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INTRODUCTION
The Shingletown Wells (Wells K50, K51 and K52) and the corresponding
treatment facility are located at 2324 Bleams Road in the Township of Wilmot.
Potential water treatment upgrades have been identified based on anticipated
changes to the Ontario Drinking Water Standards (ODWS). The changes are
expected to be based on the May 2019, Health Canada “Guidelines for Canadian
Drinking Water Quality: Guideline Technical Document – Manganese”, which
established an aesthetic objective of 0.02 mg/L. It can be noted that aesthetic
objectives are intended to address non-health related items such as odour, taste,
and colour. To be in line with Health Canada recommendations, it is anticipated
that the provincial objective for manganese will be reduced from 0.05 mg/L to
0.02 mg/L, with a design operating objective of 0.015 mg/L. The Shingletown
wells were identified for potential treatment upgrades in order to consistently
meet the anticipated new objectives.
The Regional Municipality of Waterloo (Region) retained R.V. Anderson
Associates Limited (RVA) to complete the Class Environmental Assessment for
the Iron and Manganese Treatment Upgrades for the Shingletown Wells Project.
This technical memorandum is provided to review alternative treatment solutions
and alternative residual management solutions for the Shingletown Wells. The
solutions are evaluated using the criteria and scoring method outlined in
Technical Memorandum #2 Evaluation Criteria (TM#2).

2.0

SUMMARY OF EXISTING CONDITIONS AND PREVIOUS
RECOMMENDATIONS
The existing site conditions and project background for the Shingletown Wells
were summarized in Technical Memorandum #1 Project Background and
Existing Conditions. The key points are summarized as follows:
•

The Shingletown Wells are owned by the Regional Municipality of
Waterloo and supply water to the Baden and New Hamburg water system.
They are also an important supply to the Region’s Integrated Urban
System (IUS) which services Cambridge, Kitchener and Waterloo. The
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Shingletown Wells also supply non-potable water to the nearby Eenkooren
Pond.
•

Well K50 and K51 have been operational since 1970. The K52 Well was
constructed and installed between May and June 2013 as a backup well in
case of operational issues. Well K52 has not yet been fitted with a
permanent production pump and is not currently connected to the
distribution system.

•

The Baden and New Hamburg Water and Wastewater Master Plan
Update (Aecom, 2011) recommended that short-term and long-term water
supply requirements be met by increasing the water taking from the
Shingletown Wells up to the limit established in the existing Permit to Take
Water (PTTW).

3.0

•

The Shingletown Wells were identified in a Region wide report (Stantec,
2017) as requiring facility upgrades in order to meet the anticipated
ODWS manganese concentration objectives.

•

A condition assessment of the existing Shingletown facilities (Stantec,
2016) recommended that most of the process, electrical and HVAC
equipment be replaced within the next 15 year, excluding equipment in the
diesel generator building.

DISCUSSION AND SELECTION OF TREATMENT ALTERNATIVES
To reduce the manganese concentrations in the Shingletown Wells to meet the
anticipated ODWS objectives, a long list of iron and manganese treatment
technologies was identified and reviewed. The options were evaluated using the
criteria identified in TM#2.

3.1

Treatment Alternatives Review
The following treatment alternatives were reviewed:
•

Alternative 1 – Do Nothing

•

Alternative 2 – Iron and Manganese Sequestration

•

Alternative 3 – In Situ Removal

•

Alternative 4 – Lime or Soda Softening
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•

Alternative 5 – Ion Exchange Softening

•

Alternative 6 – Oxidation and Filtration

•

Alternative 7 – Biological Filtration

•

Alternative 8 – Membrane Filtration
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These alternative treatment solutions are briefly described in the following
sections:
Alternative 1 - Do Nothing: This alternative is required for evaluation under the
Class EA process. It defines the status quo, or existing conditions, and helps to
define the extent of the problem. In this case, this alternative does not yield a
reduction in manganese concentrations. Because manganese would not be
removed, this alternative does not meet the anticipated water quality objectives
and therefore will not be carried forward to the detailed evaluation stage.
Alternative 2 – Iron and Manganese Sequestration: This alternative involves
chemically treating water (typically with sodium silicate, polyphosphate or an
alternative sequestering chemical) to keep iron and manganese in suspension.
Historically, sequestering has been reasonably effective for iron but less effective
for manganese. Given the long residence time that the water may have in parts
of the IUS, there is a concern that sequestering would lose its effectiveness.
Because manganese would not be removed from the system, this alternative
does not meet the anticipated water quality objectives and therefore will not be
carried forward to the detailed evaluation stage.
Alternative 3 – In Situ Removal: This alternative involves precipitating
dissolved manganese in the groundwater (in situ) before it is pumped out of the
ground. This can be achieved by injecting aerated water through recharge wells
or production wells into the aquifer as needed to oxidize and precipitate iron and
manganese. The success of this alternative is dependent on the aquifer
composition, water composition and location/installation of the recharge wells. A
review was conducted as part of this study, however, no examples of in situ
removal were found in Canada for manganese removal. Over time, the
precipitated iron and manganese can gradually clog the pores of the aquifer. This
alternative will not be considered further due to the lack of compatibility with
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existing infrastructure, the risk of clogging the aquifer and its unknown reliability
to meet the anticipated water quality objectives.
Alternative 4 – Lime or Soda Softening: This alternative involves the addition
of lime or soda to raise the water pH to above 11 to precipitate iron and
manganese. This process is proven and reliable in removing iron and
manganese. A typical lime softening treatment process includes a silo for storage
of the lime, feed equipment, clarifiers, re-carbonation tanks, gravity filters and
significant residual management facilities to deal with the large volume of sludge
generated such as lagoons. This alternative will be carried to the detailed
evaluation stage (see Section 3.2 below).
Alternative 5 – Ion Exchange Softening: This alternative removes iron and
manganese in a pressure vessel using resin (zeolite) beads. The free iron,
manganese, calcium and magnesium cations bind to the zeolite media until the
media is exhausted. The zeolite is then backwashed with a salt brine solution
(typically sodium chloride (NaCl)) to regenerate the media. This process is
proven in removing iron and manganese at a small scale. Given the volume of
water being treated, however, this system would consume large amounts of salt,
and would generate large volumes of waste brine solution. This process also
adds significant sodium to the treated water which could have a negative impact
on some water customers. Due to the increased sodium levels and the
complexity of the brine disposal, this alternative will not be carried to the detailed
evaluation stage.
Alternative 6 –Oxidation and Filtration: This alternative involves oxidizing the
water to precipitate the iron and manganese and removing the solids through
filtration. For oxidation, aeration or chemical oxidants including potassium
permanganate, chlorine dioxide, ozone, and chlorine can be used. For filtration,
gravity or pressure filtrations can be used with dual granular media or catalytic
media (manganese dioxide coated or solid manganese dioxide). To be effective,
the use of dual media would require a large contact chamber upstream of the
filters. Catalytic media (solid manganese dioxide or manganese dioxide coated
media) adsorbs the dissolved iron and manganese and helps to complete the
oxidization catalytically through a catalytic process within the media itself. This
media approach typically eliminates the need for an additional contact chamber
and is therefore recommended for this alternative.
Region of Waterloo
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The following oxidants could be used for this alternative:
i.

