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1.0

Introduction

The Hanover Wastewater Treatment Plant consists of two separate treatment facilities.
The plant was originally constructed in 1934. Since then it has undergone two
expansions (1960’s and 1980’s) to increase the treatment plant capacity and provide
anaerobic treatment of sludge. Per Ministry of Environment and Climate Control
(MOECC) Certificate of Approval (number #2681-5FDLHS), the plant has a rated
capacity of 6,360 m3/d and currently operates at approximately 70% capacity (5 year
average). The plant can accommodate short term hydraulic peak flow of 19,613 m3/d
Wastewater received at the plant is primarily residential waste however there is a large
meat processing facility which discharges pre-treated waste to the treatment plant.
The plant discharges into the Saugeen River. The Town’s raw sewage is collected and
transported by a series of gravity sewers discharging to the plant. The sewage flows by
gravity to the main pump station, located on the plant site, via two trunk sewers, 685
mm and 600 mm diameter, where it is lifted up to the treatment plant.

1.1

Objectives

The intent of this report is to review the existing treatment plant capacity, unit processes
and provide recommendations for future expansion and opportunities for plant
optimization and operational efficiencies.

2.0
2.1

Review of Influent Characteristics
Historical Flows

A summary of flow data from 2011 to 2015 provided by Town of Hanover operations is
presented in Table 1 below. The historical data clearly shows that the average flows
received at the WWTP are less than the current rated capacity of the plant of 6,360
m3/d. From 2011 to 2015 the average daily flow (ADF) at the WWTP was 4,420 m3/d.
The maximum flows received at the facility have been consistently below the short term
peak flow capacity of the plant (19,613 m3/d). Over this period the WWTP operated at
an average of 70% of rated average day capacity. The maximum day peaking factor on
average over the last five years is 2.1. The plant typically experiences the highest flows
of the year during March and April (see Figure 1), coinciding with the spring melt.
Table 1 - Summary of Flows at Hanover WWTP from 2011 - 2015

Year

Average Daily
Flow (m3/d)

2011

4,188

Maximum
Daily Flow
(m3/d)1
8,100

Maximum Daily
Flow Factor2
1.9
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1
2

Year

Average Daily
Flow (m3/d)

2012
2013
2014
2015
AVERAGE

3,498
3,891
5,624
4,902
4,420

Maximum
Daily Flow
(m3/d)1
7,200
9,146
14,336
8,404
9,439

Maximum Daily
Flow Factor2
2.1
2.3
2.5
1.7
2.1

Maximum daily flow is the maximum flow received during any month of the year.
Maximum day flow factor is the ratio of maximum daily flows and average daily flows.

Monthly Average Influent Flow Rate (2011-2015)
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Figure 1 - Monthly Average Flow Rates: 2011 – 2015

2.1.1 Committed Capacity of WWTP and Future Development in the Town
The most recent evaluation of committed hydraulic capacity was completed as of
December 31, 2014. Based on the calculations provided by the Town, the uncommitted
hydraulic reserve capacity of the plant is 2,128 cubic meters per day. It was noted that
that a flow of 550 L/c/d was used in the calculations by the Town which is higher than
the MOECC recommendation of 225-450 L/c/d. High flow per capita indicate inflow and
infiltration problem within the collection system.
The Town’s Development plan outlines the Town’s existing flow commitments including
approved developments. There are approximately 466 Ha of land to be developed as
shown in the Figure 2.The following assumptions were used to determine future flow
within the Town:
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A1: 100 Ha Industrial, 50 Ha
for Residential and 30 Ha
non-developable
(hydro
lines)
A2: 11Ha Residential
A3: 39 Ha Residential
A4: 9 Ha Residential
A5: 20 Ha Commercial
A6: 32 Ha Commercial
A7: 40 Ha Residential, 12 Ha
Commercial, 8Ha
Institutional, 3Ha nondevelopable (Hazard)
A8: 4 Ha Commercial
A9: 4Ha Residential, 2 Ha
Commercial, 1Ha
Institutional
A10: 13 Ha Residential
A11: 8Ha Institutional, 14Ha
Industrial
A12: 15 Ha Industrial
A13: 36 Ha Industrial
A14: 48 Ha Residential, 20
Ha non-developable
(natural environment).

Figure 2 - Town of Hanover Development Area and Zoning
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0.30 m3/c/d
Harmon peaking factor of 2.97 for residential areas.
45 people per Hectare for residential areas (based on Town of Erin which has
similar demographics as Town of Hanover)
35 m3/ha/d and 28 m3/ha/d average flow for industrial and
commercial/Institutional areas, respectively (MOECC design guidelines).
Peak factor of 2.5 for industrial and commercial/institutional areas
Inflow and Infiltration allowance of 0.043 L/Ha/s (average) and 0.107 L/Ha/s
(peak)

Refer to “Biosolids Storage Capacity Assessment Memo- Dated February, 2017” for
explanation of these assumptions.
Based on the above assumptions, it is estimated that the average daily flow and peak
flow from the new development will be 12,828 m 3/d and 33,415 m3/d, respectively. The
uncommitted hydraulic reserve capacity of the WWTP as mentioned earlier is 2,128
m3/d which means that Hanover WWTP does not have enough capacity to
accommodate flows for the new development.
To accept all sewage generated from the new development, the plant will need an
expansion or a new treatment plant will be required to accommodate additional flows. A
new plant can be constructed northwards; however due to the existing hydro easement,
a trunk storm sewer, and being within a low-lying floodplain it will not be possible. It is
recommended that the new treatment plant/expansion be constructed south/west of the
existing plant as there is ample land which is owned by the Town of Hanover.

