mild winters. 
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Figure 18 
Development of Cumulative Frequency Distribution from Historical Data and Use to Develop Future Projections of 
Peaking Factors 
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Future Plant Performance  
Model simulation results for the future plant performance at 100 percent capacity utilization are 
presented as cumulative probability distributions in Figure 19 for the daily, monthly, and annual average 
effluent TP and SRP concentrations. These model simulations were run using the model parameters 
established through calibration to the 2015 data set. The historical probability distributions for daily and 
monthly average effluent TP concentrations are presented as dashed lines for perspective to show the 
projected increase in effluent TP concentrations that would occur when the Duffin Creek WPCP has 
reached full design capacity utilization. Cumulative probability distributions have not been presented for 
the annual average of the 2011 to 2015 period because a five year sample size was insufficient to 
properly characterize the inter-annual statistical variability that would be expected for plant 
performance at the capacity utilization of the plant that was experienced from 2011 to 2015 (52 percent 
to 68 percent). In contrast, the projected effluent TP concentrations at 100 percent capacity utilization 
are based on a Monte Carlo analysis involving 100 different one-year simulation runs which combine 
different projections of statistical variability of the model inputs. 

The cumulative probability curves presented in Figure 19 are useful for identifying effluent TP and SRP 
concentrations that could be expected to be met on a daily, monthly, and annual basis at various 
confidence levels. In addition, these curves provide valuable insight into how the statistical variability 
decreases when the averaging period is extended. For example, the projected daily curves indicate that 
an effluent TP concentration above 0.7 mg/L would be expected approximately 10 percent of the time, 
or more than 36 days per year. When averaged on a monthly basis, however, the influence of “bad” 
days is limited and the results show that monthly average effluent concentrations would be below 0.8 
mg/L for more than 99.9 percent of the time. On an annual basis the effect is even stronger: model 
projections show that the un-optimized plant would achieve an annual average effluent TP of 0.60 mg/L 
for more than 99.9 percent of the time. The 99.9 percent is used as the key statistic for assessing plant 
performance because this is the level of confidence at which the Regions prefer to operate their plant. 

Another statistic of interest is the 95th percent confidence interval around the model projected mean 
daily effluent TP and SRP concentrations.  For TP, the 95th confidence interval around the mean is 0.554 
to 0.556 mg/L.  For SRP, the 95th confidence interval around the mean is 0.326 to 0.328 mg/L.  The 
confidence intervals are very narrow on account of the large amount of daily data points (100 one-year 
long simulations = 36,500 data points).  

It is worth noting that the decrease in variability at longer averaging periods, which is observed in the 
model results, is not observed when comparing the distribution of historical effluent TP on a daily and 
monthly basis. This contradiction can be attributed to the fact that the plant has operated between 52 
percent and 68 percent capacity utilization between 2011 and 2015, and this introduces an additional 
source of variability in performance. Model results, in contrast, were all simulated at exactly 100 percent 
capacity utilization.  
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Figure 19a 
Projected Effluent TP Concentrations at Design Flows and Loads for Un-optimized Plant 
 

 
Figure 19b 
Projected Effluent SRP Concentrations at Design Flows and Loads for Un-optimized Plant 
 

Simulation results from Figure 19 are summarized in Table 9 and indicate that a monthly average TP 
concentration of 0.78 mg/L could be met in 99.9 percent of the cases, which compares favourably with 
the current monthly compliance limit of 0.8 mg/L. These results also show that the annual average 
effluent TP concentration at the 99.9 percent confidence level would be 0.60 mg/L, which is higher than 
the current design value of 0.5 mg/L and indicates that process optimization will be required as the 
Duffin Creek WPCP approaches full capacity utilization.  The projected daily effluent TP values range 
from a minimum of 0.25 mg/L to a maximum of 3.37 mg/L.  Project daily effluent SRP values range from 
0.05 mg/L to 0.95 mg/L.  
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Table 9 
Model Projections for Performance of the Un-optimized plant at 100 percent capacity utilization 

Condition  
Monthly Average 
Effluent TP, mg/L 

Annual Average 
Effluent TP, mg/L 

Annual Average 
Effluent TP, kg/d 

Monthly Average 
Effluent SRP, mg/L 

Annual Average 
Effluent SRP, mg/L 

Design 0.8 0.5 311 N/A N/A 

Un-optimized 0.78 0.60 391 0.52 0.36 

Note: Performance of plant is assessed at the 99.9 percent confidence level 

 