Aeration: This alternative involves pumping air into the water to oxidize
iron and manganese, forming particles. Aeration is an option for oxidizing
iron and manganese; however, hard water can require pH adjustment
when using aeration. Additional aerator equipment and extra pumping
step would also be needed. Therefore, aeration is not recommended for
oxidation.

ii.

Potassium permanganate: Potassium permanganate is commonly used
for oxidizing iron and manganese. This chemical can be difficult to work
with and if accidentally overdosed can create pink water that is
unappealing to consumers. Due to its complexity and the additional
chemical cost, it is not recommended for oxidation.

iii.

Chlorine Dioxide: Chlorine dioxide is sometimes used for oxidizing iron
and manganese. When oxidizing iron and manganese, chlorine dioxide
generates some disinfection by-products that would require additional
monitoring. This oxidant is not recommended because of the additional
chemical cost and the stringent monitoring that would be required.

iv.

Ozone: Ozone is sometimes used for oxidizing iron and manganese.
Optimizing oxidation with ozone is difficult and can produce permanganate
which can also create pink water in some circumstances. Ozone is less
effective than other oxidants in meeting manganese concentrations below
0.02 mg/L (Health Canada, 2019). Because of this, it will not be
considered.

v.

Chlorine: Chlorine is currently used at Shingletown to provide primary and
secondary disinfection and operations staff is familiar with the chemical.
While chlorine has a slower reaction time with iron and manganese
compared to potassium permanganate, historical pilot testing and
extensive full plant experience in the Region has shown that acceptable
treatment is possible with chlorine. Since chlorine is already available and
used at the Shingletown Wells, the use of this oxidant has the major
benefit that an additional chemical system is not required. This chemical
oxidant is recommended as the best oxidant to use, due to its simplicity,
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track record, and low cost. This will be carried as part of the complete
Alternative 6 –Oxidation and Filtration.
The use of chlorine and filtration with catalytic media has been proven effective
for iron and manganese removal throughout North America and within the
Region of Waterloo. It can consistently achieve manganese concentrations
<0.015 mg/L, the project’s objective. This alternative will be carried forward for
detailed evaluation (see Section 3.2 below).
Alternative 7 – Biological Filtration: This alternative uses bacteria in biofilms
on filter media to adsorb and oxidize manganese only, as iron removal requires
different bacteria. The influent water is aerated to provide adequate aerobic
conditions. This technology has been successful in removing manganese in
several installations in Europe and the United States. There are limited
installations in Canada and no similar installations in the Region. It is unknown
how the bacteria would react to the Shingletown water since it contains relatively
low levels of manganese. There is a significant risk that the biological conditions
for effective treatment would take many months to be established. There is also
a risk that there would be insufficient nutrients in the water to support the
necessary biological conditions. A long term (perhaps 12 month) pilot test would
be required to address these risks. Due to the unknown effectiveness of the
technology to meet water quality objectives and the lack of consistency with
existing infrastructure in the Region, this alternative will not be carried forward to
the detailed evaluation stage.
Alternative 8 – Membrane Filtration: This alternative involves pumping water
under pressure through a membrane following oxidization pre-treatment similar
to Alternative 6. Membrane technology is effective in iron and manganese
removal and compared to other iron and manganese removal technologies, does
not require a large footprint. Additional chemicals are required to clean the
membranes increasing operator complexity. Disposal and storage of these
chemicals would need to be considered. There is the risk the membranes could
gradually plug through accumulation of the precipitated manganese and
precipitation of calcium carbonate from the natural hardness of the groundwater.
This alternative will be carried to the detailed evaluation stage (see Section 3.2
below).
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Treatment Alternatives Evaluation
From the long list of treatment solutions reviewed, the following short list of
alternatives were selected for detailed evaluation:
•

Alternative 4 – Lime or Soda Softening

•

Alternative 6 – Oxidation and Filtration

•

Alternative 8 – Membrane Filtration

The alternative solutions were evaluated following the evaluation criteria outlined
in TM#2 in Table 3.1 to Table 3.4 and summarized in Table 3.5.
As part of the evaluation, the approximate site area required for each alternative
was estimated based on past project experience. For comparison, the
approximate site requirements for Alternatives 4, 6 and 8 were considered large,
medium and small.
For comparison of the lifecycle costs, a high-level cost projection was conducted
based on historical data from similar projects. These values are not to be used as
a construction cost estimate and do not include the cost of land acquisition; they
are intended only for the relative comparison of the alternatives at this stage.
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Table 3.1: Evaluation of Alternative Solutions- Technical Category
Alternative 4

Alternative 6

Alternative 8

Chlorine + Filtration

Membrane Filtration

• Technology will reliably provide
drinking water

•

Technology will reliably provide
drinking water

•

Complex to operate with multiple
chemicals required

Evaluation Category

Criteria

Percentage

Lime or Soda Softening

Technical

Provides Reliable
Service

3.6%

•

Technology will reliably provide
drinking water

•

Complex to operate with multiple
chemicals required

Technical

Meets Existing and
Future Needs

3.6%

•

Technology meets existing and
future needs for drinking water

•

Technology meets existing and future
needs for drinking water

•

Technology meets existing and
future needs for drinking water

Technical

Aligns with Existing
and Planned
Infrastructure

3.6%

•

Treatment technology not used in
the Region for manganese removal

•

Treatment technology currently used
in the Region

•

Treatment technology not used in
the Region for manganese removal

•

Additional chemicals are required

•

Chlorine is currently in use at the
existing facility

•

Additional chemicals are required

Technical

Aligns with Existing
and Future Land Use

3.6%

•

Treatment will require large sized
property acquisition in designated
agricultural land

