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1.0 Introduction  
This Technical Memorandum (TM) has been prepared in support of the Town of Saugeen Shores 
Southampton Water Pollution Control Plant (WPCP) expansion Municipal Class Environmental 
Assessment (Class EA).   

The Town of Saugeen Shores consists of the urban centres of Port Elgin and Southampton and surrounding 
rural area.  Each community is serviced by a separate dedicated wastewater collection and treatment 
system: the Southampton wastewater system and the Port Elgin wastewater system. The Town is 
embarking on this Class EA to determine and evaluate options for increasing the treatment capacity of the 
Southampton WPCP to meet the projected population growth in the Southampton community through the 
next 30 years.  

This TM presents a review of the capacity of the existing Southampton WPCP, an assessment of reserve 
capacity that may be available, and identifies which unit process or processes is limiting for plant capacity.  
The plant’s historical performance in meeting the effluent limits and objects as outlined in its Certificate of 
Approval is also presented, along with an evaluation of the plant’s ability to treat increased organic loads 
from increased flows. 

The capacity of the collection system is addressed in a separate TM of this Class EA, entitled “Existing and 
Future Sewage Flows”.  That TM presents the development of the estimated wastewater flows for the 
projected population growth within the next 30 years as outlined in the 2020 Water and Wastewater Master 
Plan. 

1.1 Background 
The Southampton WPCP provides wastewater treatment for the Southampton community. The Town 
estimates the current population of the Southampton service are is approximately 3,680.  However, this 
number can increase to over 5,000 seasonally. 

The plant’s rated capacity, as cited in Certificate of Approval No. 3-1216-88-947, dated May 1995, is 3,042 
m3/d with a peak flow of 6,084 m3/d.  In recent years, there has been increases in wastewater flow to the 
WPCP up to 82% of the plant's rated capacity, which has raised concerns that average day flows will exceed 
the plant’s rated capacity within the next few years.  As a result of the recent high flows to the WPCP, the 
Town has embarked on this Class EA to establish, analyse, and recommend design alternatives for 
increasing the WPCP’s treatment capacity. 

Increasing the WPCP capacity means providing increased hydraulic capacity as well as a level of treatment 
that will meet the effluent limits set by the Ministry of the Environment Conservation and Parks (MECP) for 
an expanded plant. 

The operating authority for the plant is the Ontario Clean Water Agency (OCWA), who have been operating 
the plant since it was constructed. 

2.0 Existing WWTP Facility Description 
The Southampton WPCP is a modified extended aeration plant with chemical phosphorous removal.  All 
wastewater from the collection system is pumped to the WPCP via five pumping stations.   

The following major systems are used at the plant: 

 Screening – Manually cleaned bar screen 
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 Grit Removal – Manually cleaned, horizontal-flow grit channels 
 Secondary Treatment – Oxidation ditches 
 Solids Removal – Chain and flight clarifiers 
 Phosphorous Removal – Aluminum sulphate (alum) addition 
 Disinfection – UV disinfection 
 Sludge Stabilization – Aerobic digestion 
 Sludge/Biosolids Storage – Aerated storage tanks 

Digested sludge is stored on site in sludge holding tanks and subsequently disposed of by land application. 

2.1 Process Description 
Figure 1 shows the general flow schematic of the Southampton WPCP.  Wastewater enters the plant at the 
inlet works / headworks, where screening and grit removal is performed. From the inlet works, wastewater 
flows into two oxidation ditches for biological treatment.  Alum is added to the effluent of the oxidation 
ditches in a manhole upstream of the secondary clarifiers to chemically precipitate phosphorous from the 
wastewater. 

The secondary clarifiers settle and separate the solids from the biologically treated wastewater.  Clarified 
wastewater from the clarifiers is then directed to a UV disinfection system for final treatment. Final effluent 
is discharged to the Saugeen River through a 250 mm diameter sewer outfall pipe. 

Solids that have been settled out in the secondary clarifiers are either directed to the aerobic digesters as 
waste activated sludge (WAS) for stabilization or recycled to the oxidation ditches as return activated sludge 
(RAS) to supply micro-organisms required for the biological treatment process. 

 

 

Figure 1 – Southampton WPCP Process Flow Schematic 
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 Headworks 
Raw wastewater is pumped into the headworks area where preliminary treatment takes place.  The 
headworks area consists of a manually cleaned bar screen and constant velocity grit channels.  Wastewater 
entering the plant first flows across the manually raked bar screen, which removes larger and floatable 
items, such as rags, plastic objects, etc.  

Wastewater then flows into the grit channels where grit settles to the bottom of the channel and is manually 
removed.  There are two grit channels, each 8.2 metres long, 0.94 metres wide and 0.86 metres deep.  The 
cross section of the grit channels and proportional weir at the effluent controls the wastewater velocity 
through the grit channels, allowing the grit to settle to the bottom of the channel and wastewater to flow 
through to the next process. 

There is a 380mm diameter bypass from the bar screen to a manhole located immediately upstream of the 
secondary clarifiers.  This bypass can be used to bypass the headworks system and the oxidation ditches 
if necessary.  

 Oxidation Ditches 
From the grit channels, wastewater flows to an aerated channel at the head of two oxidation ditches. From 
the aerated channel, the flow is equally split and directed to both oxidation ditches.  Brush rotors are used 
to circulate the mixed liquor in the ditches and to entrain oxygen into the wastewater to support growth of 
the micro-organisms. 

Per the WPCP’s Certificate of Approval, each ditch provides approximately 1,300 m3 of aeration volume.  
Each rotor is rated at 22.4 KW (30 hp) and is controlled by a variable frequency drive (VFD).  The VFD 
varies the rotor speed to increase or decrease the amount of entrained oxygen in response to the dissolved 
oxygen needs of the biological treatment process. The rotor blades are 6.1 metres long and the rotor shaft 
length is 7.0 metres, according to the Facility Optimization Report, prepared in 2017 by OCWA. 

The plant performs a daily, manual dissolved oxygen (DO) measurement in the ditches. Based on 
discussions with plant operations, the plant targets a DO level of 3.5 mg/L, which is higher than the MECP’s 
recommended 2.0 mg/L.  Plant operations report having difficulty achieving 2 mg/L in the summer, which 
has resulted in the need to target the higher DO levels.  

The water level in the ditches is controlled by fixed effluent weir plates and the aeration brush rotor blades 
are also at a fixed elevation, which results in varying depth of submergence of the rotors as inflow to the 
plant varies between minimum and peak flows. 

 Phosphorous Removal 
The Southampton WPCP doses with aluminum sulphate (alum) to precipitate phosphorous from the 
wastewater.  Alum is added to the oxidation ditch effluent at a manhole downstream of the oxidation ditches. 

According to the Facility Optimization Report, the average alum dosage between 2015 and 2017 was 37.9 
mg/L, with a range of 13 mg/L to 77 mg/L.   

 Secondary/Final Clarifiers 
There are four secondary clarifiers in the WPCP.  Clarifiers 1 and 2 are each 14.6m long, 4.3m wide, with 
3.65m side water depth. Clarifiers 1 and 2 have a surface area of 62.8 m2 each.  Clarifiers 3 and 4 are both 
14.63m long, 4.27m wide, with 3.79m side water depth.  Clarifiers 3 and 4 have a surface area of 62.4 m2 
each. 
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The combined surface area of the four clarifiers is 250.4 m2. 

An aerated channel in located at the head of each pair of clarifiers.  These channels are aerated by a 1.1 
KW (1.5hp) blower.  

RAS from the clarifiers is recycled to the oxidation ditches by a set of four Activated Sludge Return Pumps. 
These pumps are also used to pump WAS to the aerobic digester for stabilization.  The pumping destination 
is manually controlled by operators based on system status. 

Each Activated Sludge Return Pump is VFD-controlled. Two pumps service Clarifiers 1 and 2 and two 
pumps service Clarifiers 3 and 4.  Table1 below summaries details of the Activated Sludge Return Pumps.  

Table 1 – Activated Sludge Return Pumps 

Pump Service Number of Pumps 
Rated / Maximum 

Capacity 
(L/s) 

Normal 
Operating 

Flow 
(L/s) 

Motor Power 
KW (hp) 

Clarifier 1 and 2 2 32 20 3.7 (5) 

Clarifier 2 and 3 2 32 20 3.7 (5) 

 UV Disinfection 
The final step in treatment of the liquid stream is disinfection using UV.  The UV system consists of a contact 
channel that is 9.0m long, 0.6m wide, and 1.0m deep. This channel contains two banks of UV lamps, with 
6 lamps in each bank.  According to the WCPC's O&M manual, the UV disinfection system is designed to 
treat a peak flow of 7,605 m3/d. 