During the algae growth window (April to June), the model projects comparable results to the overall 
annual plant performance, i.e. there is not a substantial difference between plant performance during 
this specific timeframe compared to other months in the year.  This is corroborated with historical plant 
data which shows no noticeable seasonal trends in plant effluent performance.  Figure 20 shows the 
probability distribution curves based on model projects for both effluent TP and SRP on a monthly and 
daily basis.  The monthly average TP and SRP concentrations that were achieved in 99.9 percent of 
model simulations were 0.72 mg/L and 0.42 mg/L, respectively.  During the algae growth window, the 
model results showed that daily effluent TP concentrations range from 0.25 mg/L to 3.27 mg/L and daily 
effluent SRP concentrations range from 0.07 mg/L to 0.76 mg/L.   

 
Figure 20 
Projected Effluent TP and SRP Concentrations at Design Flows and Loads for Un-optimized Plant During Algae Growth 
Window (April to June)  

Summary and Conclusions  
Plant operating data was reviewed, indicating that annual average TP concentrations have been in the 
range of 0.31 mg/L to 0.51 mg/L over the past five years during which time the plant capacity utilization 
was between 52 percent and 68 percent.  The periods during which capacity utilization was high were 
primarily when Stage 2 aeration tanks and primary and secondary clarifiers were removed from service 
(during parts of 2014 and 2015).  

Plant data shows a clear correlation between capacity utilization and TP removal performance and 
suggests that the effluent TP concentrations in the range of 0.35 mg/L, which have been achieved in 
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recent years, will be impossible to maintain as the plant approaches its rated capacity, at least with the 
current treatment processes and operational approach. 

A stochastic plant model was developed for the liquid stream at the Duffin Creek WPCP to predict the 
effluent TP concentration and its variability at full capacity utilization. The model was based on the ASM 
(activated sludge modelling) framework as standardized by IWA and includes a latest generation 
chemical phosphorus removal model. Monte Carlo analysis was incorporated in the approach to account 
for the variability and uncertainty in influent flow and loads, chemical dosing, and secondary clarifier 
performance.  

Model calibration and validation were assessed by the ability to replicate the historical annual average, 
25th percentile, 50th percentile and 75th percentile for TP and SRP for 2014 and 2015. Calibration and 
validation results indicate that the model was able to match daily average TP and SRP concentrations 
within 0.05 mg/L and 0.04 mg/L, respectively. This prediction accuracy is considered indicative of good 
calibration and would allow the model to be used for making reasonable projections of the future TP 
removal of the plant and evaluate the feasibility of reliably achieving a given effluent compliance limit. 

Simulation results obtained using the calibrated model indicated that a monthly average TP 
concentration of 0.78 mg/L could be met reliably at full utilization of the plant’s rated capacity. This 
compares favourably with the current monthly compliance limit of 0.8 mg/L. The annual average 
effluent TP concentration that could be met reliably is 0.60 mg/L. This is higher than the current design 
value of 0.5 mg/L and indicates that optimization will be required to achieve the design effluent TP 
concentration as the Duffin Creek WPCP approaches its full capacity utilization. Strategies for this 
optimization will be discussed in TM2 and include dosing more chemical to achieve a lower effluent SRP, 
dosing polymer to the secondary clarifiers to improve TSS capture, and dosing polymer to the primary 
clarifiers to improve TSS and TP capture. 
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Duffin Creek WPCP ECA No. 5331-9FJJT5

See Appendix B
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Additional Model Validation Years 2012 – 2013 
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Year 2012  

 
Figure A-1: Model Validation to Daily Effluent TP Results Based on 2012 Data 
Time series of model predicted vs. actual observed daily effluent TP  
 

 
Figure A-2: Model Validation to Daily Effluent SRP Results Based on 2012 Data 
Time series of model predicted vs. actual observed daily effluent SRP  
 

 
Figure A-3: Model Calibration to Daily Effluent TP Results Based on 2012 Data 
Cumulative frequency distribution of daily effluent TP concentrations for model predicted vs. observed data  
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Figure A-4: Model Calibration to Daily Effluent SRP Results Based on 2012 Data 
Cumulative frequency distribution of daily effluent SRP concentrations for model predicted vs. observed data  
 
 

 
Figure A-5: Model vs. Plant Data Effluent TP for 2012 Data  
Daily R2 Correlation = 0.43, Monthly R2 Correlation = 0.54 
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Figure A-6: Model vs. Plant Data Effluent SRP for 2012 Data  
Daily R2 Correlation = 0.54, Monthly R2 Correlation = 0.74 
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Year 2013  