• Treatment will require medium sized
property acquisition in designated
agricultural land

•

Treatment will require smallest sized
property acquisition in designated
agricultural land

Technical

Aligns with Approval
and Permitting
Process

3.6%

•

Standard permits and approvals for
treatment technology are required

• Standard permits and approvals for
treatment technology are required

•

Standard permits and approvals for
treatment technology are required
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Alternative 4

Alternative 6

Alternative 8

Evaluation Category

Criteria

Percentage

Lime or Soda Softening

Chlorine + Filtration

Membrane Filtration

Technical

Manages and
Minimizes
Construction Risks

3.6%

• Treatment technology will not impact
construction risks

• Treatment technology will not impact
construction risks

•

Technical

Ability to Adapt to
Climate Change

3.6%

• Treatment facility lagoons may be less
resilient to extreme weather events.

• Treatment facility design will be
resilient to extreme weather events.

• Treatment facility design will be
resilient to extreme weather events.

Treatment technology will not impact
construction risks

Overall Technical
Score
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Table 3.2: Evaluation of Alternative Solutions- Natural Environment Category

Evaluation Category Criteria
Natural
Environment

Protects
Environmental
Features

Percentage
6.3%

Alternative 4

Alternative 6

Alternative 8

Lime or Soda Softening

Chlorine + Filtration

Membrane Filtration

•

Use of large quantities of additional
chemicals present increased risk of
spills to environment

•

Treatment alternative has a larger
treatment footprint

•

No additive chemicals are required

•

•

Treatment alternative has a medium
treatment footprint

Use of additional chemicals present
increase risk of spills to environment

•

Treatment alternative has a small
treatment footprint

Natural
Environment

Protects Wildlife and
Species at Risk

6.3%

•

Large treatment site will impact
wildlife habitats

•

Medium treatment site will impact
wildlife habitats

•

Smaller treatment site will impact
wildlife habitats

Natural
Environment

Protects
Groundwater,
Streams and Rivers

6.3%

•

Additional chemicals required and
sludge lagoons present increased
risk of spills

•

Treatment process will have minimal
impacts to the GRCA floodplain and
local watersources

•

Additional chemicals required present
increased risk of spills

Natural
Environment

Minimizes Climate
Change Impacts

6.3%

•

No relative difference between
alternatives with respect to possible
climate change impacts

•

No relative difference between
alternatives with respect to possible
climate change impacts

•

No relative difference between
alternatives with respect to possible
climate change impacts

Overall Natural
Environment Score
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Table 3.3: Evaluation of Alternative Solutions- Social Category
Alternative 4

Alternative 6

Alternative 8

Evaluation Category

Criteria

Percentage

Lime or Soda Softening

Chlorine + Filtration

Membrane Filtration

Social

Minimizes Impacts to
Residents Related to
Noise, Odour, Traffic,
and Aesthetics

4.2%

• Facility will visually change the existing
landscape with minimal noise and
odour impacts

• Facility will visually change the existing
landscape with minimal noise and
odour impacts

• Facility will visually change the existing
landscape with minimal noise and odour
impacts

Social

Minimizes Impacts to
Businesses

4.2%

• Treatment technology will improve
water quality for local businesses

• Treatment technology will improve
water quality for local businesses

• Treatment technology will improve
water quality for local businesses

Social

Manages and
Minimizes
Construction Impact

4.2%

• Construction of lagoons may increase
visual disturbances

• Construction of facility will have
minimal impacts on surrounding area

• Construction of facility will have
minimal impacts on surrounding area

Social

Protects Cultural
Heritage Features

4.2%

• Cultural Heritage features will not be
impacted by the treatment technology

• Cultural Heritage features will not be
impacted by the treatment technology

• Cultural Heritage features will not be
impacted by the treatment technology

Social

Protects
Archaeological
Features

4.2%

• Treatment facility has a potential for
impact on archaeological features

• Treatment facility has a potential for
impact on archaeological features

• Treatment facility has a potential for
impact on archaeological features

• An archeological assessment will be
conducted to identify any
archeological features

• An archeological assessment will be
conducted to identify any
archeological features

• An archeological assessment will be
conducted to identify any
archeological features
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Alternative 4

Alternative 6

Alternative 8

Evaluation Category

Criteria

Percentage

Lime or Soda Softening

Chlorine + Filtration

Membrane Filtration

Social

Protects Health and
Safety

4.2%

• Operation with additional chemicals
required will increase the health and
safety hazards for operations staff.

• Operation will not have negative
health impact on residents or Region
staff.

• Operation with additional chemicals
required will increase the health and
safety hazards for operations staff.

• Public health and safety will not be
impacted

• Public health and safety will not be
impacted

• Public health and safety will not be
impacted

Overall Social Score

Region of Waterloo
December 4, 2019

RVA 184245
FINAL

Iron and Manganese Treatment Upgrades for the Shingletown Wells
Class Environmental Assessment – Technical Memorandum #3

Page 13

Table 3.4: Evaluation of Alternative Solutions- Financial Category
Alternative 4

Alternative 6

Alternative 8

Evaluation Category

Criteria

Percentage

Lime or Soda Softening

Chlorine + Filtration

Membrane Filtration

Financial

Provides Low
Lifecycle Costs

25%

• Treatment technology has the
highest estimated lifecycle cost of
$45,000,000

• Treatment technology has lowest
estimated lifecycle cost of $16,000,000

• Treatment technology has medium
estimated lifecycle cost of $26,000,000

Overall Financial
Score
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Preferred Technology Alternative
Based on the detailed evaluation of the three alternatives as summarized in
Table 3.5, the preferred alternative is the use of chemical oxidation using
chlorine as pre-treatment for filters with catalytic media. It is recommended for
the following reasons:
-

It is a proven and effective technology

-

No additional chemicals are required

-

It has a relatively small footprint

-

It has lower costs and impacts than the other effective alternatives

Table 3.5: Summary of Evaluation Criteria Technology Alternatives
Evaluation
Category