2.2

Raw Sewage Characteristics

Annual average and peak month raw wastewater BOD5, Total suspended solids (TSS),
Total Phosphorus (TP) and total ammonia nitrogen ( TAN) concentrations are presented
in Table 2 and Table 3, respectively.
Table 2 – Raw Sewage Average Month Concentrations
Year
2011
2012
2013
2014
2015
AVERAGE

CBOD5
(mg/L)
159
204
152
153
212
176

TSS
(mg/L)
176
202
209
163
249
200

P
(mg/L)
3.9
4.6
3.4
3.5
6.4
4.3

TAN
(mg/L)
N/A
N/A
N/A
17.9
24.0
21.0
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Table 3 – Raw Sewage Peak Month Concentrations
CBOD5
(mg/L)
257
316
242
220
474
302

Year
2011
2012
2013
2014
2015
AVERAGE

TSS
(mg/L)
312
290
486
260
681
406

P
(mg/L)
5.5
6.8
6.3
6.5
19
8.8

TAN
(mg/L)
NA
NA
NA
27.7
43.0
35.3

2.3 Discharge from Exceldor Foods
Samples from the Exceldor foods discharge indicate the processing plant effluent has
key parameters which are typical of domestic sewage. The sample concentrations
(Annual average) are presented in Table 4.
Table 4 – Sample Concentrations from Exceldor Foods
Year
2009
2010
2011
2012
2013
2014
2015
2016
AVERAGE

2.4

CBOD5
(mg/L)
369
333
242
245
207
258
276
243
271.6

TSS
(mg/L)
213
168
83
91
90
95
84
106
116.2

P
(mg/L)
6.13
7.86
4.64
4.89
3.10
3.63
3.72
4
4.74

Landfill Leachate

The Hanover WPCP has accepted leachate from the Hanover/Walkerton Landfill .
Based on the date obtained from the Town on average approximately 3 cubic meters of
leachate is received at the plant each day (1,161 m3 and 972 m3 of leachate was
discharged from the landfill to the plant, in 2014 and 2015, respectively). Grab samples
have been analysed from leachate deliveries which indicate that the waste has very
similar characteristics to domestic sewage and at the volumes which are accepted there
is no reason to suspect the waste will create operational issues. The results of grab
samples are listed in Table 5.
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Table 5 – Landfill Leachate Sample Results
Date

Alkalinity

30-Sep-14
22-Dec-14
29-May-15
03-Nov-15

955
1510
1850
2140

BOD5
(mg/L)
194
266
279
14

TSS (mg/L)

TP (mg/L)

N (mg/L)

14
70
60
11

0.05
0.39
0.46
0.35

29
67.4
80.1
113

Chloride
(mg/L)
272
527
617
860

The total ammonia nitrogen (TAN) concentrations in the landfill leachate is higher than
typical domestic sewage, however, since there is no limit on TAN concentration in the
effluent this is not a primary concern for plant operations at this time. Chloride levels
were also very high but that will not impact the plant operations since there is no effluent
limit for chlorides in the existing certificate for approval. Alkalinity is high in the
Leachate but this will not impact the operations at the WWTP. High alkalinity is not a
problem as alkalinity is consumed for nitrification process in the aeration tanks.

2.5

Plant Impacts from Influent Sewage Characteristics

The plant was designed for a food to microorganism (F/M) ratio of 0.35 based on the
existing O&M Manual. The F/M ratio is the mass of influent BOD to the mass of mixed
liquor volatile suspended solids (MLVSS) in the aeration basins. Based on the ADF of
4,420 m3/d and a BOD concentration of 115 mg/L (assuming 35% BOD removal from
the primary clarifiers) the BOD (Food) in the aeration tanks on an average day is 508.3
kg. The aeration basin MLSS is variable but is kept at roughly 3000 mg/L MLSS,
typically 75% of MLSS is MLVSS. Therefore, with a total aeration volume of 1,750 m 3
we can assume a typical MLVSS mass of 3,937.5 kg. As such, the F/M ratio for the
plant is currently 0.13, much lower than the design value.
The consistently high sludge volume index (SVI) values (>200) obtained from samples
at the plant (2014-2015 data provided by the Town) indicate that there is a systemic
settling issue occurring at the plant. Operating an aeration basin at a low F/M ratio
means that the microorganisms have a limited amount of food and can result in sludge
with poor settling characteristics caused by bulking. The settling issues may also be a
product of pin floc forming due to high-shear excessive aeration.
The root cause of settling problems may also be due to insufficient nutrients for the
biomass. When nitrogen and phosphorus concentrations are limited to the aeration
basin sludge bulking may occur. Bulking sludges caused by nutrient deficiency are often
viscous with poor settling characteristics and may also contain high concentrations of
filamentous bacteria. The concentrations of nitrogen and phosphorus in the Hanover
influent wastewater are lower than average however the ratio of concentrations in near
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to the ideal of 100:5:1 (BOD:N:P). Therefore it is believed that this is not a primary
concern for the plant.
Based on the review of the information provided it is believed the poor settling rates are
caused by a combination of low F/M ratios and excessive mixing from the current
aeration systems.