There is a by-pass channel of the same dimensions as the UV system channel, which does not contain UV 
lamps and functions as a bypass channel in emergencies. 

 WPCP Outfall  
Effluent from the UV disinfection system is discharged into the Saugeen River through a 250mm diameter 
outfall pipe.  The outfall pipe extends approximately 2.5 metres into the river and is an open discharge 
configuration. 

 Aerobic Digesters 
The WPCP uses a two-stage aerobic digester for sludge stabilization.  According to the plant's O&M 
manual, the first stage is 6.75m long, 5.66m wide, and 4.1m deep and the second stage is 6.75m long, 2.83 
m wide, and 4.1m deep.  The working volume of the first stage is 145 m3, according to the Certificate of 
Approval, and the second stage working volume is 70 m3. The total digester volume is 235 m3.  

Aeration is provided to the digester using coarse-bubble diffusion from a set of two blowers: Blowers 1 and 
Blower 2.  It should be noted that the current plant-as built flow diagram shows a third blower (Blower 3), 
however, this blower does not exist.  Blowers 1 and 2 are both 74.6 KW (100hp) blowers, VFD controlled 
(manually set) and operate on a duty/standby basis. 

Blowers 1 and 2 also supply air to three of the four biosolids storage tanks (Tanks 2, 3, and 4). 
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 Biosolids Storage 
Digested sludge (biosolids) is transferred from the digester to a set of four Aerated Storage Tanks, which 
are described in Table 2. 

Table 2 – Biosolids Aerated Holding Tank Details 

Holding Tank Length* 
(m) 

Width* 
(m) 

Depth* 
(m) 

Volume 
(m3) 

1 9.1 6.4 3.4 198 
2 11.7 8.84 4.16 430 
3 11.7 8.2 4.16 399 
4 10.42 6.75 4.1 288 
  Total Sludge Storage Capacity (m3) 1,315 

*Dimensions taken from Southampton WPCP's O&M Manual 

The Storage Tanks are aerated using coarse-air diffusion, which prevents the biosolids from becoming 
septic and generating odours.  As previously noted, Blowers 1 and 2 supply air to Storage Tanks 2, 3, and 
4.  The selection of which tank is aerated is manually set by the operator by manual isolation valves.  
Holding Tank 1 is aerated by a 11.2 KW (15hp) blower. 

Holding Tanks 2, 3, and 4 are also equipped with 20hp submerged Flygt mixers.  Holding Tank 1 is not 
mixed.   

A Sludge Transfer Pit adjoins Holding Tanks 2, 3, and 4 and contains two, submersible Sludge Transfer 
Pumps that redistributes the biosolids to the holding tanks, depending on operational needs.  Each Sludge 
Transfer Pump is rated at 0.92 L/s at 15.7 m TDH.  The Sludge Transfer Pumps are also used pump 
biosolids to haulage trucks for off-site disposal by land application. 

Additionally, there is a Supernatant Chamber with two submersible supernatant pumps that transfer 
supernatant to an aerated channel immediately downstream of the grit channels. Each of these pumps is 
rated as 0.92 L/s (82.8 m3/d) at 15.7m TDH. 

3.0 Historical Wastewater Flows and Characteristics 
3.1 Historical Plant Flows 

The Southampton wastewater collection system contains five sewage pumping stations (SPS) numbered 
1 thru 5.  SPS 2 pumps to SPS 1, which then pumps to the Southampton WPCP.  SPS 3 pumps into the 
forcemain from SPS 1 that goes to the WPCP.   SPS 4 pumps to SPS 5, which pumps to the WPCP.   

Raw wastewater flow into the WPCP is measured at the grit channels by an open channel flowmeter.  
Digester supernatant is recycled to the head of the plant and discharged into an aerated channel located 
immediately upstream of the oxidation ditches.  The actual amount of wastewater being treated by the plant 
is the total of the flow measured by the flow meter plus the supernatant flow. 

There is currently no flow meter on the supernatant line and lab analysis is not performed to determine 
supernatant characteristics.  Currently, plant operations estimate the daily volume of supernatant being 
drawn off from the digester by measuring the liquid levels in the digester before and after supernatant 
pumping then manually calculating the change in volume.  Based on plant data for the period from May 
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2018 to March 2019, the average supernatant flow delivered to the head of the oxidation ditches was 
approximately 43 m3/d. 

Since supernatant characteristics (TSS, BOD5, etc.) are not analysed, supernatant contributions to plant 
loadings and flows associated have not been incorporated into this capacity assessment.  

Flow trends for the WPCP were reviewed over the 2014-2018 time period. The flow data used to determine 
plant capacity was the plant’s reported “Influent Plant Flow”.  It should be noted that prior to 2015, there 
was no flow reading for the plant’s influent flow.  All reported plant flows prior to 2015 (influent and effluent) 
was the flow as measured by the effluent flow meter, i.e. recorded plant influent and effluent flows were 
exactly the same.  Starting in 2015, plant influent flows were recorded using readings from a flow meter at 
the grit channels.  In 2017, plant operations discovered that there was a 20% difference between the influent 
and effluent flow readings, which is significantly higher than the normal range for a plant of this type.  

In 2017, the plant conducted an investigation that showed that the effluent meter was faulty and providing 
incorrect readings.  In May 2017, the effluent flow meter was recalibrated.   

In order to correct the erroneous plant influent flow readings prior to 2015, when the influent flow meter was 
installed, Ainley performed an analysis of the historical differences between influent and effluent flows 
before and after the effluent flow meter was repaired and established that the effluent flow meter was 
reading a flow that was, on average, 13% too low.  All influent flow readings for year 2014 have been 
increased by a factor of 1.13 to approximate the correct flow rates. 

Table 3 presents the annual average daily flows (ADF) and the peak day flows (PDF) to the Southampton 
WPCP from 2014 to 2018.  The flows shown incorporate the 13% correction factor described above. 

Table 3 – Summary of WWTP Flows (2014-2018) 

Year 
Annual Average  

Day Flow 
(m3/d) 

Peak Day Flow 
(m3/d) 

Peak Day Peaking 
Factor 
(m3/d) 

2014 2,064 5,360 1.4 
2015 1,740 3,073 1.4 
2016 2,177 5,073 1.6 
2017 2,483 4,897 1.6 
2018 2,205 5,713 2.1 

Average Day Flow 
(ADF) 2,134   

This historical data shows that the average ADF over the five-year period was 2,133 m3/d and the highest 
PDF was 5,713 m3/d, which occurred in February of 2018.  The five-year average flow of 2,133 m3/d is 
equivalent to 68% of the plant's rated capacity of 3,042 m3/d.    
  

The data also shows a 21% increase in the ADF over the five -year period. In 2017, the ADF reached 82% 
of the plant's rated capacity. 

The Peak Day Factor over the five-year period ranged from 1.4 to 2.4.  
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The plant records daily flows, but not peak hourly flows, however, in March of 2019, plant operations 
reported that there was a sustained flow of approximately 86 L/s (7,430 m3/d) in the WPCP's inlet forcemain 
for several hours earlier that month.   

It should be noted that currently the WPCP's measured influent flow is inclusive of any inflow and infiltration 
(I&I) that may be occurring in the collection system.   

In 2019, an I&I study was performed that measured incoming flows to the WPCP over a six-month period, 
spanning the spring thaw. The I&I study measured flows in five-minute intervals and reported the average 
flow for each five-minute interval.   The data in the I&I study show that the peak instantaneous factor, based 
the five-minute intervals, was 4.2.  The peak hour factor was 3.15. 

The I&I study provided a quantification of extraneous flows in the collection system and concluded that the 
inflow and infiltration observed was not severe enough or localized enough to justify any upgrade projects.  

Figure 2 shows the historical trend in the WPCP’s average day flow, peak day flows, the plant's rated 
capacity, and peak rated capacity. 

 

Figure 2 – Historical Monthly Average Flows and Maximum Day Flows 

Over this five-year period, there have been fourteen months where the average day flow for the month was 
greater than 90% of the plant's rated capacity.    Of those fourteen months, four had average day flows that 
were over 100% of the plant's rated capacity.  The trend in flow shows increases in flow each year during 
spring, which may be the results of I&I.   
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3.2 WWTP Influent Quality 
The existing MECP Certificate of Approval for the Southampton WPCP sets effluent limits for biological 
oxygen demand (BOD5), total suspended solids (TSS), total phosphorous (TP), and E. coli. The annual 
average raw wastewater concentration for BOD5, TSS, and TP are presented in Table 4.  Data in Table 4 
is taken from the plant's operational logs from 2014 to 2018. 