Percentage

Technical

25%

Natural
Environment

25%

Social

25%

Financial

25%

Alternative 4

Alternative 6

Alternative 8

Lime or Soda
Softening

Chlorine +
Filtration

Membrane
Filtration

Overall Score

3.4

Sensitivity Analysis
A sensitivity analysis was conducted following the first Public Consultation
Centre. Different weightings of the categories were evaluated to determine if the
outcome on the preferred alternative would change. Based on the PCC held on
October 23, 2019, no preference was given to a specific category. The following
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four different scenarios were analyzed with increased weightings for each
category:
1. Technical: 40%, Natural Environment: 20%, Social: 20%, Financial: 20%;
2. Technical: 20%, Natural Environment: 40%, Social: 20%, Financial: 20%;
3. Technical: 20%, Natural Environment: 20%, Social: 40%, Financial: 20%;
4. Technical: 20%, Natural Environment: 20%, Social: 20%, Financial: 40%;
In all four scenarios, the preliminary preferred residual management alternative
was not impacted by the variation in weighting and remained Alternative 6.

4.0

DISCUSSION AND SELECTION OF RESIDUAL MANAGEMENT
ALTERNATIVES
Based on the selection of the treatment technology, an estimate of residual
production was prepared, and a list of potential residual management
alternatives was developed. The residual management alternatives were
evaluated using the criteria identified in TM#2.
It can be noted that pilot testing was conducted for pressure filters with catalytic
media at the Shingletown Wells as a result of the opportunity to coordinate with
testing at another Regional facility. The pilot testing was completed to provide
preliminary information on the treatability and characteristics of the raw water and
the potential residual waste stream. Manganese dioxide coated media
(GreensandPlus) and manganese dioxide media (MD-80) were piloted. The
testing did not impact the selection of the preferred treatment technology under
the Class Environmental Assessment process.

4.1

Residuals Produced
Residual management alternatives will be needed to manage the following
residuals:
•

Filter backwash

•

Filter to waste

•

Chlorine analyzers

•

Turbidity analyzers
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The following assumptions were made to estimate the total volume of waste
streams:
•

Filter backwash:
o Number of Filters: Pilot testing and preliminary correspondence
with suppliers have indicate design loading rates of 18 to 20 m/h
would successfully meet the targeted treatment objectives for the
Shingletown Wells. Based on this range in loading rates and design
configurations for similar facilities (n+1), it is estimated that (4)
filters each with a filtration area of 42 m2 would be required. An n+1
configuration allows for one unit to be out of service and capacity
still be maintained.
o Backwash volume per filter: Using this filter size and pilot testing
backwash results, a volume of approximately 70 m3 would be
generated per filter for one backwash and one filter to waste cycle.
Preliminary supplier information suggests a backwash frequency
between 48 hours to one week. Pilot testing would suggest
backwashing of filters every 5 days is sufficient. For this analysis, a
backwash frequency of every 5 days per filter was assumed.
o Backwash Equalization Tank (BET): The backwash volumes
produced are expected to contain small concentrations of iron and
manganese. After adequate settling time, most of the remaining
water could separate as “supernatant”. The solids would gradually
thicken to a liquid “settled solids” suspension.
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Settled Solids: The backwash was tested during pilot testing
and the settling rate was not able to be determined due to
the low volume of solids. Based on preliminary supplier
correspondence, a solids concentration of 0.05% to 0.1% is
assumed when terminal head loss is reached. Based on
previous project experience, RVA has found that the settled
solids sludge can achieve a concentration of 0.5%. Using an
average historical manganese concentration of 0.0296 mg/L
and an average historical iron concentration of 0.0240 mg/L
between 2009 and 2018 and assuming a settled sludge
concentration 0.1%, it was calculated that a solids volume of
approximately 270 m3 would be produced a year.

Filter to waste flows: Following each backwash, the filter to waste was
estimated to be 3-5 minutes at the operational loading rate based on
preliminary correspondence with suppliers. This flow will contain very low
concentrations of solids and will be added directly into the backwash
equalization tank.

•

Chlorine analyzers: Chlorine analyzers will be required for the pre filter
water, on the discharge of each filter and downstream of the filters post
chlorination. The chlorine analyzers would operate at a constant rate of
0.04 m3/h. It is assumed the water produced from the chlorine analyzers
will be discharged into the backwash equalization tank and all be recycled.

•

Turbidity analyzers: Turbidity analyzers will be required for the pre filter
water, on the discharge of each filter and downstream of the filters post
chlorination. The analyzers would operate at a constant rate of 0.06 m3/h.
It is assumed the water produced from the turbidity analyzers will be
discharged into the backwash equalization tank and all be recycled.
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Table 4.1 summarizes the estimated process residuals wastewater volumes.
Table 4.1: Estimated Residual Management Streams
Source

Backwash Rate Number
per unit (m3/h) of Units

Time
Frequency
(min/day) (day/week)

Filter
Backwash

310

4

10

1.4

290

Filter to
Waste

190

4

5

1.4

89

Chlorine
Analyzers

0.04

6

1440

7

40.3

Turbidity
Analyzers

0.06

6

1440

7

60.5

Total

Volume
(m3/week)

479.8

Waste stream sources that are not process residuals include:
•

Sample Sink

•

Eyewash Station

•

Safety Shower

•

Floor Drains

•

Washrooms (if required)

Management of these waste streams will be confirmed in later stages of this
project and may include discharge to surface or holding tanks with trucking,
depending on the characteristics of the waste stream.
4.2

Residual Management Alternatives
Following the pre-screening of treatment alternatives, the following residual
management solutions were considered:
•

Alternative A – Do Nothing

•

Alternative B – Lagoon for backwash equalization and residual storage
(all discharges) with supernatant decanting from the lagoon to the
environment (i.e. a local ditch or watercourse)
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•

Alternative C –BET with supernatant decanting to the environment and
small lagoon for settled solids storage and dewatering, with supernatant to
be discharged to the environment.

•

Alternative D – BET with supernatant decanting to the environment, and
settled solids haulage to septage receiving station by truck

•

Alternative E – BET with recycling of supernatant to the raw water supply
flowing into the filters, and a small lagoon for settled solids storage.