 
Figure A-1: Model Validation to Daily Effluent TP Results Based on 2013 Data 
Time series of model predicted vs. actual observed daily effluent TP  
 

 
Figure A-2: Model Validation to Daily Effluent SRP Results Based on 2013 Data 
Time series of model predicted vs. actual observed daily effluent SRP  
 

 
Figure A-3: Model Calibration to Daily Effluent TP Results Based on 2013 Data 
Cumulative frequency distribution of daily effluent TP concentrations for model predicted vs. observed data  
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Figure A-4: Model Calibration to Daily Effluent SRP Results Based on 2013 Data 
Cumulative frequency distribution of daily effluent SRP concentrations for model predicted vs. observed data  
 

 
Figure A-5: Model vs. Plant Data Effluent TP for 2013 Data  
Daily R2 Correlation = 0.11, Monthly R2 Correlation = -0.20 
When considering the first 6 months of the year, daily and Monthly R2 correlations improve to 0.61 and 0.78 respectively 
 



  DUFFIN CREEK WPCP PRAP STUDY 
PERFORMANCE EVALUATION AND CAPACITY POTENTIAL  

676959 CH2M HILL CANADA LIMITED 35 

 
Figure A-6: Model vs. Plant Data Effluent SRP for 2013 Data  
Daily R2 Correlation = 0.07, Monthly R2 Correlation = -0.11 
When considering the first 6 months of the year, daily and Monthly R2 correlations improve to 0.33 and 0.64 respectively 
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WPCP effluents. DOP can account for 1/3 or more of the TP and can yield 
significant amounts of SRP through hydrolysis following discharge. Further, it 
is largely a pass through pollutant (it doesn’t settle). How is this situation to be 
resolved in the phosphorus removal modeling?
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Currently, DOP is not a constituent of concern at Duffin Creek WPCP and other 
secondary wastewater treatment plants. It is agreed that DOP can account for 
1/3 or more of the TP in tertiary effluents although this may not be valid for 
secondary effluents. As it stands, the DOP fraction of the raw sewage and plant 
effluent is accounted for in the model as part of the TP concentrations. This is 
why it is important to consider results for both TP and SRP.

3

Accepted as a statement of the 
consultant’s position.  However, 
we would like to leave the topic of 
DOP as a component of TP open 
for discussion with respect to 
TM2. 

Open for further 
discussion 

4
Workshop 1 
Presentation  

Slide 13 M.T. Auer

Is the TSS P content a feature of the effluent TP modeling, e.g. is PP removal 
calculated as a function of TSS removal and TSS P content? Does the DCWPCP 
have time series of TSS P content that could be examined to characterize 
variability in that parameter?

1 CH2M
Yes, the model predicts PP removal as a function of TSS removal. A discussion of 
historical effluent PP/TSS ratios has been added to TM 1.

1 Accepted. Closed

5
Workshop 1 
Presentation  

Slide 13 M.T. Auer
Given the availability of data for validation to 2012 and 2013, model credibility 
could be enhanced by extending the validation to those years.

1 CH2M
Model validation using 2012 and 2013 data has been completed and added to TM
1.

1 Accepted. Closed

6
Workshop 1 
Presentation  

Slide 15 M.T. Auer

Confidence and credibility in the model output would be enhanced if (1) the 
reasons for large swings in effluent TP and SRP concentrations were 
understood and (2) the reasons behind poor model performance were 
understood and, where possible, corrections put in place. At a minimum, it will
be necessary to include 95% confidence intervals on predicted effluent P 
concentrations.

1 CH2M

In general, historical spikes in effluent SRP are attributed to lower iron dosing 
rates. The model calibration was revisited to account for the different primary 
dosing points and their effectiveness. Previously, the model had one primary 
dosing point for all three Stages, however upon closer inspection of historical 
data, there is a difference in P removal depending on where the iron is dosed 
between Stages 1, 2, and 3 headworks. Due to the configuration of the 
headworks facilities, dosing iron in Stage 3 headworks is more effective than 
Stages 1 and 2 because of the aerated grit removal system. Accounting for the 
different mixing effectiveness between the different Stages resulted in an 
improved calibration with most trends in effluent SRP spikes accounted for. This 
is discussed further in the TM. The 95% confidence intervals on model predicted 
daily effluent TP concentrations have been added to TM 1 and will be included in 
TM 2. It should be noted that the confidence intervals are narrow due to the 
large number of daily data points (on account of running 100‐year long 
simulations).