Based on the historical data, raw wastewater entering the Southampton WPCP would be classified as low-
strength since it’s BOD5, TSS, and TP concentrations have been consistently lower than the typical range 
for these parameters.  

Table 4 – Raw Wastewater Concentrations of MECP Regulated Parameters (2014-2018) 

Year 
Parameter 

BOD5 
(mg/L) 

TSS 
(mg/L) 

TP 
(mg/L) 

2014 78 117 2.7 
2015 78 119 2.9 
2016 84 123 2.6 
2017 79 110 2.0 
2018 79 120 2.5 

Average 80 118 2.0 
Typical Values* 155 - 286 155 - 330 6 - 12 

* MOE Design Guidelines for Sewage Works 2008, Table 22-2. 
 

In addition to the regulated parameters, the plant also monitors total Kjeldahl nitrogen (TKN) and alkalinity.  
Table 5 summarizes historical TKN and alkalinity levels in the raw wastewater. 

Table 5 – Summary of Raw Wastewater Historical TKN and Alkalinity Concentrations 

Year 
Parameter 

TKN 
(mg/L) 

Alkalinity 
(mg/L as CaCO3) 

2014 20 252 
2015 24 258 
2016 19 244 
2017 16 249 
2018 22 264 

Average 20 253 
Typical Values* 20 – 85 50 – 200 

** Metcalf and Eddy, Wastewater Engineering, 3rd Ed. Table 3-16.  

From Table 5, it can be seen that the raw wastewater levels of TKN have been lower than typical values 
for domestic wastewater.  However, the alkalinity levels have been higher than normal. 
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Table 6 presents historic average annual loadings to the wastewater treatment plant.  These average 
loadings were calculated using monthly average plant influent flows and monthly average concentrations 
for each parameter 

Table 6 – Summary of Historical Loadings to WPCP 

Year 

Parameter 
BOD5 
(kg/d)   

TSS 
(kg/d)   

TP 
(kg/d) 

Avg Max Avg Max Avg Max 
2014* 151 185 227 489 5.1 8.0 
2015 134 177 206 373 5.0 8.1 
2016 177 164 263 357 5.4 9.1 
2017 187 255 265 359 4.8 6.7 
2018 176 295 260 532 3.35 9.1 

Average 165 235 245 422 5.14 8.2 
*2014 loadings corrected using raw influent flows adjusted to correct for faulty flow meter. 

4.0 WWTP Performance Review 
The required performance level for the Southampton WPCP is governed by the effluent limits and objectives 
set out in the WPCP's Certificate of Approval (3-1216-88-947), dated May 1995. 

4.1 Performance Requirements 
The WPCP's Certificate of Approval specifies the maximum allowable effluent concentrations and loadings 
for cBOD5, TSS, TP, and E. Coli., which are listed in Table 7. 

Table 7 – Southampton WPCP Current CofA Effluent Limits 

Parameter Average Annual 
Concentration 

Average Annual  
Loading 

BOD5 25 mg/L 76.1 kg/d 

Suspended Solids 25 mg/L 76.1 kg/d 

Total Phosphorous 1 mg/L 3 kg/d 

E. Coli 200 per 100mL 
(monthly geometric 

mean density) 
N/A 

In addition to the effluent limits, wastewater treatment plants in Ontario are given effluent objectives, which 
are not a legal requirement of plant operation, but a level of treatment that the plant is to attempt to achieve 
through design, construction, or operation of the plant. The effluent objectives for the Southampton WPCP 
are shown in Table 8. 
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The limits and objectives for BOD5, TSS, and TP are based on monthly averages of composite samples 
that are analysed monthly.  

Table 8 – Southampton WPCP Current CofA Effluent Objectives 

Parameter Average Annual 
Concentration 

Average Annual  
Loading 

BOD5 20 mg/L 60.8 kg/d 

Suspended Solids 20 mg/L 60.8 kg/d 

Total Phosphorous 0.5 mg/L 1.5 kg/d 

E. Coli 150 per 100mL 
(monthly geometric 

mean density) 
N/A 

4.2 Historical Plant Performance 
Historical plant performance data for effluent concentrations and loadings of regulated parameters is 
presented in Table 9. 

Table 9 – Summary of Regulated Effluent Parameters 

Year 
Annual Average Effluent Concentrations 

BOD5 
(mg/L)   

TSS 
(mg/L)   

TP 
(mg/L)   

E. Coli 
(CFU/100mL) 

2014 2.37 3.96 0.26 5.35 
2015 3.43 5.5 0.29 8.4 
2016 2.29 2.88 0.09 6.7 
2017 2.21 2.75 0.27 5.7 
2018 2.8 8.8 0.28 13 
CofA 

Compliance 
Limit 

25 25 1.0 200 

The historical data shows that the plant has been performing well and achieving effluent concentrations 
that are on average 90% lower than the allowable effluent concentration limit for BOD5 and TSS and 75% 
lower than the allowable TP limit. 

The plant also monitors effluent concentrations of total ammonia nitrogen (TAN), nitrate and nitrite nitrogen, 
and alkalinity, which are shown in Table 10. 

Table 10 – Summary of Monitored-Only Effluent Parameters 

Year 
Annual Average Effluent Concentrations 

TAN 
(mg/L)   

Nitrate and Nitrite 
(mg/L)   

Alkalinity 
(mg/L as CaCO3) 

2014 0.1 17 107 
2015 0.6 18 95 
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Year 
Annual Average Effluent Concentrations 

TAN 
(mg/L)   

Nitrate and Nitrite 
(mg/L)   

Alkalinity 
(mg/L as CaCO3) 

2016 0.2 17 101 
2017 0.1 17 119 
2018 0.1 17 97 

 

The annual average loadings from the WPCP to the Saugeen River are presented in Table 11 

Table 11 – Summary of Average Wastewater Effluent Loadings (2014-2018) 

Year 
Average Annual Loading 

BOD5 
(kg/d) 

TSS 
(kg/d) 

TP 
(kg/d) 

2014 4.43 7.1 0.45 

2015 4.87 7.6 0.41 

2016 3.98 5.0 0.31 

2017 4.88 6.0 0.60 

2018 6.03 17.46 0.56 

5-Year Plant Average 4.8 8.6 0.50 

CofA Compliance 
Limit 76.1 76.1 3 

Loadings from the WPCP to the Saugeen River are well below the loadings permitted by the Certificate of 
Approval.  The 5-year average annual BOD5 loading is 10.4 kg/d, which is approximately 14% of the 
compliance limit.  The 5-year average annual TSS loading is 9.18 kg/d., which is approximately 12% of the 
compliance limit.  The average annual total phosphorous loading is 0.50 kg/d, which is approximately 16% 
of the compliance limit. 

In terms of pollutant loadings to the Saugeen River, the Southampton WPCP is well below its regulated 
limits and would theoretically be able to increase loadings to the River, i.e. accept more flow to the WPCP 
and still be in compliance with the existing C of A limits. However, the feasibility of the plant accepting 
higher flows also hinges on the hydraulic and process capacity of the plant's treatment processes.   

5.0 Capacity Assessment 
The treatment capacity of each unit process at the Southampton WPCP was assessed using historical plant 
performance data, operational data, Certificate of Approval requirements, discussions with operations staff, 
and typical design parameters for the province of Ontario as recommended by the MECP. 

The raw wastewater characteristics used in the capacity assessment were the historical average 
concentrations previously presented in this TM.  Table 12 lists the parameters, parameter values, and 
source reference for each parameter that was used in this capacity assessment. 
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Table 12 – Parameters and Values Used in Capacity Assessment 

Parameter Parameter Value Source of Parameter Value 

Average Day Flow: 2,134 m3/d 2014-2018 average 
Peak Day Flow: 5,713 m3/d Occurred in Feb 2018 

Peak Hourly Flow: 80 (L/s) 2019 I&I Study. Plant operators report observing 86 L/s 
in March 2019. 

Raw Influent BOD5: 79.5 mg/L 2018 average 

Oxidation Ditch 
MLSS: 5,593 mg/L 2018 average 

Oxidation Ditch 
MLVSS 3,756 mg/L 2018 average 

WAS Flow 46 m3/d 

No flow meter installed on WAS line.  This estimate is 
based on manual measurements taken by plant 
operations from May 2018 to Mar 2019 
 

WAS VSS:TSS: 0.67  2018 RAS VSS and TSS concentration 

WAS TSS: 14,000 mg/L 2018 average 

WAS VSS: 9,387 mg/L 2018 average 

RAS Flow: 3,456 m3/d 2018 estimate - operator input 

TS in Primary 
Digester: 26,950 mg/L 2018 average 

VS in Primary 
Digester: 13,970 mg/L 2018 average 

5.1 Inlet Forcemain 
The Southampton WPCP is fed by a 350 mm diameter inlet forcemain, which has a peak capacity of 13,583 
m3/d (157 L/s). 