•

Alternative F – BET with recycling of supernatant and settled solids
haulage to septage receiving station

•

Alternative G – BET with pumping of all solids and supernatant to an
existing sanitary sewer.

These residual management solutions are briefly discussed in the following
sections:
Alternative A, B, C, D & E – These alternatives involve discharge of the
supernatant to the environment. Pilot testing results indicate that copper levels in
the supernatant exceed the PWQO, therefore, these alternatives were not
considered feasible and will not be evaluated further.
Alternative F – For this alternative, residual haulage to a septage receiving
station would require one trip per week in truck traffic. Residuals would have high
levels of iron and manganese which could require a surcharge agreement. This
alternative has been used extensively for other plants within the Region and
elsewhere. Recycling of the supernatant may have minor impacts to the filter
loading rate over time. This alternative will be reviewed in the detailed evaluation
process (see Section 4.3 below).
Alternative G – For this alternative, a pumping station and forcemain would be
required to pump the supernatant and settled solids to a nearby sanitary system.
Both the Kitchener and Baden collection system were considered, however, the
Baden collection system was ruled out as the Baden Pumping Station does not
have available capacity, as per the Region Wastewater Treatment Master Plan
(CIMA, 2018). The Kitchener sanitary collection system is located approximately
9 km from the Shingletown Wells. It is estimated that a minimum of two pumping
stations would be required based on the length and topography of the alignment.
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It can be noted that if this solution is selected as the preferred solution, additional
investigation would be required to confirm the pumping station configuration,
number of pumping stations, and the available capacity of the downstream
collection system. This alternative would involve a large capital cost and traffic
would be disrupted during construction.
This alternative would have the advantage that sanitary wastewater generated
from the site could be included in the flow, eliminating the need for any special
management of these wastes. This alternative will be considered in the detailed
evaluation process (see Section 4.3 below).
4.3

Residual Management Evaluation
From the residual management solutions reviewed, the following alternatives
were selected for detailed evaluation:
•

Alternative F – BET + Recycling of Supernatant + Settled Solids
Haulage

•

Alternative G – BET + Pumping of Solids and Supernatant to Sanitary
Sewer

The alternative solutions were evaluated as per the evaluation criteria outlined in
TM#2 in Table 4.2 to Table 4.5. The results are summarized in Table 4.6.
For comparison of the lifecycle costs, a high-level cost projection was conducted
based on historical data from similar project. These values are not to be used as
a construction cost estimate and are only for relative comparison of alternatives
at this stage.

Region of Waterloo
December 4, 2019

RVA 184245
FINAL

Iron and Manganese Treatment Upgrades for the Shingletown Wells
Class Environmental Assessment – Technical Memorandum #3

Page 20

Table 4.2: Evaluation of Alternative Solutions- Technical Category
Alternative F

Alternative G

Evaluation
Category

Criteria

Percentage BET + Recycling of Supernatant
+ Settled Solids Holding Tank +
Settled Solids Haulage

BET + Pumping of Solids and
Supernatant to Sanitary Sewer

Technical

Provides
Reliable
Service

3.6%

• Alternative will reliably manage
treatment residuals

Technical

Meets
Existing and
Future Needs

3.6%

• Alternative will meet existing and
future needs for residual
management

• Alternative will meet existing and
future needs for residual
management

Technical

Aligns with
Existing and
Planned
Infrastructure

3.6%

• Residual management strategy
currently used in Region

• Existing sanitary sewer system
and treatment plant not designed
with spare capacity for this
additional flow

• Alternative will reliably manage
treatment residuals

• Multiple pumping stations
increase complexity for operators

• There is no existing sanitary
network
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Alternative G

Evaluation
Category

Criteria

Percentage BET + Recycling of Supernatant
+ Settled Solids Holding Tank +
Settled Solids Haulage

BET + Pumping of Solids and
Supernatant to Sanitary Sewer

Technical

Aligns with
Existing and
Future Land
Use

3.6%

• Alternative will have minimal
potential impacts to existing
land uses.

• Pumping stations requirements
will have impacts to existing land
uses

Technical

Aligns with
Approval and
Permitting
Process

3.6%

• Standard permits and approvals
for residual management are
required

• Additional approvals are required
for constructing within the
roadway and for construction of
new sanitary pumping stations

Technical

Manages and
Minimizes
Construction
Risks

3.6%

• Alternative minimizes
construction complexity

• Construction is complex due to
construction within the roadway
and connecting to the existing
sanitary system
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Evaluation
Category

Criteria

Technical

Ability to
Adapt to
Climate
Change

BET + Recycling of Supernatant
Percentage + Settled Solids Holding Tank +
Settled Solids Haulage
3.6%

Page 22

Alternative G
BET + Pumping of Solids and
Supernatant to Sanitary Sewer

• Residual management alternative • Residual management alternative
is resilient to extreme weather
is resilient to extreme weather
events.
events.

Overall
Technical
Score
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Table 4.3: Evaluation of Alternative Solutions- Natural Environment Category
Alternative F

Alternative G
BET + Pumping of Solids and
Supernatant to Sanitary Sewer

Evaluation
Category

Criteria

Percentage

BET + Recycling of Supernatant
+ Settled Solids Holding Tank +
Settled Solids Haulage

Natural
Environment

Protects
Environment
al Features

6.3%

•

Alternative will have little
impact on sensitive natural
features

•

Alternative will have a larger
impact due to creek crossings
which are likely required which
could impact sensitive natural
features

Natural
Environment

Protects
Wildlife and
Species at
Risk

6.3%

•

Alternative will have little
impact on wildlife

•

Alternative will have an impact
on wildlife due to construction

Natural
Environment

Protects
Groundwater,
Streams and
Rivers

6.3%

•

Facility location will minimize
impacts to the GRCA
floodplain

•

Facility location will minimize
impacts to the GRCA floodplain

•

Creek crossings are likely
required which increases the
risk of potential for forcemain
breaks
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Alternative G

Evaluation
Category

Criteria

Percentage

BET + Recycling of Supernatant BET + Pumping of Solids and
+ Settled Solids Holding Tank + Supernatant to Sanitary Sewer
Settled Solids Haulage