3.0

Effluent Requirements

It is required that the Hanover WPCP meet the effluent limits set by the MOECC in the
CFA at all times throughout the year. The current requirements of the Hanover WPCP
as outlined in the plant CFA are listed in Table 6.
Table 6 – Current CFA Effluent Limits

Parameter

Average Concentration
Average Loading
(mg/L)
(kg/d)
25.0
159.0
25.0
159.0
1.0
6.4
Maintained within 6.0 – 9.5 inclusive
< 200 organisms/ 100 mL (Geometric Mean Density)

CBOD5
Total Suspended Solids
Total Phosphorus
pH
E. Coli

Effluent objectives for the Hanover WPCP are listed in Table 7:
Table 7 – Current CFA Effluent Objectives

Parameter
CBOD5
Total Suspended Solids
Total Phosphorus
pH
E. Coli

4.0
4.1

Average Concentration
Average Loading
(mg/L)
(kg/d)
15.0
159.0
15.0
159.0
0.8
6.4
Maintained within 6.5 – 9.0 inclusive
< 150 organisms/ 100 mL (Geometric Mean Density)

Treatment Process Review
Inlet Works

The inlet works consists of raw sewage pumping station, screenings removal equipment
and grit removal tanks. Raw sewage pumping station consist of two (2) Archimedes
screw type raw sewage pumps each capable of lifting 340 L/s (29,376 m3/d). At present,
the pumps are fitted with motors to permit each of the pumps to operate at a capacity of
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227L/s (19,613 m3/d). Screenings removal is provided by (1) in- channel conveyor with
dewatering press, having a flow capacity if 105 L/s (9,072 m3/d) to collect, convey and
dewater wastewater screenings. Flow in excess of 105 L/s goes through a manual bar
screen. Ideally the inlet works would be expanded to ensure peak flows can be treated
using an automated screening process to eliminate the need for manual screen
cleaning.
Grit removal is provided one (1) aerated grit tank measuring approximately 4.9 m width,
4.7 m length and 3.28m SWD with a total effective volume of 68 m 3. The grit tank
provides a hydraulic retention time of 5 minutes at 227L/s (19,612.8 m 3/d) and 3.3
minutes at 340 L/s (29,376 m3/d). Two (2) air lift pump assemblies remove grit from the
grit tank and discharge to the grit decanting channels. Two (2) air blowers (each at 679
m3/hr or 188.6 L/s) provide air for air diffusers, air lift pumps, final tank influent channel
aeration and scum hopper #4. As per the O&M manual, Blower #3 and #4 run
continuously. Channel aeration blower (Blower # 4) has been provided with additional
sheaves so that it can serve as a standby blower to Grit removal blower (Blower # 3).
However, the reverse is not possible.
An adjustable flow splitter assembly located in the discharge channel of the air grit tank
divides the flow equally between Plant 1 and Plant 2. Per on Ministry of Environment
and Climate Change (MOECC) design guidelines for sewage works, air supply for each
grit tank should be between 4.7 to 12.4 L/(m.s). Based on this criteria and the size of the
aerated grit tank at Hanover WWTP, the air supply required for the grit tank should be
between 23.03 L/s and 58.28L/s. The existing air blowers at Hanover WWTP provide
sufficient air supply for the grit removal and channel aeration.
Based on Ministry of Environment and Climate Change (MOECC) Design guidelines for
sewage works, peak instantaneous flows should be used as the design basis for raw
sewage pumping station, screening and grit removal system. Since peak instantaneous
flows were not measured historically at the Hanover WWTP, a reasonable peak
instantaneous flow was estimated based on maximum day flow factor (Table 1). Based
on maximum day flow factor of 2.1 and the existing plant rated capacity of 6,360 m3/d,
the existing Headworks facility (inlet pumping, screening, and grit removal) is
adequately sized to handle peak flow of 13,356 m3/d with the exception of the
automated screening system.
Further, there is limited redundancy in the screening and grit removal processes. Per
MOECC design guidelines, redundancy should be provided to ensure protection of
public health and the environment. Standby or redundant capabilities should be
provided for satisfactory operation of the sewage works during power failures, flooding,
peak loads, equipment failure and maintenance shutdowns.
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4.2

Primary Treatment

Primary treatment at the site consists of three rectangular clarifiers: one clarifier for
Plant 1 (5.5m width and 17.5m length), and two clarifiers for Plant 2 (each measuring
20.0 m x 4.9m x 3.05m SWD). Each clarifier is equipped with a chain and flight type
sludge collector mechanism and manually operated revolving skimmer that discharges
to a scum hopper for scum removal. Plant 2 clarifiers receive waste activated sludge
(WAS) from both Pant 1 and 2. Sludge is removed from the primary clarifiers by means
of four (4) raw sludge progressive cavity pumps (2 pumps in Plant 1 and 1 pumps in
Plant 2) each rated at 12.6 L/s at 24.4 m TDH.
Based on the Ministry of the Environment and Climate Change (MOECC) guidelines,
primary clarifier that do not receive WAS should have surface overflow rate (SOR)
between 35-40 m3/m2/d at design average daily flows and 60-80 m3/m2/d at design peak
daily flows. For clarifier that receive WAS, the surface overflow rate (SOR) should be
between 25-30 m3/m2/d at design average daily flows and 50-60 m3/m2/d at design peak
daily flows.
Plant 1 primary clarifier at Hanover WWTP provides SOR of 33 m3/m2/d at design
average daily flow of 3,180 m3/d (assuming equal split between Plant1 and Plant 2).
The clarifier #1 provides SOR of 102 m3/m2/d at peak daily flows of 19,613 m3/d.
Although, peak SOR of 102 m3/m2/d exceeds MOE recommendation, it is in compliance
with the range (80-120 m3/m2/d) provided in “Wastewater Engineering” by Metcalf &
Eddy, Inc. It is believed that the primary clarifier #1 is sized adequately.
Combined Plant 2 primary clarifiers (#2 and #3) provide SOR of approximately 16
m3/m2/d at design average daily flow of 3,180 m 3/d which is below MOECC
recommendation of 25-30 m3/m2/d. At peak flows (19,613 m3/d) the SOR is 50 m3/m2/d
which is on the low end of the current MOECC recommendations. Low surface loading
values (under loading) indicate that the primary clarification process is not operating
optimally, which in turn may result in low treatment flow rates through the plant and
ultimately less finished water.
Also, the retention time in the Plant 2 clarifiers (combined) at ADF is 4.5 hours which is
much higher than recommended by MOECCC (2 hours).The retention period in the
primary clarifiers should be sufficient to allow nearly complete removal of settleable
solids. A longer hydraulic period would not improve removal and might actually impair
removal efficiencies by allowing the wastewater to become septic.
Table 8 – Clarifier capacity ranges based on MOE guidelines