The 2019 Inflow and Infiltration Study (B.M. Ross), monitored flows at SPS 1, SPS 2, and SPS 3 from April 
11, 2019 to August 21, 2019.  These three pump stations pump to the Southampton WPCP. Based on 
observations from the 2019 I&I study report, the highest cumulative flow recoded during the observation 
period occurred on April 21, 2019. On this day, the total flow to the three stations peaked at 9,027 m3/d 
(104 L/s).  The total cumulative flow for that day was approximately 5,296 m3.  However, operations staff 
report recording a peak day flow of 5,713 m3 in March of the same year, prior to the I&I study. In addition, 
it is probable that higher peak flows were received at the plant during days with intense rainfall events. 
Intense rainfall events tend to be highly localized and very short duration; it is common to have short-
duration high-intensity peaks through a collection system without significantly impacting the overall flow 
rate for a given day. The data available at the time of this study were insufficient to conclusively demonstrate 
this phenomenon in the particular case of Southampton.   
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In March of 2019, during a heavy spring thaw, the plant observed a flow of 86 L/s, which was the 
maximum reading possible by the OCM, that lasted for a few hours.  The actual flow might have been 
higher than observed, however, without more detailed data from the system, it is not possible to confirm. 
 
During that event, both pumps at SPS 1 needed to be operated in HAND mode to manage the high flows.  
Having both pumps running at the same time at this SPS is not typical.  The high-level alarm at SPS 3, 
which pumps into the same forcemain as SPS 1, was activated.  This alarm signaled that SPS 3 was 
unable to pump into the forcemain.  It was postulated that SPS 3 did not have sufficient pumping capacity 
to over-come the pressure developed in the forcemain when both pumps at SPS 1 were running.  

This event may be an indication that, while the existing forcemain is capable of handling flows up to 157 
L/s, insufficient pumping capacity in the pumping stations is preventing achieving this flow.  If the plant were 
to increase its capacity, the SPS pump capacities would need to be reviewed to confirm that each pumping 
station is able to pump into its respective forcemain under all required conditions. 

5.2 Headworks 
The main unit processes in the headworks area are the manual bar screen and the grit channels. Influent 
wastewater flows across the bar screen then through the grit channels.   

 Screening 
The screens at the WPCP are designed for a peak flow of 10,647 m3/d1, which is well above the plant’s 
rated peak capacity. The screens are cleaned manually by operations staff.   

The extended air process requires only coarse screening as pre-treatment and the existing screens are 
considered adequate from a process performance perspective.  However, the screens are very labour 
intensive and should be considered for replacement when upgrades to the plant are being evaluated. 

 Grit Removal 
Two horizontal-flow grit chambers are used in the headworks to remove grit from the raw wastewater. Each 
channel is 8.2m long, 0.94m wide, 0.86m deep, and have a rectangular cross-section.  Typically, only one 
channel is in service at a time. The off-line channel can be cleaned and is available in the event of higher 
flows. 

Per the MECP’s design guidelines, horizontal-flow grit channels are typically designed based on the plant’s 
peak hourly flow (PHF) and peak hourly grit loadings.  Standard engineering practice is to limit velocity 
through the channel to 0.3 m/s maximum.  The historical performance of the grit channels with one channel 
in service is summarized in Table 13. Note that the results shown in Table 13 use the historical peak day 
flow (PDF) rather than the peak hourly flow since the plant’s SCADA system does not record PHF.  The 
performance shown in Table 13 are more conservative than actual.  

Table 13 shows that the grit channel performance characteristics for the three key design parameters are 
outside the recommended range.  Plant operations have reported that there is significant grit carry-over 
into the oxidation ditches, which is likely due to the inadequate channel design.  The oxidation ditches need 
to be periodically taken out of service to remove accumulated grit in the grit channels.   

 
1Facility Optimization Report for the Southampton Treatment Plant, OCWA, 2017 
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Table 13 – Grit Channel Current Operating Conditions 

Design  Parameter Historical Average Typical Design Values* 
Horizontal Velocity based on PDF (m/s) 0.023 0.25 – 0.4 
Detention Time based on PDF(s) 25 45 - 90 
Settling Velocity based on PDF (m/s) 0.09 1.0 – 1.3 

* Metcalf and Eddy, Wastewater Engineering-Wastewater Engineering Treatment and Disposal- Fourth Ed. 

At the plant’s recorded peak day flow of 5,713 m3/d and limiting the horizontal velocity through the tank to 
0.25 m/s (lower end of the recommended range), the channel length required to achieve 100% grit removal 
is approximately 23m. The length of the existing grit channel is 8.2m, indicating that the grit channels do 
not have sufficient capacity to adequately remove grit at the observed peak flows.  

The available capacity of the of the grit channels is shown in Table 14.  The results shown reflect having 
one channel in service and using horizontal velocity and detention time as the limiting design parameters. 

Table 14 – Grit Channel Capacity Assessment 

Limiting Parameter 
Potential PHF 

Capacity 
(m3/d) 

Spare  
Capacity* 

(m3/d) 
Horizontal Velocity (0.25 m/s minimum) at PDF 7,553 1,469 
Detention Time (45s minimum) at PDF 3,211 -2,873 
*Compared with the plant’s current rated peak day capacity of 6,084 m3/d. Using actual peak hour flows would 
result in lower spare capacity. 

Table 14 shows that detention time is the limiting design parameter for the grit channels and, based on the 
current configuration, each channel is able to handle a peak hour flow of 3,211 m3/d (37 L/s). With both 
channels in service the peak hour flow capacity would be 6,422 m3/d (74 L/s), translating to an ADF of 
approximately 3,211 m3/d, based on the plant’s peak day factor of 2.  It is noted that the plant’s peak hour 
factor would be higher than 2.0, which would translate to a lower ADF capacity.  However, in light of the 
PHF not being available at the time of the TM’s preparation, 3,211 m3/d is carried through as the ADF 
capacity of the grit channels.  

The peak hour flow cited in the 2020 I&I study report was 6,946 m3/d. This is a peak-hour factor of 2.3 and 
translates to an ADF capacity for the grit channel of approximately 2,792 m3/d, which is lower than the 
current rated ADF capacity.  

The results of the capacity analysis and operational experience show that the grit channels are undersized 
for current observed flows based on both grit removal capacity and detention time and will need to be 
expanded.  

5.3 Secondary Treatment 

 Oxidation Treatments 
The Southampton WPCP employs two oxidation ditches as the biological treatment process.  Each 
oxidation ditch provides a treatment volume of 1,300 m3. The oxidation ditches have the functionality of an 
extended aeration process. Aeration is performed by a brush aeration mechanism.  
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Table 15 presents the current operational performance of the oxidation ditches in terms of key design 
parameters and the associated guideline values for each parameter. 

Table 15 – Oxidation Ditches Current Operating Conditions 

Design  Parameter Historical Average Typical Design Values* 
Organic Loading Rate (kg BOD5/m3-d)) 0.07 0.17 - 0.24 
Food to Micro-Organism Ratio (d-1) 0.02 0.05 - 0.15 
Hydraulic Retention Time (hrs) 28 15 minimum 
Return Sludge Rate (% of ADF) 157 50 - 200 
Solids Retention Time (days) 23 15 minimum 
MLSS (mg/L) 5,593 3000 - 5000 
*Per MOE Design Guidelines for Sewage Works 2008 

The organic loading rate (OLR) and food to micro-organism ratio (F:M) are both below the typical range for 
an extended aeration plant. The low OLR is due to the low-strength nature of the wastewater received at 
the plant.  At 5,593 mg/L, the MLSS is slightly above the MECP’s recommended limit of 5,000 mg/L.  The 
low OLR and high MLSS result in the low F:M ratio.   

The available capacity of the oxidation ditches based on the limiting values for key design parameter are 
shown in Table 16. 

Table 16 – Oxidation Ditches Capacity Assessment 

Limiting Parameter Potential ADF Capacity 
(m3/d) 

Spare  
Capacity 

(m3/d) 
OLR (0.24 kg/(m3-d) maximum) 7,849 5,645 
F:M (0.15 d-1 maxi mum) 18,426 16,222 
HRT (15 hrs minimum) 4,160  1,956 
SRT (15 days minimum) 17,845* 14,803 
*Based on maintaining the current WAS flow to digester. 