Natural
Environment

Minimizes
Climate
Change
Impacts

6.3%

•

Trucking away settled solids
would result in greenhouse
gas emission

•

Construction of forcemain will
result in increase of
greenhouse gas emissions

Overall
Natural
Environment
Score
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Table 4.4: Evaluation of Alternative Solutions- Social Category
Alternative F

Alternative G

BET + Recycling of Supernatant
+ Settled Solids Holding Tank +
Settled Solids Haulage

BET + Pumping of Solids
and Supernatant to Sanitary
Sewer

Evaluation
Category

Criteria

Percentage

Social

Minimizes
Impacts to
Residents
Related to
Noise, Odour,
Traffic, and
Aesthetics

4.2%

Social

Minimizes
Impacts to
Businesses

4.2%

• Alternative will have minimal
impacts on local businesses

• Road construction and longterm maintenance will impact
local businesses

Social

Manages and
Minimizes
Construction
Impact

4.2%

• Construction of facility will
have minimal impacts on
surrounding area

• Construction of forcemain
will have a large impact on
surrounding area
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Alternative F

Alternative G

BET + Recycling of Supernatant
+ Settled Solids Holding Tank +
Settled Solids Haulage

BET + Pumping of Solids
and Supernatant to Sanitary
Sewer

Evaluation
Category

Criteria

Percentage

Social

Protects
Cultural
Heritage
Features

4.2%

• Alternative will not impact
cultural heritage features

• Alternative has greater
potential to impact cultural
heritage features

Social

Protects
Archaeologic
al Features

4.2%

• Alternative has low potential
for impact on archaeological
features

• Alternative has greater
potential for impact on
archaeological features

Social

Protects
Health and
Safety

4.2%

• Construction and operation
will have minimal impacts on
residents or Region staff

• Construction and operation
will have minimal impacts on
residents or Region staff

• Public health and safety will
not be impacted

• Public health and safety will
not be impacted

Overall
Social Score

Region of Waterloo
December 4, 2019

RVA 184245
FINAL 2

Iron and Manganese Treatment Upgrades for the Shingletown Wells
Class Environmental Assessment – Technical Memorandum #3

Page 27

Table 4.5: Evaluation of Alternative Solutions- Financial Category
Alternative F

Alternative G

Evaluation
Category

Criteria

Percentage

BET + Recycling of Supernatant
+ Settled Solids Holding Tank +
Settled Solids Haulage

BET + Pumping of Solids and
Supernatant to Sanitary Sewer

Financial

Provides Low
Lifecycle
Costs

25%

• Alternative has lowest
lifecycle cost of $3,000,000

• Alternative has highest
lifecycle cost of $24,000,000

Overall
Financial Score
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Preferred Residual Management Alternative
Based on the detailed evaluation of the two alternatives as summarized in
Table 4.6, the preferred alternative is Alternative F. The residual management
system will consist of a backwash equalization tank, recycling of the
supernatant, and hauling of the residuals.

Table 4.6: Summary of Evaluation Criteria Residual Management Alternatives
Alternative F

Alternative G

Evaluation
Category

Percentage BET + Recycling of Supernatant BET + Pumping of Solids
+ Settled Solids Holding Tank + and Supernatant to
Settled Solids Haulage
Sanitary Sewer

Technical

25%

Natural
Environment

25%

Social

25%

Financial

25%

Overall Score

4.5

Sensitivity Analysis
A sensitivity analysis was conducted following the first Public Consultation
Centre. Different weightings of the categories were evaluated to determine if the
outcome on the preferred alternative would change. Based on the PCC held on
October 23, 2019, no preference was given to a specific category. The following
four different scenarios were analyzed with increased weightings for each
category:
1. Technical: 40%, Natural Environment: 20%, Social: 20%, Financial: 20%;
2. Technical: 20%, Natural Environment: 40%, Social: 20%, Financial: 20%;
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3. Technical: 20%, Natural Environment: 20%, Social: 40%, Financial: 20%;
4. Technical: 20%, Natural Environment: 20%, Social: 20%, Financial: 40%;
In all four scenarios, the preliminary preferred residual management alternative
was not impacted by the variation in weighting and remained Alternative F.

5.0

PREFERRED ALTERNATIVE SOLUTION
Following the evaluation of the alternative solutions for the treatment technology
and residue management for iron and manganese removal at the Shingletown
Wells, the recommended alternative is oxidation and filtration using chlorine as
the oxidant with catalytic media. The residual management for the facility
includes a backwash equalization tank, recycling of the supernatant, and hauling
of the solids as required.
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APPENDIX A:
PRELIMINARY RESIDUAL MANAGEMENT
CALCULATIONS

Shingletown Iron and Manganese Treatment Upgrades – Waterloo, ON
TM#3 – Preliminary Residual Management Calculations
BASIC DESIGN PARAMETERS

Current Capacity (all 3 wells)
Future Capacity (all 3 wells)

L/s

m3/h

100

360

157.8

568

FILTRATION
Number of Filters

4

Filter Diameter

3.66 m

Filter Area

10.5 m2

Filter Loading Rate

18-24 m/h

Backwash Loading Rate

29.4 m/h

Filter to Waste Volume Rate

310 m3/h

Backwash duration per filter

10 min

Backwash duration per filter

0.167 h

Backwash Volume per Filter

51.6 m3

Filter to Waste Loading Rate

18 m/h

Filter to Waste Volume Rate

190 m3/h

Filter to Waste duration per filter
Filter to Waste duration per filter
Filter to Waste Volume per Filter
Total Volume of Residuals Produced per Filter

5 min
0.083 h
15.8 m3
67 m3

Alternative F: BET + Recycling of Supernatant + Settled Solids Holding Tank + Settled Solids Haulage
Solids Produced
Percent of Solids
Weight of Solids/Volume of Solids

0.10%
1000 mg/L

Mn in Raw Water

0.0296 mg/L Average Historical Mn concentration for K51 (worse case of both wells)

Fe in Raw Water

0.024 mg/L Average Historical Fe concentration for K51 (worse case of both wells)

Mn + Fe removed per year
Volume of Solids per year
Volume of Solids per year
Volume of Haulage Truck
Frequency of Haulage Truck Required

266813832 mg/L
266814 L/year
270 m3/year
6 m3
45 times/year

Alternative H: BET + Pumping of Solids and Supernatant to Sanitary Sewer
Supernatant and Solids Produced
Days Per Backwash
Backwash Frequency