Clarifier
Plant 1 (No WAS)

Capacity (ADF) (m3/d)

Capacity (Peak) (m3/d)

3,369 – 3,850

5,775 – 7,700
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2,450 – 2,940
2,450 – 2,940
8,269 – 9,730
5,819 – 6,790

Plant 2 (1) (Receives WAS)
Plant 2 (2) (Receives WAS)
Total Capacity
Plant 1 & Plant 2 (1)

4.3

4,900 – 5,880
4,900 – 5,880
15,575 – 19,460
10,675 – 13,580

Raw Sludge Pumping

Raw sludge is withdrawn from the Clarifiers using four (4) raw sewage pumps and
discharged to the primary digester. Each pump is a progressive cavity pump and is
rated at 12.6 L/s @ 24.4m TDH. Each pump is 7.5 k-W. The same pumps are used to
discharge primary scum to the primary digesters. Sludge scum is pre-heated prior to
discharge to the primary digester. Based on the estimated sludge production rates
(Table 11), the raw sludge pumps are adequately sized.

4.3.1 Sludge Generation
Historical raw sludge and waste activated sludge flow data is not available as the
installed flow meters at the WWTP are not in working order. However, plant’s Operation
and Maintenance Manual (R.V. Anderson, 1984) estimates 30m 3/d of sludge at average
daily flow of 6,000 m3/d.
Estimated of Sludge Flows
Five year plant data (2011-2015) was analyzed to confirm the total sludge production
rates from the WWTP. Annual average and peak raw sludge solids loadings at current
average daily flow and plant rated capacity are shown in Table 9. Raw sludge flow
estimates at current average daily flow and plant rated capacity is presented in Table
10. Since the plant does not monitor raw sludge concentration, dry solids concentration
of 3.0% was assumed to calculate the sludge flow rate. The removal efficiency of the
suspended solids from the primary clarifiers was assumed to be 60% (efficiently
designed and operated primary clarifiers remove 50-70% of TSS-MOECC).
Total sludge flow (waste activated sludge and raw sludge) to the primary digester at the
Hanover WWTP is shown in Table 11.
Table 9 – Raw Sludge Loading to Digester
1

Peak [Sludge]
(kg/d)

2

Avg [Sludge]
(kg/d)

3

Year

Avg [Sludge]
(kg/d)

Peak [Sludge]
(kg/d)

2011

467

827

672

1191

2012

536

769

771

1107

2013

554

1289

798

1855

2014

432

690

622

992

2015

662

1806

952

2599

4
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Year

Avg [Sludge]
(kg/d)

AVERAGE

530

1

Peak [Sludge]
(kg/d)

2

Avg [Sludge]
(kg/d)

1076

3

Peak [Sludge]
(kg/d)

763

4

1548

1

Based on 5 year average daily flow of 4,420 m3/d and monthly average solids concentration
Based on 5 year average daily flow of 4,420 m3/d and monthly peak (average of peaks) solids concentration
3
Based on plant rated capacity of 6,360 m3/d and monthly average solids concentration
4
Bbased on plant rated capacity of 6,360 m3/d and monthly peak (average of peaks) solids concentration
2

Table 10 – Raw Sludge Flow to Digester
1

Avg [Sludge]
3
(m /d)

3

Year
2011

15.57

27.57

22.40

39.70

2012

17.87

25.63

25.70

36.90

2013

18.47

42.97

26.60

61.83

2014

14.40

23.00

20.73

33.07

2015

22.07

60.20

31.73

86.63

AVERAGE

17.67

35.87

25.43

51.63

1

Peak [Sludge]
3
(m /d)

2

Avg [Sludge]
3
(m /d)

Peak [Sludge]
3
(m /d)

4

3

Based on 5 year average daily flow of 4,420 m /d and monthly average solids concentration
Based on 5 year average daily flow of 4,420 m3/d and monthly peak (average of peaks) solids concentration
3
Based on plant rated capacity of 6,360 m3/d and monthly average solids concentration
4
Based on plant rated capacity of 6,360 m3/d and monthly peak (average of peaks) solids concentration
2

Table 11 – Total Sludge Flow to Primary Digester
Criteria
Average Sludge Flow: 5 year average
daily flow
Peak Sludge Flow : 5 year average
daily flow
Average Sludge Flow :Plant Rated
Capacity
Peak Sludge Flow :Plant Rated
Capacity
AVERAGE

Raw Sludge1
3
(m /d)

WAS2
3
(m /d)

Total Flow
3
(m /d)

17.7

5

22.7

36.0

9

45.0

25.4

8

33.4

51.6

13

64.6

32.7

8.7

41.4

1

Taken from Table 5
Waste activated sludge was calculated based on the assumption that 0.7 kg of waste solids are produced per kg of BOD destroyed
(MOECC design guidelines for sewage works).
2