The capacity analysis shows that hydraulic retention time is the limiting design parameter for expansion of 
the oxidation ditches.  The oxidation ditches could accommodate an average day flow up to 4,160 m3/d. 

The governing design parameters for the oxidation ditches (extended aeration) in the MECP’s design 
guidelines are based on average day flows.  There is no limiting factor related to peak flows, which indicates 
that, provided that the aeration process can hydraulically handle the peak flows then the aeration system 
can manage those elevated flows.  There is no peak-flow limit for the oxidation ditches as a stand-alone 
unit.  The flow limitation in terms of the whole plant is the capacity of the downstream processes, specifically, 
the secondary clarifiers and disinfection. 

 Secondary Clarifiers  
The Southampton WPCP has four secondary clarifiers, with combined surface area of 250 m2. 

Table 17 presents the current performance of the secondary clarifiers in terms of the key design parameters 
and typical/recommended values for each parameter. 
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Table 17 – Secondary Clarifiers Current Operating Conditions 

Design  Parameter Historical Average Typical Design Values* 
Surface Overflow Rate (m3/m2-d) 30  37 maximum  
Peak Solids Loading Rate (kg/m2-d) 128 170 maximum 
*Per MOE Design Guidelines for Sewage Works 2008 

The secondary clarifiers are currently operating within the MECP’s recommended range for surface 
overflow rate and peak solids loading rate. 

Table 18 below presents the capacity analysis for the secondary clarifiers using the limiting values for the 
design parameters. 

Table 18 – Secondary Clarifiers Capacity Assessment   

Limiting Parameter 
Potential PDF 

Capacity 
(m3/d) 

Potential PHF 
Capacity 

(m3/d) 

Spare  
Capacity 

(m3/d) 
Peak Hourly SOR  
(27 m3/(m2-d) minimum)  9,269 1,838* 

Peak Daily Loading Rate  
(170 kg/(m3-d) maximum) 7,614  1,901** 

*Spare capacity based on observed plant hourly peak flow 
 **Spare capacity based on observed peak day flow. 

The capacity analysis indicates that the peak daily loading rate is the parameter that limits capacity of the 
secondary clarifiers.  Using the peak day flow factor of 2.1 observed in the historical plant flow data, the 
calculated peak day flow capacity shown in Table 18 translates to an average day flow of 3,626 m3/d. 

5.4 Disinfection 
Disinfection at the Southampton WPCP is performed by UV radiation.  The UV disinfection system has 
been meeting the effluent limits, with no exceedances in the past five years.   

Per the WPCP's CofA, the disinfection system is designed to treat a peak instantaneous flow of 7,605 m3/d, 
which is used as the available capacity for the purposes of this capacity assessment. 

5.5 Outfall 
Effluent from the WPCP is transferred by gravity flow to the Saugeen River through a 250 mm diameter 
outfall pipe.  There was no information of the outfall pipe and it’s details available at the time of this 
assessment.  It was not possible to establish the actual slope of the outfall pipe and thus not possible to 
accurately calculate its capacity.  However, given the substantial elevation change between the plant and 
the river, it is considered that the effluent pipe capacity is not a limiting factor in terms of plant capacity 

5.6 Sludge Digestion 
The plant performs sludge stabilization using a two-stage aerobic digester.  The working volume of the first 
stage is 145 m3 in the working volume of the second stage is 70 m3.  The total digester working volume is 
215 m3. The key parameters used in designing aerobic digesters are the volatile solids loading rate and the 
solids retention time.  Table 19 shows current digester performance as it relates to these two parameters. 
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Table 19 – Aerobic Digester Current Operating Conditions 

Design  Parameter Historical Average Typical Design Values* 
Solids Loading Rate (kg VSS/m3-d)) 3.0 1.6 kg VSS/(m3-d) 

Total System Solids Retention Time 
(including oxidation ditch SRT) (days) 36 

45  
(including activated sludge 

process SRT) 

*MOE Design Guidelines for Sewage Works, 2008 

The data indicates that both the solids loading rate and the solids retention time do not meet the 
recommended guidelines. 

The solids loading rate is approximately 88% higher than the recommended 1.6 kg VSS/(m3-d). The 
system's SRT is nine days less than the MOE’s guideline of 45 days.  The digesters are undersized for the 
current plant flows.  In order to achieve the recommended solids loading rate, a digester with a first stage 
volume of 270 m3 would be required, compared with the existing 145 m3. 

Despite the digester being undersized, the plant is still able to achieve the required level of stabilization for 
land application. This is likely due to additional stabilization that occurs in the biosolids holding tanks 
throughout the winter months. 

The available digester capacity was estimated using the solids loading rate as the limiting design parameter 
and is shown in Table 20. 

Table 20 – Aerobic Digester Capacity Assessment 

Limiting Parameter Potential ADF Capacity 
(m3/d) 

Spare  
Capacity 

(m3/d) 
Solids Loading (1.6 kg VSS/(m3-d) 
maximum) 1,147 0 

Based on the recommended solids loading rate of 1.6 kgVSS/(m3-d), the capacity of the existing digester 
is 1,147 m3/d.  

5.7 Biosolids Storage 
There are four biosolids storage tanks that provide a combined storage volume of 1,315 m3.  According to 
the plant’s 2017 annual performance report, a total of 2,608 m3 of biosolids was hauled off-site for land 
application.  This annual amount translates to a daily biosolids generation rate of 7.1 m3/day.  

The Nutrient Management Regulations (O. Reg 267/03) and O. Reg. 392/08 recommend that 240 days (8 
months) of storage be provided.  The eight months guideline is based on the fact that land application 
takes place between April and September and during the remaining eight months of the year biosolids 
would need to be stored on site, unless other arrangements are in place to remove the biosolids from the 
WPCP.  However, the 240 days storage is not a requirement but a best practice measure. 

The plant currently has storage capacity to accommodate 183 days of biosolids production at the 7.1 
m3/day production rate.    

Currently, the plant does not have alternate arrangements to remove biosolids from the facility during the 
winter months and has been managing biosolids storage on-site.  Plant operations report having difficulty 
managing storage toward the end of the colder months, when available tank capacity is low.  Plant 
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operations manually coordinate the flow of stored biosolids between the four tanks in an attempt to 
accommodate flows from the digester.  This is an indication that the biosolids holding tanks are at or 
approaching capacity. 

6.0 Potential for WWTP Expansion 
Table 21 presents the capacity assessments for the major processes at the Southampton WPCP.    

Table 21 – Summary of Capacity Assessment 

Treatment Process 

Potential Capacity 

Average Day Flow 
(m3/d) 

Peak Day Flow 
(m3/d) 

Instantaneous 
Peak Flow 

(m3/d) 
Inlet Forcemain 8,312  16,625 
Bar Screens 5,324  10,647 
Horizontal-Flow Grit Channels 3,211* 6,422*  
Oxidation Ditches 4,160**   
Secondary Clarifiers 3,626 7,614 9,269 
UV Disinfection 3,803  7,605 
Aerobic Digester 1,147   

Liquid Train ADF Capacity (m3/d) 3,211   

Solids Train ADF Capacity (m3/d) 1,147   
*This is the capacity with both grit channels in service.  
**Based on minimum allowable HRT.  However, there are no design guideline parameters that limit peak flow. 

The results of the capacity assessment indicate that the maximum ADF the plant can currently 
accommodate in the liquid treatment train is 3,211 m3/d, which is limited by the capacity of the grit channels. 
The maximum plant ADF that can be accommodated by the existing solids treatment train is 1,147 m3/d, 
which is limited by the capacity of the digester.  It is also noted that the limiting process in the secondary 
treatment train is the secondary clarifiers since performance of the oxidation ditches is limited only by the 
amount of flow they can hydraulically manage.  

Figure 3 shows the potential average day flow capacity of each treatment unit evaluated.  The inlet 
forcemain and effluent/outfall pipe were excluded from Figure 3 since these components can be relatively 
easily upgraded to suit capacity needs.   
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Figure 3 – ADF Capacity of Major WPCP Treatment Units 

The WPCP’s sludge stabilization capacity must be increased to meet current MECP design guidelines. The 
other unit operations are adequately sized for the current rated ADF. 

The year 2049 ADF flow for the Southampton community was estimated as 3,247 m3/d. Refer to the 
technical memorandum entitled “Existing and Future Sewage Flows”, prepared as part of this Class EA for 
details of the future flow assessment.   