1 Accepted. Closed

7
Workshop 1 
Presentation  

Slide 19 M.T. Auer

Given the ease of access to plant flow data and the application of Monte Carlo 
analysis, it would be worthwhile to better quantify the frequency and 
magnitude of occurrence for wet weather events, especially during the 
Cladophora growth period for multiple previous years.

1 CH2M
An analysis of the frequency and magnitude of peak flow events during April to 
June has been completed based on data from 2012 to 2015. This has been added 
to TM 1.

1 Accepted. Closed

8
Workshop 1 
Presentation  

Slide 11 M.T. Auer
Stress testing using portions of the existing treatment facilities to simulate 
design condition could further confirm model projections.

1 CH2M Field testing at the Duffin Creek WPCP is in the planning stages. 1 Accepted. Closed

9 Draft TM1 1 Introduction  Figure 2
Al Saikkonen (transcribed by M.T. 
Aauer)

As the introduction to the first TM, it would be worthwhile to include a brief 
description of the plant perhaps referencing Figure 2 below.

1 CH2M
A brief description of the treatment facilities at the Duffin Creek WPCP has been 
added to the Design Basis section. 

1

10 Draft TM1 1 Design Basis
Al Saikkonen (transcribed by M.T. 
Aauer)

Please consider including the ECA requirements pertaining to the PRAP and 
thus leading to design considerations.  The full ECA could be appended.

1 CH2M
The effluent TP requirements as outlined in the ECA have been added to the 
Design Basis section.  The ECA has been included in the attachments. 

1

11 Draft TM1 2 Design Basis Table 1
Al Saikkonen (transcribed by M.T. 
Aauer)

Add a column providing this information for 2016, the most recent year when 
all three Stages were in operation.

1 CH2M Information for 2016 has been added to Table 1.  1

12 Draft TM1 2 Design Basis Table 1
Al Saikkonen (transcribed by M.T. 
Aauer)

Clarify if these loads raw or headworks, i.e. including internal recycle? 1 CH2M
These values are raw sewage i.e. do not include recycle streams.  The title of the 
table has been changed to say "raw sewage" instead of "influent" for clarity. 

1

13 Draft TM1 2
Historical Plant 
Performance 

Al Saikkonen (transcribed by M.T. 
Aauer)

Expand this section to better described plant performance during the 
Cladophora window, May‐Aug.

Add a table of monthly TP and SRP loads for each year, 2011‐2016, highlighting
in gray the months of the Cladophora window.  Express loads as means +/‐ SD 
of daily measurements within each month.

3 CH2M Table 2 has been added with this information.  1

14 Draft TM1 5
Model 
Development 

Al Saikkonen (transcribed by M.T. 
Aauer)

Clarify if the model includes flows and loads from solids processing. 1 CH2M
The model does not include flows and loads from solids handling recycle streams 
as discrete inputs however the impacts that these streams have on plant 
performance are inherently accounted for during model calibration. 

1

15 Draft TM1 6
Model 
Development 

Figure 2
Al Saikkonen (transcribed by M.T. 
Aauer)

Clarify what percentage of the biosolids processed at DCWPCP is trucked in.   1 CH2M Approximately 10 percent.  Information has been added.  1

16 Draft TM1 8
Model 
Development 

Al Saikkonen (transcribed by M.T. 
Aauer)

TP is not listed as a model output; please clarify and/or add TP data.  Are both 
SRP and DOP included in ‘soluble phosphorus’?  Clarify how the model handles 
DOP?

3 CH2M See comment 3 above.  3

17 Draft TM1 18
Model Inputs 
for Future 
Projections

Table 5
Al Saikkonen (transcribed by M.T. 
Aauer)

TM2A, p. 5, indicates that secondary clarifier effluent TSS, based on historical 
performance projected to full treatment capacity, is used to drive the P model 
.
Will the model then be re‐run using results from the field study (e.g. 
secondary clarifier effluent TSS) to refine model projections?
Clarify which results will be carried forward to rank options,
• original model runs
• field experiment results
• re‐run model using field experiment results

3 CH2M

Modelling of secondary treatment optimization will be revisited following the 
field study.  The updated model methodology is to be finalized.  In the 
assessment of secondary treatment optimization options, both the results of the 
field study as well as the updated model projections will be considered.  

3

Reviewer's Acceptance/Rejection

Agree ‐ will make suggested changes

Agree ‐ will provide alternate solution

Disagree OR no action required

Reviewer to fill in these columns

Additional information required
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