4.4

Aeration

The Plant 1 secondary
volume of 866 m3) with
rated at 472 L/s at 51.7
criteria for nitrogen for

treatment system consists of eight (8) aeration tanks (total
coarse bubble aeration system and two (2) air blowers each
kPa, one duty and one standby. Since there are no effluent
the plant effluent, oxygen is only required to remove the
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carbonaceous material (BOD). The Plant 1 secondary treatment system is sufficiently
sized to treat 3,700 m3/d of sewage based on the following assumptions:






Influent average BOD concentration: 176 mg/L (refer to Table 2)
35% Removal of BOD in primary clarifiers.
No ammonia nitrogen removal in the aeration tank
Oxygen transfer efficiency for course bubble aeration: 5% (MOECC: 4-6%)
Peak Diurnal Flow to ADF Ratio: 1.3:1

If nitrification is included in the process, total oxygen requirements will include the
oxygen required to remove the carbonaceous material plus the oxygen required for
ammonia and nitrite oxidation to nitrate. The existing blowers can only treat 1,550 m3/d
of sewage to completely remove the BOD and ammonia nitrogen from the aeration tank
based on the following assumptions:
 Average influent BOD concentration of 176 mg/L and peak TKN concentration of
35.3mg/L (refer to Table 2 and 3)
 35% Removal of BOD and TKN in primary clarifiers.
 Oxygen transfer efficiency for course bubble aeration: 5% (MOECC: 4-6%)
 Peak Diurnal Flow to ADF Ratio: 1.3:1
Plant 2 has two (2) aeration tanks and each tank is equipped with a 18.6 kW
mechanical aerator. Each tank has a dimension of 9.8 m x 9.8 m x 4.6 m S.W.D. Total
volume of tanks is 884 m3. Since there are no effluent criteria for nitrogen for the plant
effluent, oxygen is only required to remove the carbonaceous material (BOD). The Plant
2 secondary treatment system is sufficiently sized to treat 8,000 m3/d of sewage based
on the following assumptions:





Influent average BOD concentration: 176 mg/L (refer to Table 2)
35% Removal of BOD in primary clarifiers.
No ammonia nitrogen removal in the aeration tank
Oxygen transfer efficiency for High-speed mechanical aerators: 1.35 kg O2/kWh
(MOECC: 1.2-1.5 kg O2/kWh)
 Peak Diurnal Flow to ADF Ratio: 1.3:1
If nitrification is included in the process, total oxygen requirements will include the
oxygen required to remove the carbonaceous material plus the oxygen required for
ammonia and nitrite oxidation to nitrate. The existing mechanical aerators can treat
3,400 m3/d of sewage to completely remove the BOD and ammonia nitrogen from the
aeration tank based on the following assumptions:
 Average influent BOD concentration of 176mg/L and peak TKN concentration of
35.3mg/L (refer to Table 2 and 3)
 35% Removal of BOD and TKN in primary clarifiers.
 Oxygen transfer efficiency for High-speed mechanical aerators: 1.35 kg O2/kWh
(MOECC: 1.2-1.5 kg O2/kWh)
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 Peak Diurnal Flow to ADF Ratio: 1.3:1
It should be noted that above calculations do not take into account the loading from the
digester supernatant which may contain significant concentrations of Ammonia
Nitrogen. Town’s current does not check the flow and TAN concentrations in the
digester supernatant. Upon Ainley’s request, Town took two grab samples (23rd Nov,
2016 and 6th Dec, 2016) indicating a concentration of 695 mg L/ and 815 mg/L in the
digester supernatant. Depending on the volume of supernatant being returned to the
aeration basin there may be a significant oxygen demand for removal ammonia nitrogen
from the aeration basins.

4.5

Secondary Clarifiers

Plant 1 utilizes two (2) circular secondary clarifiers, each equipped with a circular,
rotating sludge collection mechanism. One clarifier is 12.19m in diameter and has
hydraulic capacity of 44.3 L/s (3,826 m3/d), the second is 15.2m in diameter with a
hydraulic capacity of 69.4 L/s (5,996 m3/d).
Plant 2 utilizes two (2) rectangular secondary clarifiers, each equipped with chain and
flight style sludge collection mechanisms. Each clarifier measures 25.8m x 5.5m x 3.8m
SWD with a total volume of 1079 m3 and a hydraulic capacity of 113.5 L/s (9,806 m3/d).
An activated sludge pumping station for return activated sludge (RAS) and waste
activated sludge (WAS) pumps the settled sludge from the secondary clarifiers. RAS
pumping is achieved by means of three non-clog pumps each driven by 30 kW motors
with VFD controls.

4.6

Chemical Dosing

The plant utilizes alum addition for phosphorus removal. Alum is added to the
wastewater at the aeration step in both Plant 1 and Plant 2. The alum is stored in one
(1) 29.7 m3 fiberglass reinforced plastic chemical storage tank and pumped by two (2)
positive displacement chemical metering pumps each capable of having its output
varied over a range of 70 L/h at 345 kPa down to 3.51 L/h.
The chemical storage tank is also equipped with one (1) emergency chemical
dewatering pump rated at 1.2 L/s at 15 m TDH to take its suction from the chemical spill
catchment areas at the chemical storage tank and the control building basement and
discharging to a hose connection on the main control building outside wall.