Potentially, the WPCP’s ADF could be increased to match the ADF of the secondary clarifiers, which would 
be sufficient for year 2049 average day flows.  This would require an expansion of the UV disinfection 
system and the grit channels.  Replacement of the existing headworks process as recommendation of the 
WPCP’s condition assessment. Refer to the technical memorandum entitled “Water Pollution Control Plant 
and Sewage Pumping Station Condition Assessment” for details of the assessment.  

This approach would accommodate the projected 2049 average day flows, however, the plant currently 
experiences difficulties managing peak-flow events, such as those occurring during the spring thaw.  A 
separate solution would need to be implemented to address peak-flow issues.  
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6.1 Managing Peaks 
In order to manage the peak flows there are two proposed approaches, both involving storing flows in 
excess of the plant’s rated peak capacity until such time as the stored flows can be transferred to the plant 
for treatment.  The first approach would be to maintain the WPCP’s existing rated peak capacity of 6,084 
m3/d (70 L/s) and provide a peak flow retention tank for all flows above that capacity, i.e., flows measuring 
greater than 70 L/s. Peak flow retention could be designed to provide storage for a full peak day or a few 
hours during a peak-flow event.  This approach is depicted in Figure 4, using data from the day in the 2019 
I&I study with the highest recorded flows (April 21, 2019).  Flows above the WPCP’s current rated peak 
capacity would be stored.  

 

Figure 4 – Combined Flow from SPS 1 and SPS 3 Rated Peak Capacity-Current Flows and 
Existing WPCP Peak Capacity 

The second approach would be to maximize the peak capacity of the existing treatment processes, above 
the current rated peak capacity, and store flows above the re-rated peak capacity.  The capacity 
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assessment shows that the secondary treatment process could manage a peak flow of 9,269 m3/d, which 
is the peak overflow capacity of the clarifiers, provided that other processes are upgraded to meet this 
capacity. The cumulative overflow volume would be all flows above 9,269 m3/d (107 L/s).  The UV 
disinfection system and grit channels would need to be expanded to match the rerated peak flow and a 
method of controlling the levels in the oxidation ditches would be needed. 

6.2 WPCP Effluent Limits 
As previously mentioned, if the Southampton’s ADF capacity were increased to match the existing capacity 
of the secondary clarifiers (3,626 m3/d), this would allow the plant to meet the projected 2049 ADF.  This 
approach would require that the WPCP be re-rated to 3,626 m3/d.  In light of the fact that the plant’s current 
performance far exceeds the requirements stipulated in its Certificate of Approval, it is estimated that the 
increase in flow to 3,626 m3/d, would result in loadings that would remain below the current effluent limits 
and loadings.  Refer to Table 22 for current effluent limits and Table 23 for historical plant performance 
data. 

Table 22 – Southampton WPCP Current CofA Effluent Limits 

Parameter Average Annual 
Concentration 

Average Annual  

Loading 
BOD5 25 mg/L 76.1 kg/d 
Total Suspended Solids (TSS) 25 mg/L 76.1 kg/d 

Total Phosphorous (TP) 1 mg/L 3 kg/d 

E. Coli 200 per 100mL N/A 
   

Table 23 – Summary of Plant Performance 

Year 
Annual Average Effluent Concentrations 

BOD5 
(mg/L)   

TSS 
(mg/L)   

TP 
(mg/L)   

E. Coli 
(CFU/100mL) 

2014 2.37 3.96 0.26 5.35 
2015 3.43 5.5 0.29 8.4 
2016 2.29 2.88 0.09 6.7 
2017 2.21 2.75 0.27 5.7 
2018 2.8 8.8 0.28 13 
CofA 

Compliance 
Limit 

25 25 1.0 200 

 

Historical average annual loading for BOD5, TSS, and TP have been 4.8 kg/d, 8.6 kg/d, and 0.5 kg/d, 
respectively. Refer to Table 6. 
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The current observed ADF is 2,134 m3/d and increasing to 3,626 m3/d is an approximately 70% increase in 
flow.  Assuming a linear relationship between flow and pollutant loading and that the plant’s historical 
performance is maintained moving forward, the increased flow would result in an average annual loading 
to the Saugeen River for BOD5, TSS, and TP of 8.2 kg/d, 14.6 kg/d, and 0.9 kg/d, respectively. The projected 
year 2049 loading for all regulated parameters is less than 30% of the current allowable average annual 
loadings.  Based on this evaluation, it is proposed that the current effluent limits and loadings be maintained 
if the WPCP’s rated capacity were increased to 3,626 m3/d.  

7.0 Conclusion 
The year 2049 ADF wastewater flow for the Southampton community was estimated as 3,247 m3/d. This 
flow represents a capacity increase of 7%, from 3,042 m3/d.  

The capacity assessment shows that the existing plant can currently accommodate an increase in ADF 
flow up to 3,211 m3/d in the liquid treatment train, which will not carry the facility through to year 2049.  The 
limiting process for this increase is the grit channels.   

The ADF capacity of the secondary clarifiers is 3,626 m3/d.  In order to meet the year 2049 ADF of 3,247 
m3/d, it is recommended that the Southampton WPCP increase the capacity of the grit channels and UV 
disinfection system to match the current ADF capacity of the secondary clarifiers. This would increase the 
plant’s ADF capacity to 3,626 m3/d, which is sufficient to meet 2049 flows.  The WPCP would have to be 
rerate to 3,626 m3/d. 

One of the recommendations of the condition assessment is construction of a new headworks facility.  IT 
is recommended that the new headworks facility be sized with sufficient capacity to meet year 2049 flows. 

The current sludge stabilization capacity needs to be increased since the existing digester is undersized 
for current flows and the biosolids storage tanks are approaching their capacity limit.  It is recommend 
that the digester capacity be increased to match the existing ADF capacity of the secondary clarifier, 
which would be sufficient for year 2049 ADF. 

The expansion proposed above would address current and future ADF, however, it would not alleviate the 
peak flow issues currently experienced at the plant and expected to persist into the future.  It is 
recommended that a peak-flow attenuation/equalization tank be constructed to provide the plant with a 
means of managing current and projected peak-flows.
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SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

PLANT OPERATIONAL DATA USED IN CAPACITY ASSESSMENT CALCULATIONS

Plant Rated Capacity: 3042 m3/d Per CofA

Peak Rated Capacity: 6084 m3/d Per CofA

Average Day Flow: 2134 m3/d 2014‐2018 average

Peak Day Flow: 5713 m3/d (occurred in Feb 2018)

Peak Hourly Flow: 86 L/s (reported by plant during 2019 spring thaw. Higest historical hourly max)

Total Supernatant Flow*:  53 m3/d

(No flow meter on supernatant line.  This estimate is based on manual measurements taken 

by plant operations from May 2018 to Mar 2019)

Supernatant TSS:  500 mg/L (from 2017 Facility Optimization Report by OCWA)

Digester Supernatant Flow: 43 m3/d

(No flow meter on digester supernatant line.  This estimate is based on manual measurements 

taken by plant operations from May 2018 to Mar 2019)

Raw Influent BOD5: 79.5 mg/L (2018 average)

Raw Influent VSS: 110 mg/L
(estimated as low end of MOE recommended range for VSS, based on plant's measured TSS 

concentration from 2014 to 2018 being on the low end of the spectrum)

Ditch MLSS: 5593 mg/L (2018 average)

Ditch MLVSS 3756 mg/L (2018 average)

WAS Flow 46 m3/d

(No flow meter on WAS line.  This estimate is based on manual measurements taken by plant 

operations from May 2018 to Mar 2019)

WAS VSS:TSS: 0.67 mg/L (based on 2018 RAS VSS and TSS concentration)

WAS TSS: 14000 mg/L (2018 average)

WAS VSS: 9387 mg/L (based on 2018 RAS TSS:VSS ratio)

MLVSS in Ditch Effluent 3756 mg/L (2018 average same as Ditch MLVSS)

RAS Flow: 3456 m3/d (2018 estimate ‐ operator input‐email)

Sludge in Primary Digesters TS: 26950 mg/L (2018 average)

Sludge in  Primary Digester VS: 13970 mg/L (2018 average)

RAS TSS: 9377 mg/L (2018 average)

RAS VSS: 6287 mg/L (2018 average)

RAS VSS:TSS Ratio: 0.67047

*Supernatant not monitored regularly and quality not analysed by plant. Supernatant effects on plant capacity have been excluded from capacity assessment 

calcs.