5 Days/Backwash/Filter
73 Days/year

Chlorine and Turbidity Analyzers

525.6 m3/year

Backwash Volume Produced per year

20188 m3/year

Pumping Rate of Solids and Supernatant
Hours of Pump Operation

35 L/s
160 h/year

APPENDIX B:
Treatment Alternatives Relative Cost
Comparison

Shingletown Iron and Manganese Treatment Upgrades- Waterloo, ON
TM#3- Technology Comparison- Lifecycle Cost
Updated:
Shingletown Capacity

2019-11-08
157.8 L/s

Alternative 4: Lime or Soda Softening
CAPITAL COST
The comparative capital costs were estimated based on the Water and Wastewater Asset Cost Study (R.J. Burnside, 2005) Convention Treatment <10,000 L/min and Lime Soda Ash cost estimation curves with 1.33 general multiplier for items such as engineering, permits,
approvals, construction overhead, building and site works, field investigations and water source development, 1.24 multiplier for building costs and a 1.03 regional multiplier. These curves were adjusted to 2019 costs based on Marshall and Swift 2019 cost index with 20%
contigency, rounded up to nearest million. The relative costs between alternatives was compared against previous project experience. These curves did not include the cost for secondary disinfection, contact tank, reservoir, well pumps or residual management equipment
and tankage. A detailed cost estimate will be prepared at a later date in the project for the preferred alternative.
Cost

CAPITAL COST

$
Estimated Capital Cost

$

29,000,000.00

Total

$

29,000,000

OPERATION AND MAINTENANCE
A high level cost estimate was prepared for comparison purposes only. A more detailed cost estimate will be prepared at a later date in the project. This cost comparison does not include the O&M costs associated with all alternatives including the energy consumption from
the high lift pumps and HVAC . The costs for residual management will be reviewed at a later date.
ANNUAL COSTS

Unit

Energy Consumption - Lime System

Quantity

Price per unit

Yearly Cost

$

$

Discount Rate

Present Cost of
50 years

%

$

Assumptions
Includes rotary airlock, screw feeder, air compressor, batch mixing tank, transfer pump day tank mixer
238,467 and lime feed pump.

kWh/yr

92,506

$

0.12

$

11,101

4%

$

Operation & Maintenance Labour

hr/yr

1300

$

100.00

$

130,000

4%

$

2,792,684 25 hrs/week to maintain system

Chemical Costs for Slaked Lime

kg/year

99,557

$

0.90

$

89,602

4%

$

1,924,839 previous project.

Chemical Costs for Carbon Dioxide

kg/year

99,557

$

2.00

$

199,115

4%

$

4,277,421 preliminary research.

$

500,000

$

9,300,000 Rounded up to nearest one hundred thousand.

Total

2019 Price
LIFE CYCLE

Years to
perform

Discount Rate

$
Chemical Equipment Replacement
Chemical Equipment Replacement
Chemical Equipment Replacement
Chemical Equipment Replacement
Chemical Equipment Replacement
Total

200,000
200,000
200,000
200,000
200,000

$
$

29,000,000
9,700,000

10
20
30
40
50

4%
4%
4%
4%
4%

Based on Tetra Tech model, 20 mg/L of pure CO2 used to bring pH down to 8. Cost estimate from

Present Cost

%

$
$
$
$
$

Based on Tetra Tech model, 20 mg/L of pure slaked lime used to bring pH above 9. Cost estimate from

$
$
$
$
$
$

Assumptions
20% of equipment cost based on estimate for previous project (~$1,000,000 for equipment)
20% of base equipment cost based on estimate for previous project (~$1,000,000 for equipment)
20% of base equipment cost based on estimate for previous project (~$1,000,000 for equipment)
20% of base equipment cost based on estimate for previous project (~$1,000,000 for equipment)
20% of base equipment cost based on estimate for previous project (~$1,000,000 for equipment)
Rounded up to nearest one hundred thousand.

$
135,113
91,277
61,664
41,658
28,143
400,000

OVERALL COST
Capital Costs
Present Value O&M

Subtotal $
$

TOTAL COST FOR ALTERNATIVE

$

38,700,000
5,805,000 add

Annual Operating Costs $

15% Safety Factor

45,000,000 Rounded up to nearest million.

500,000

Shingletown Iron and Manganese Treatment Upgrades- Waterloo, ON
TM#3- Technology Comparison- Lifecycle Cost
Updated:

2019-11-08

Alternative 6: Chlorine + Pressure Filter+ Catalytic Media
CAPITAL COST

The comparative capital costs were estimated based on the Water and Wastewater Asset Cost Study (R.J. Burnside, 2005) Iron and Manganese Removal cost estimation curve with 1.33 general multiplier for items such as engineering, permits, approvals, construction overhead,
building and site works, field investigations and water source development, 1.24 multiplier for building costs and a 1.03 regional multiplier. These curves were adjusted to 2019 costs based on Marshall and Swift 2019 cost index with 20% contigency, rounded up to nearest
million. The relative costs between alternatives was compared against previous project experience. These curves did not include the cost for secondary disinfection, contact tank, reservoir, well pumps or residual management equipment and tankage. A detailed cost estimate will
be prepared at a later date in the project for the preferred alternative.
Cost

CAPITAL COST

$
Estimated Capital Cost

$

12,000,000.00

Total

$

12,000,000

OPERATION AND MAINTENANCE
A high level cost estimate was prepared for comparison purposes only. A more detailed cost estimate will be prepared at a later date in the project. This cost comparison does not include the O&M costs associated with all alternatives including the energy consumption from the
high lift pumps and HVAC . The costs for residual management will be reviewed at a later date.
ANNUAL COSTS

Unit

Quantity

Backwash pump, 4 filter/day, 15 min

kWh/yr

2363

Operation & Maintenance Labour

hr/year

624

Price per unit

Yearly Cost

$
$

$
0.12

$

$100.00

Years to
perform

LIFE CYCLE

Discount Rate

$
Replace Media Every 10 Years
Replace Media Every 10 Years
Replace Media Every 10 Years
Replace Media Every 10 Years
Replace Media Every 10 Years
Valves Overhaul Every 10 Years
Valves Overhaul Every 10 Years
Valves Overhaul Every 10 Years
Valves Overhaul Every 10 Years
Valves Overhaul Every 10 Years
Total

200,116
200,116
200,116
200,116
200,116
50,900
50,900
50,900
50,900
50,900

$
$

12,000,000
1,900,000

10
20
30
40
50
10
20
30
40
50

4%
4%
4%
4%
4%
4%
4%
4%
4%
4%

100,000

Present Cost of
50 years

Assumptions

%
4%

$

$

4%

$

1,340,488 15 hours/week to maintain system

$

1,400,000 Rounded up to nearest one hundred thousand.