4.7

Digester Complex

At Hanover WPCP, waste activated sludge is co-thickened in the primary clarifiers and
discharged to the primary digester. Plant 2 clarifiers receive waste activated sludge
(WAS) from both Pant 1 and 2. Sludge is removed from the primary clarifiers by means
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of four (4) raw sludge progressive cavity pumps (2 pumps in Plant 1 and 1 pump in
Plant 2) each rated at 12.6 L/s at 24.4 m TDH. Supernatant from primary and
secondary digester is discharged to the Plant 2 aeration basins.
The digested Biosolids from Primary Digester are stored in the secondary digester
(1097 m3 or 289,823 Gallons) and three onsite storage tanks which have a combined
capacity of 582 m3. The combined storage capacity at the plant is 1,679 m 3. Based on
5 year historical data (Biosolids haulage from 2011-2015) provided by the Town, on
average 16.8 m3/d of Biosolids were hauled from the WWTP (Refer to “Biosolids
Storage Capacity Assessment Memo- Dated February, 2017”)
MOECC standards require sufficient on-site storage for 240 days of biosolids
generation. At the current ADF of 4,420 m3/d, the plant has capacity for a solids
retention time of 100 days. Based on the current sludge generation rates the plant has
sufficient capacity to store solids (for 240 days) for an ADF of 1,852 m3/d.
Town’s current sampling program does not check for the Total Solids in the secondary
digester Biosolids. Upon Ainley’s request, Town took samples (17th December, 2016
and 19th January, 2017) from secondary digester biosolid which indicates a total solids
concentration of approximately 3%. This is in line with the MOECC design guidelines for
sewage works which indicate a total solids concentration of 2-6%

4.8

Chlorine Disinfection

Disinfection for the plant consists of two (2) chlorine contact chambers, each equipped
with a two pass tank measuring approx. 9.2 m x 4.9 m x 2.44 m SWD for a total volume
of 210 m3 and representing a detention time of 15 min. at 227 L/s (19,612 m3/d).
Chlorine is injected by means of a single, vacuum operated, solution feed type
chlorinator with a maximum feed capacity of 227 kg/day, located in the main control
building.
The current chlorine disinfection system will not meet requirements when full
compliance is implemented in January 1, 2021 with Federal Wastewater Systems
Effluent Regulations under the Fisheries Act. The Act requires that the average
concentration of total residual chlorine in the effluent must be less than 0.02 mg/L. The
Federal effluent requirements stipulate a limit on the amount of chlorine that can be
discharged in wastewater treatment effluent. The deadline for meeting this requirement
is January 1, 2021.
To achieve the effluent criteria for chlorine residual the Town would need to upgrade the
existing system to include dechlorination before discharging to the Saugeen River.
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Alternatively, the Town could upgrade the existing disinfection system to a UV
Disinfection system.

4.9

Outfall

Effluent discharges from the plant via a 600 mm outfall sewer for a distance of
approximately 107 m from the final effluent manhole to the Saugeen River.

4.10 Monitoring and Instrumentation
There is very limited monitoring and instrumentation at the Hanover WPCP. Monitoring
of flows at the plant is restricted to estimation of effluent flow calculated from the
operation of the effluent discharge pumps. In order to accurately monitor and evaluate
the performance of the plant a number of instrumentation upgrades are recommended.
An overarching SCADA system is also recommended as the plant moves to a state of
improved automation. The integration of monitoring equipment into a SCADA system
will provide the plant operators with a much greater level of control over the plant and
facilitate the optimization of the facility.
Due to the current arrangement of the plant, with two inlet pipes discharging to the
wetwell for the Archimedes screw lift pumps, a single inlet flow monitor is not a feasible
option. Instead, it is recommended that a Parshall flume be installed for flow monitoring
on each channel between the grit removal tanks and the primary clarifiers for Plant 1
and Plant 2.
Currently there is no way to monitor the sludge flow volumes throughout the plant. The
current lack of sludge flow meters at the plant restrains the ability of plant operators to
evaluate important aspects of the plant operations. Currently, it is not possible to
accurately calculate the solids retention time, the BOD loading at the secondary
treatment step, and raw sludge/waste sludge generation rates.
It is understood that the Plant 1 blowers and Plant 2 mechanical aerators operate at full
speed 24-hours a day to meet the current demand. There are several reasons to
improve the current state of this process. As discussed in Section 2.2, the high shear
aeration process may be the prime factor causing the consistently high SVI. Adding DO
sensors to monitor oxygen levels in the basins and modulating blower speeds with a
VFD could provide major improvement for both the electrical efficiency of the plant and
the settling characteristics of the sludge.
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5.0

Capacity Review

5.1

Process Capacity

The Hanover Wastewater Treatment Plant is currently designed to treat an average
daily flow of 6,360 m3/d and a peak flow of 19,613 m3/d as per the ECA.
The peak capacity of the treatment unit processes are shown in Figure 3. Process
capacities not listed in the ECA were assumed to be designed as per MOECC Design
Guidelines for Sewage Works.

Process Capacity
Raw Sewage Pumping
Conveyor Screen

Process

Grit Removal (5-min)
Primary Clarifiers
Aeration
Secondary Clarifiers
Disinfection

0.0

5.0

10.0

15.0

20.0

25.0

30.0

Peak Flow (ML/d)
Rated Capacity

Peak Flow

ADF (2010-2015)

Committed Capacity

Figure 3 - Capacity of Unit Processes

Currently the plant is only operating at approximately 70% capacity however some
commitments of capacity have been made to service approved development and infill.
The existing commitments will bring the plant to 71.9%.
In addition to committed capacity, there are approximately 180 Ha of development land
available for new growth in the town. The additional growth is anticipated to increase
ADF at the plant by 3,633 m3/d which will put the existing plant over its current capacity.
The requirement for a plant expansion is typically triggered when actual flows reach
approximately 85% of the rated capacity.
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6.0

Performance Review

Effluent samples are taken from the Hanover WPCP on a regular basis and are
recorded within annual performance summaries. Effluent data for 2014-2015 was
available for the purpose of this report. The available data is summarised in Table 12.
Table 12 – System Performance, Effluent Quality
Year

Avg [CBOD5]
(mg/L)

Avg [TSS]
(mg/L)

Avg [P]
(mg/L)

2014
2015

4.9
6.5

6.7
5.1

0.4
0.4

Avg.
Limit

5.7
25.0

5.9
25.0

0.4
1.0

The monthly composite samples have indicated that the plant is capable of consistently
meeting the effluent limits set in the plants CFA.