Side Calculation
SOUTHAMPTON WPCP EXPANSION CLASS EA https://nptel.ac.in/courses/105105048/M15L19.pdf
WPCP CAPACITY ASSESSMENT
GRIT CHANNELS pg 1 of 3

Plant Rated Capacity:  3042 m3/d Per CofA
Peak Rated Capacity: 6084 m3/d Per CofA

Channel Dimensions:
Channel Length 8.2 m each Per OCWA measurements
Channel Width 0.94 m each Per OCWA measurements
Channel Depth 0.86 m each Per OCWA measurements

Number of Channels 2
Channel Walls:   Vertical (no sloped sides). Slide slope in floor in direction of flow)

Operational Data:
Average Day Flow: 2134 m3/d

Peak Day Flow: 5713 m3/d

Design Requirements:

Metcalf & Eddy ‐ 4th edition 
Typical Design Information for horizontal‐flow 

Parameter Range Typical Units
Detention Time 45‐90 60 s

Horizontal Velocity 0.25‐0.4 0.3 m/s
Settling Velocity:

0.21 mm (65‐mesh) 1.0‐1.3 1.15 m/min

0.15 mm (65‐mesh) 0.6‐0.9 0.75 m/min
Head loss in a control 
section as percent of 
depth in channel 30‐40 36 %
Added length allowance 
for inlet and outlet 
turbulence 25‐50 30 %



SOUTHAMPTON WPCP EXPANSION CLASS EA
WPCP CAPACITY ASSESSMENT
GRIT CHANNELS page 2 of 3

Following Example 1 Using Maximum Recommended Horizontal Velocity as Limiting Design Parameter
units References

Depth 0.86 m From OCWA

Peak Daily Flow =  5713 m3/d (Plant information)
Remove freebored (0.3m) and grit accomodation 

(0.25m) = 0.31 m Assumed grit depth
0.06612269 m3/s

Width 0.94 m From OCWA
Max Horizontal Velocity =  0.3 m/s (Metcalf & Eddy edition 4)

Therefore
Length of Chamber (assuming typical 
detention time of 60 seconds) =  18 m

Therefore, Chamber is still not 
long enough  Working Cross Sectional Area =  0.2914 m2

Volume of Chamber = 3.96736111 m3 Existing Length = 8.2 m From OCWA

Remove 30% for inlet and outlet additional length = 5.74 m
Cross Sectional Area = 0.22040895 m2

Working Volume 1.672636 m3
Therefore 
Width 1 m Close to existing width Max Horizontal Velocity 0.3 m/s Metcalf and Eddy
Depth 0.25 m

Peak Flow Rate per Channel: 0.08742 m3/s
per channel (this is peak hourly flow per 
MECP design guidelines)

Provide 30% additional length for inlet and 
outlet =  23.4 m 7553 m3/d Therefore there's enough capacity

Total Peak Flow with Both Channels: 15106.176 m3/d
Need 0.3 m free board and 0.25 m grit 
accumulation, therefore depth =  0.8 m Close to Existing Depth Detention Time (Volume/Flow Rate) 5.57545333 s Outside of typical range (45‐90 seconds)

Current Velocity at Peak Flow in One Channel: 0.023 m/s OK
Current Velocity at Peak Flow in Two Channels: 0.011 m/s OK

Note: It appears the geometry of the tank is wrong, needs to be longer to capture grit but the current configuration can 
handle flow volumes



SOUTHAMPTON WPCP EXPANSION CLASS EA
WPCP CAPACITY ASSESSMENT
GRIT CHANNELS pg 3 of 3

Using Recommended Detention Time as Limiting Design Parameter
units References

Recommended Detention Time = 45 s Minimum per Metcalf & Eddy

Depth 0.86 m From OCWA
Remove freeboard and grit accomodation 

= 0.31 m

Width 0.94 m From OCWA

Therefore

Working Cross Sectional Area = 0.2914 m From OCWA

Length = 8.2 m From OCWA
Remove 30% for inlet and outlet = 5.74 m

Working Volume =  1.672636 m3

Peak Flow Rate per Channel: 0.03717 m3/s
per channel (this is peak hourly flow per MECP design 
guidelines)

3211 m3/d
Less than plant's rated peak capacity, therefor not enough 
capacity in channel

Total Peak Flow with Both Channels: 6423 m3/d

Need both channels in service to meet peak day flow.  
However, insufficient capacity for peak hour flow, which 
is the design basis for grit channels, therefore insufficient 
capacity even with both channels in service. 

Horizontal Velocity =  0.127556 m/s Outside recommended range of 0.25‐0.4m/s.

Current Detention Time at Peak Flow in One Channel: 25.30 s Too low
Current Detention Time at Peak Flow in Two Channels: 50.59 s Too low



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT From the MOE's Design Guidelines for Sewage Works 2008

OXIDATION DITCHES page 1 of 2

Plant Rated Capacity:  3042 m3/d Per CofA

Peak Rated Capacity: 6084 m3/d Per CofA

Peaking Factor: 2.0

Ditch Dimensions:

Volume of Ditch: 1300 m3 each Per CofA

Number of Ditches: 2

Operational Data:

Average Day Flow: 2134 m3/d 2014‐2018 average

Peak Day Flow: 5713 m3/d (occurred in Feb 2018)

Supernatant Flow:  53 m3/d (2018 average)

Supernatant TSS:  500 mg/L from 2017 Facility Optimization Report by OCWA)

Raw Influent BOD5: 79.5 mg/L (2018 average)

Ditch MLSS: 5593 mg/L (2018 average)

Ditch MLVSS 3756 mg/L (2018 average)

WAS Flow 46 m3/d from 2017 Facility Optimization Report by OCWA)

WAS VSS:TSS: 0.67 (based on 2018 RAS VSS concentration)

WAS TSS: 14000 mg/L (2018 average)

MLVSS in Ditch Effluent 3756 mg/L (2018 average)

RAS Flow: 3456 m3/d (2018 estimate ‐ operator input‐email)

Efluent BOD5:  2.88 mg/L (2018 average)

 Value

Potential 

Capacity 

(m3/d)

Spare 

Capacity

(m3/d)

Organic Loading Rate (kg BOD/(m3‐d)) 0.07 7849 5715
Based on max 0.24 kg/BOD5/(m3d)

F/M (d‐1) 0.02 18426 16292

Hydraulic Retention Time (hr) 29 4160 2026

Return Sludge Rate (% of ADF) 162% N/A N/A

Solids Retention Time (d) 23 17,845                 15711

MLSS (ml/L) 5593 N/A N/A

Design Parameter

See capacity calcs below



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

OXIDATION DITCHES page 2 of 2

SRT Potential ADF:

Set SRT to be 15 days (minimum per MOE)

SRT =  (Ditch Volume) x (Ditch MLVSS)

(WAS Flow) x (WAS VSS Concentration)

Only MLVSS is a function of inlet flow in SRT equation, so solving for MLVSS:

MLVSS =  (SRT) x (WAS Flow) x(WAS VSS Concentration)

Ditch Volume

@ SRT = 15 days MLVSS = 2491 mg/l

Another Expression for MLVSS is:

MLVSS =  (SRT)x(Y)x(Influent BOD concenration ‐ Eff BOD Concentration) (Metcalf and Eddy 3rd Edition)

(HRT)x[1 + (kd) x (SRT)]

Y: Sludge yield coefficient (kg VSS produced/kg BOD destroyed)

Y: 0.6 (kgVSS/kgBOD)(typical for activated sludge process)

(kd): endogenous decay coefficient (d
‐1) (assume 0.6, which is typical for ww)

0.06 (d‐1)(assume 0.6, which is typical for ww)

HRT = (Ditch Volume)

Influent Flow

so MLVSS =  (Influent Flow) (SRT) x (Y) x ((Influent BOD concenration ‐ Eff BOD Concentration)

(Ditch Volume) x [1 + (kd) x (SRT)]

Influent Flow =  (MLVSS) x (Ditch Volume) x [1 + (kd) x (SRT)]

(SRT) x (Y) x (Influent BOD concenration ‐ Eff BOD Concentration)

when MLVSS = 

2491
Influent Flow =  17,845                           m3/d

(assumes difference in influent and effluent 

flow is negligible)



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

SECONDARY CLARIFIERS

Plant Rated Capacity:  3042 m3/d Per CofA

Peak Rated Capacity: 6084 m3/d Per CofA

Peaking Factor: 2.0

Clarifier Dimensions:

Clarifier 1&2 Length: 14.6 m each Per CofA

Clarifier 1&2 Width: 4.3 m each

Clarifier 1&2 Surface Area: 125.56 m2

SWD: 3.65 m from FOP pg 54

Clarifier 3&4 Length: 14.63 m each Per CofA

Clarifier 3&4 Width: 4.27 m each

Clarifier 3&4 Surface Area: 124.9 m2

SWD: 3.65 m from FOP pg 54

Total Clarifier Surface Area: 251 m2

Operational Data:

Average Day Flow: 2134 m3/d 2014‐2018 average From MOE Design Guidelines for Sewage Works 2008

Peak Day Flow: 5713 m3/d (occurred in Feb 2018)

Peak Hourly Flow: 86 L/s (reported by plant during 2019 spring thaw. Higest historical hourly max)

5593
mg/L

Same as ditch MLSS

 Value

Potential 

Capacity 

(m3/d)

Spare 

Capacity*

(m3/d)

30 9269 1838 Peak instantaneous

128 7614 1901 Peak day

*Peak capacity

TSS into Secondary Clarifier 

(MLSS):

Design Parameter

Surface Overflow Rate (SOR) at Design Peak 

Hourly Flow

(m3/(m2‐d)

Peak (Day)Solids Loading Rate

(kg/(m2‐d)



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

UV DISINFECTION SYSTEM

Per CofA Peak Capacity =  7605 m3/d



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

DIGESTERS page 1 of 4

Plant Rated Capacity:  3042 m3/d Per CofA

Peak Rated Capacity: 6084 m3/d Per CofA

Peaking Factor: 2.0

Digester Dimensions:

Digester 1st Stage Volume: 145 m3/d

Digester 2ndt Stage Volume: 70 m3/d

Operational Data:

Average Day Flow: 2134 m3/d 2014‐2018 average

Peak Day Flow: 5713 m3/d (occurred in Feb 2018)

WAS Flow to Digesters: 46

m3/d

WAS Solids Concentration: 14000 mg/L (2018 average)

WAS VSS:  9387 mg/L (based on 2018 RAS TSS:VSS ratio)

WAS VSS:TSS Ratio: 0.67 (based on 2018 RAS VSS and TSS concentration)

Sludge in  Primary Digester VS: 13970 mg/L (2018 average)

% Destruction of VS in Digester: 45%

55% (100% ‐ 45% destroyed)

Digester Supernatant Flow: 43 m3/d

RAS TSS: 9377 (2018 average)

RAS VSS: 6287 (2018 average)

RAS VSS:TSS Ratio: 0.67047

(No flow meter on WAS line.  This estimate is based on manual 

measurements taken by plant operations from May 2018 to Mar 2019)

(No flow meter on digester supernatant line.  This estimate is based on 

manual measurements taken by plant operations from May 2018 to Mar 

(assumed based on guidelines in Metcalf and Eddy 3rd Ed. Table 12‐24)

% VS Removed from Digester (not destroyed 

in digester):



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

DIGESTERS page 2 of 4

Design Requirements 

Maximum Solids Loading:  1.6 kgVSS/(m3‐dbased on first stage volume only

Solids Retention Time (SRT): 45 days minimum (includes aeration SRT)

Hydraulic Retention Time:  10 day

Calculations: 

Solids Loading =  WAS Solids Concentration x WAS Flow

Total Digester Volume

SRT (days) =  Weight of VS in Digester

Weight of VS Removed from Digester

Total VSS Loading to Digester =  (WAS Flow) x (WAS TSS) x (VSS:TSS in WAS)

= 431.7829 kgVSS/d

VS Removed From Digester =  (Total VSS Loading to Digester) x (% VS Removed from Digester)

= 237.5 kg/d

Weight of VS in Digester = (Digester Volume) x (VS Concentration in Digester)

= 3003.6 kg

MOE Design Guidelines for 

Sewage Works 2008

MOE Design Guidelines for 

Sewage Works 2008

Metcalf and Eddy 3rd Ed. Table 

12‐24.  MOE does not have a 
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WPCP CAPACITY ASSESSMENT

DIGESTERS page 3 of 4

 Value

Potential 

Capacity 

(m3/d)

Spare 

Capacity*

(m3/d)

3.0 1147 0

13 0 0

Hydraulic Retention Time  72

SLR Potential Capacity:

1.6 kgVSS/m‐d = VSS loading to digester

Digester Volume

VSS loading = 232

solids loading ratio is greater 

than recommended by MECP

Oxidation Ditch SRT is 22 days. 

Total system SRT = 23+13 days 

= 36 days. Lower than 45 days 

recommended by MOE by 9 

days.  No spare capacity 

available

Find capacity flow by equating required percentage reduction in VSS loading to digester as corresponding percentage reduction in 

raw flow to plant

Digester Volume is constant so  VSS loading to digester would 

need to change to achieve 1.6 SLR

kgVSS/day (this is the VSS loading rate required to keep the 

loading rate at 1.6 kgVSS/(m3‐d)

Design Parameter

Solids Loading Rate(kgVSS/(m3‐d)

Solids Retention Time (days)



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

DIGESTERS page 4 of 4

Percentage reduction in VSS loading compared with current loading:

% reduction = (required VSS loading ‐ current VSS loading)

current VSS loading

= ‐46%

46% Reduced Plant Flow =  1147 m3/d (this is the capacity that the digester is designed for)

Volume of Digester Required to Treat Current VSS Loading and Meet 1.6 kgVSS/(m3‐d)

Required Digester Volume = Current Daily VSS Loading

Required SLR of 1.6

= 270 m3

Assume linear relationship between VSS loading to digester and BOD loading to plant, therefore a 46% reduction in VSS loading would 

require a 46% reduction in raw BOD loading and raw flow rate.



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

SLUDGE STORAGE

Plant Rated Capacity:  3042 m3/d Per CofA

Peak Rated Capacity: 6084 m3/d Per CofA

Peaking Factor: 2.0

Holding Tank Capacity:

Holding Tank #1 Volume:  201

Holding Tank #2 Volume:  423

Holding Tank #3 Volume:  394

Holding Tank #4 Volume:  288

Annual Hauled Sludge Volume: 2608 m3 (2017 performance report)

Daily Sludge Generation Rate: 7.1 m3/day

Design Requirements:

Amount of sludge generated in 240 days =  1715 m3

Amount of Storage Available =  1306 m3

Number of days of Storage Available =  183 days

240 days of on‐site storage if all sludge is disposed of by land application (i.e. is only hauled off site 

during summer months)



SOUTHAMPTON WPCP EXPANSION CLASS EA

WPCP CAPACITY ASSESSMENT

OUTFALL SEWER AND INLET FORCEMAIN

From online calculator Q= 0.0639 m3/s

Q= 5520.96 m3/d

Plant Rated Capacity: 3042 m3/d Per CofA

Peak Rated Capacity: 6084 m3/d Per CofA

units units

[1]
Outfall Pipe Slope: 1%

[2] % Full at Max Capacity: 95%

[3] Outfall Pipe Diameter: 250 mm 0.25 m

[4] Outfall Pipe Radius: 125 mm 0.13 m

Manning's Formula Q = (1/n)*A*(R_h^2/3)*(S^1/2)

n (roughness): 0.013

Rh_full 0.0625

A_full 0.049087

Q_full 0.059468 m3/s

5137.994 m3/d

Q_avg 1989.79 m3/d

0.02303 m3/s

Qavg/Qfull 0.39

But we need Qavg/Qfull = 0.95

Based on Mannings chart, 

d/D =  0.87

d =  0.22 m

h = 2r ‐ d = 0.03

Ɵ = 1.475452 rad

A = 0.045337

P =  0.600967

Rh = 0.075441

Q_95% =  0.062266 m3/s

5379.79 m3/d

 Value

Spare 

Capacity*

(m3/d)

5380 2338

Average Day Flow: 2134 m3/d 2014‐2018 average

Peak Day Flow: 5713 m3/d (occurred in Feb 2018)

Peak Hourly Flow: 86 L/s (reported by plant during 2019 spring thaw. Higest historical hourly max)

Foremain Diameter: 350 mm

Design Requirements:

Max velocity in Forcemain: 2 m/s standard design

Design Parameter  Value

Spare Capacity*

(m3/d)

Max Volumetric Flow Possible 

(m3/d)
16625 13583

Southampton WPCP ‐ Inlet Forcemain Pipe Capacity

Southampton WPCP ‐ Outfall Pipe Capacity (Gravity Flow)

Pipe Parameters

Design Flow Using Mannings

Design Parameter

Max Volumetric Flow Possible (m3/d)

from plant data corrected flows 

(2014‐2018)

Assumed (no design data available)