7.0

Plant Efficiency Review

Wastewater treatment plants rely heavily on energy intensive equipment to operate on a
day to day basis. The majority of energy use is required for aeration of the activated
sludge. Table 13 outlines the major mechanical equipment in the plant along with the
corresponding energy demand.
Table 13 – Process Components and Energy Usage
Energy Demand

Assumed
Hours of
Operation

Energy Use/
Day

% of Total

Inlet Screw Pumps (2)

30 kW

26

840 kWh

22.8 %

Grit Removal, Lobe Blowers (2)

7.5 kW

24

330 kWh

9.0 %

Plant 1, Centrifugal Blowers (2)

45 kW

24

1,080 kWh

29.4 %

Plant 2, Mechanical Aerators (2)

18.6/10.4 kW

48

640 kWh

17.4 %

Raw Sludge Pumps (4)

7.5 kW

24

180 kWh

5.0 %

RAS Pumps (4)

7.5 kW

24

180 kW

5.0 %

WAS Pumps (2)

5.6 kW

12

11.2 kWh

0.3 %

Digester Gas Compressor

7.5 kW

24

180 kWh

5.0 %

Sludge Recirculation Pumps (2)

3.7 kW

24

90 kWh

2.5 %

Primary/Final Clarifier Collector Drives

5.6 kW

24

134.4 kWh

3.6 %

Component

Total

3,665.6 kWh
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Based on the assumptions made in Table 13, the average day energy use at the WWTP
is 3,665.6 kWh/day (113.6 MWh/month). The assumptions closely match the monthly
energy use records for the plant between 2012 and 2016 displayed in Figure 4. The
aeration systems for Plant 1 and 2 account for 46.8% of total energy expenditure at the
facility making this system the most important to optimize in any effort to improve the
overall plant efficiency.

Monthly Energy Use (MWh), 2012 - 2016
250
Average

Energy Use (MWh)

200

150

100

50

0

Figure 4 – Monthly WWTP Energy Use 2012-2016

The existing plant one centrifugal blowers for the aeration basins run on a 24-hour basis
and are reaching the end of their useful life. These blowers represent the single largest
energy demand at the treatment plant. Advancement in blower design has brought more
efficient blowers to market known as “Turbo Blowers”. Turbo Blowers are available
from a range of manufacturers and provide roughly 20% reduction in energy use when
compared to conventional centrifugal-type blowers. A product sheet for Sanitaire
“TurboMAX” turbo blowers has been provided in Appendix A as a reference example.
The comparable Sanitaire turbo blower to the existing Plant 1 centrifugal blowers has an
energy demand of 37 kW in contrast to the 45 kW demand of the existing units for an
18% energy reduction. In addition, there are turbo blower systems available with a builtin programmable logic controller (PLC) and variable frequency drive (VFD) which can
be programmed to respond to inputs from additional sensors. As discussed in section
3.2, the plant does not currently have DO monitoring; integrating DO monitoring with
these advanced blowers can further reduce the energy use associated with the aeration
process.
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Plant 1 currently utilizes course bubble diffusers for the distribution of air. Course bubble
diffusers are typically less expensive than fine bubble diffusers and are generally more
resistant to plugging and fouling. The larger bubble size produced from course bubble
diffusers promotes greater mixing within the aeration basin which can be advantageous
in certain situations; however, based on the analysis provided in Section 2.2 it is likely
that excessive mixing is a contributing factor to the high SVI in the secondary clarifiers.
Fine bubble diffusers offer the advantage of greater oxygen transfer efficiency (6-15%
OTE, MOECC) when compared with course bubble diffusers (4-6% OTE, MOECC). The
improved oxygen transfer efficiency has a direct impact on the energy use required to
operate the plant. Improving the rate at which oxygen is transmitted into the wastewater
reduces the volume of air required. Assuming a 10% OTE with fine bubble diffusers, the
capacity of the existing Plant 1 aeration system (capable for BOD and nitrogen removal)
would be improved from 1,550 m3/d to 3,100 m3/d. Similarly, the existing capacity could
be maintained while significantly reducing the volume of air pumped to the aeration
basin. Utilizing fine bubble diffusers the plant 1 aeration basin could have a treatment
capacity of 1,550 m3/d while reducing the volume of air from 1670 m3/hr to 834 m3/hr. At
this air flow rate, a 15 kW turbo blower could be utilized which would represent a 66%
improvement in energy efficiency compared to the current system.
Similar upgrades could be introduced to Plant 2 as well. The current mechanical
aerators are assumed to have an OTE of 1.35 kg O2/kWh (MOECC: 1.2-1.5 kg
O2/kWh). At the maximum setting for the mechanical aerators (18.6 kW), they will
deliver approximately 50.22 kg O2/ hour. At the current, average influent concentrations
the peak diurnal oxygen demand reaches 50.22 kg/hr at an ADF of 3,400 m3/d
assuming 35% BOD removal in the primary clarifiers. To match the efficacy of the
existing system, a blower capable of 1,800 m3/hr and a fine bubble diffuser system
would be required. As with the upgrades considered for Plant 1, modifying the Plant 2
aeration system would improve electrical efficiency at the plant. However, upgrading
Plant 2 would involve a much greater capital cost investment as a new blower building
and new yard piping would be required.

8.0

Recommendations

Several recommendations for plant upgrades arose from a review of the plant which
have the potential to improve plant performance, operational control, and electrical
efficiency.
To comply with MOECC design guidelines, it is pertinent that sewage treatment
processes be designed so that with the largest flow capacity unit out-of-service the
hydraulic capacity of the remaining units can handle the design peak instantaneous
flow. It is therefore recommended that additional screening system and a grit removal
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tank/blower be considered for future upgrades at the Hanover WWTP. Use of Fine
screen (6 mm and less) will reduce the floatables in downstream processes. Ideally the
inlet screening would be expanded to ensure peak flows can be treated using an
automated screening process to eliminate the need for manual screen cleaning.
Since the establishment of aerated grit removal at the plant much more sophisticated
technologies have been developed which offer improved grit removal efficiency. Vortex
grit removal systems offer efficiencies up to 95% removal of 106 micron or larger
particles reducing the impacts of grit on the downstream systems, particularly with
respect to the secondary treatment stage. The vortex grit removal systems also
eliminate the need for operating additional blowers. Establishment of a vortex grit
removal system would require an evaluation of the plant hydraulics and would
potentially require upgrades to the current inlet pumping. An upgrade to the existing grit
removal could simultaneously address the existing lack of redundancy, improve plant
performance, and reduce energy use.
The background information review revealed that the plant is experiencing a systemic
settling issue in the secondary clarifiers. It is believed the poor settling rates are caused
by a combination of low F/M ratios and excessive mixing from the current aeration
systems. It is recommended that the MLSS concentrations in the aeration basins be
lowered to raise the F/M ratios closer to the design value of 0.35. Further, there is
significant potential value in upgrading the existing aeration systems due to the high
energy use of the existing arrangement. It is recommended that the Plant 1 aeration
system be prioritized for upgrades to a fine bubble aeration system with Turbo Blowers
to minimize energy use. The plant 2 aeration could also be upgraded in a similar
manner however the investment required for this upgrade is much higher due to the lack
of a pre-existing blower building. It is recommended that the new blowers be sized for
BOD removal and nitrification. Although there is no requirement for Nitrogen removal in
the treated effluent, it is highly likely that in the future MOECC/federal regulation will
limit the Nitrogen discharge to the surface waters.
It is recommended that a pilot study be conducted evaluating the efficacy of dosing
alum at the primary and/ or secondary clarification stages rather than the aeration
basins. An overall reduction in alum use may be achieved while still meeting
phosphorus targets.
There is very limited monitoring and instrumentation at the Hanover WPCP. In order to
accurately monitor and evaluate the performance of the plant a number of
instrumentation upgrades are recommended. It is our recommendation that inlet flows
be monitored by establishing two parshall flume flow monitors on the flow channels
connecting the grit tanks to the primary clarifiers. Additionally, it is recommended that
magnetic flow meters be added to the WAS/RAS lines as well as the supernatant line
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discharging to the aeration basins. Total Solids concentration of the RAS/WAS and
Biosolids should be checked by the Town to confirm that they are within the MOECC
recommendations. It is recommended that the Town adopts the sampling program as
mentioned in the MOECC “Optimization Guidance Manual”.
The current chlorine disinfection system will not meet requirements when full
compliance is implemented in January 1, 2021 with Federal Wastewater Systems
Effluent Regulations under the Fisheries Act. The Act requires that the average
concentration of total residual chlorine in the effluent must be less than 0.02 mg/L. To
achieve the effluent criteria for chlorine residual the Town would need to upgrade the
existing system to include dechlorination before discharging to the Saugeen River.
Alternatively, the Town could upgrade the existing disinfection system to a UV
Disinfection system.
A flow rate of 550 L/c/day is considered to be on the high end and is indicative of an
inflow and infiltration problem within the collection system. The Town could likely
increase their uncommitted capacity through an inflow and infiltration reduction
program.
An SCADA system is also recommended. The integration of monitoring equipment into
a SCADA system will provide the plant operators with a much greater level of control
over the plant and facilitate the optimization of the facility.
Table 14 summarises the upgrade recommendations for the plant and provides an
estimation of the capital cost and payback period where applicable.
Table 14 – Upgrade Recommendations and Estimate Capital Cost

Plant Upgrade
Parshall Flume (Grit Tank to Clarifiers)
Magnetic Flow Meters
Vortex Grit Removal
SCADA System- Plant Wide
Aeration System Upgrade (Plant 1)
2 x Turbo Blowers
Diffusers and Piping
DO Monitoring
UV Disinfection System
Alum Dosing Pilot Study

Estimated
Capital Cost
$20,000
$25,000
$500,000
$250,000

Yearly
Savings1
N/A
N/A
$15,700

Simple
Payback
N/A
N/A
32 yrs

$350,000
$100,000
$20,000
$100,000
$40,000

$9,110
$24,3902

38 yrs
4 yrs

N/A
N/A

N/A
N/A

1

Assumes $0.13/kWh
Note: The payback on diffusers and piping assumes the use of a TurboBlower equipped with a VFD to capitalise on
the improved oxygen transfer rate.
2
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Of the recommendations provided the replacement of the UV disinfection system is
considered to be a top priority due the impending 2021 deadline which will place the
existing system in a state of non-compliance. The second priority is the proposed
upgrades the Plant 1 aeration system which provide measureable energy use
reductions and potential improvements in settling rates in the secondary clarifiers.
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