6,092 Operating at 240 L/s, 15 min/day at 69 Kpa.

Present Cost

%

$
$
$
$
$
$
$
$
$
$

284
$62,400

$

Total

2019 Price

Discount Rate

$
$
$
$
$
$
$
$
$
$
$

$

Assumptions

135,191
91,330
61,699
41,682
28,159
34,386
23,230
15,693
10,602
7,162
500,000

Estimate for GreensandPlus and anthracite media replacement.
Estimate for GreensandPlus and anthracite media replacement.
Estimate for GreensandPlus and anthracite media replacement.
Estimate for GreensandPlus and anthracite media replacement.
Estimate for GreensandPlus and anthracite media replacement.
50% of original cost of 2 valves and 1 motorized actuator per filter (4 filters)
50% of original cost of 2 valves and 1 motorized actuator per filter (4 filters)
50% of original cost of 2 valves and 1 motorized actuator per filter (4 filters)
50% of original cost of 2 valves and 1 motorized actuator per filter (4 filters)
50% of original cost of 2 valves and 1 motorized actuator per filter (4 filters)
Rounded up to nearest one hundred thousand.

OVERALL COST
Capital Costs
Present Value O&M

Subtotal $
$

TOTAL COST FOR ALTERNATIVE

$

$ 13,800,000
$ 2,185,000

13,900,000
2,085,000 add

16,000,000

Annual Operating Costs $

15% Safety Factor

100,000

Shingletown Iron and Manganese Treatment Upgrades- Waterloo, ON
TM#3- Technology Comparison- Lifecycle Cost
Updated:

2019-11-08

Alternative 8: Membrane Filtration
CAPITAL COST

The comparative capital costs were estimated based on the Water and Wastewater Asset Cost Study (R.J. Burnside, 2005) Iron and Manganese Removal cost estimation curve with 1.33 general multiplier for items such as engineering, permits, approvals, construction
overhead, building and site works, field investigations and water source development, 1.24 multiplier for building costs and a 1.03 regional multiplier. These curves were adjusted to 2019 costs based on Marshall and Swift 2019 cost index with 20% contigency, rounded up to
nearest million. The relative costs between alternatives was compared against previous project experience. These curves did not include the cost for secondary disinfection, contact tank, reservoir, well pumps or residual management equipment and tankage. A detailed cost
estimate will be prepared at a later date in the project for the preferred alternative.
Cost

CAPITAL COST

$
Estimated Capital Cost

$

18,000,000.00

Total

$

18,000,000

OPERATION AND MAINTENANCE
A high level cost estimate was prepared for comparison purposes only. A more detailed cost estimate will be prepared at a later date in the project. This cost comparison does not include the O&M costs associated with all alternatives including the energy consumption from
the high lift pumps and HVAC . The costs for residual management will be reviewed at a later date.
ANNUAL COSTS

Unit

Energy Consumption - Membrane System

Quantity

Price per unit

Yearly Cost

$

$

Discount Rate

Present Cost of
50 years

%

$

kWh/yr

320,000

$

0.12

$

38,400

4%

$

hr/yr

1040

$

100.00

$

104,000

4%

$

Chemical Costs for Sodium Hypochlorite

L/year

11,300

$

1.34

$

15,086

4%

$

Chemical Costs for Citric Acid

L/year

1,400

$

3.53

$

4,948

4%

$

Chemical Costs for Hydrochloric Acid

L/year

800

$

1.20

$

957

4%

$

Chemical Costs for Sodium Bisufite

L/year

2,800

$

1.34

$

3,756

4%

$

Chemical Costs for Sodium Hydroxide

L/year

1,500

$

2.77

$

4,150

4%

$

$

200,000

Operation & Maintenance Labour

Total

2019 Price

Years to
perform

LIFE CYCLE

Discount Rate

$

824,916

%

2,234,147 15 hours/week to maintain system
324,075 Cost of chemical and dosages from
106,285 Cost of chemical and dosages from
20,554 Cost of chemical and dosages from
80,697 Cost of chemical and dosages from

previous project estimate.
previous project estimate.
previous project estimate.
previous project estimate.
89,142 Cost of chemical and dosages from previous project estimate.

3,700,000 Rounded up to nearest one hundred thousand.

Assumptions
20% of equipment cost based on previous project (~$2,000,000 for equipment)
20% of equipment cost based on previous project (~$2,000,000 for equipment)
20% of equipment cost based on previous project (~$2,000,000 for equipment)
20% of equipment cost based on previous project (~$2,000,000 for equipment)
20% of equipment cost based on previous project (~$2,000,000 for equipment)
Rounded up to nearest one hundred thousand.

$

$

400,000

10

4% $

270,226

Membrane Replacement

$

400,000

20

4% $

182,555

Membrane Replacement

$

400,000

30

4% $

123,327

Membrane Replacement

$

400,000

40

4% $

83,316

Membrane Replacement

$

400,000

50

4% $

56,285

$

800,000

OVERALL COST
Capital Costs
Present Value O&M

$
$
Subtotal $
$

TOTAL COST FOR ALTERNATIVE

$

18,000,000
4,500,000

$ 20,700,000
$ 5,175,000

22,500,000
3,375,000 add

26,000,000

From previous project estimate. Includes membranes, feed pumps, and ancillary equipment.

Present Cost

Membrane Replacement

Total

$

Assumptions

Annual Operating Costs $

15% Safety Factor

200,000

APPENDIX C:
Residual Management Alternatives Relative
Cost Comparison

Shingletown Iron and Manganese Treatment Upgrades- Waterloo, ON
TM#3- Residual Cost Comparison
Updated:

2019-11-08

Alternative F: BET + Recycling of Supernatant + Settled Solids Haulage
CAPITAL COST
A high level cost estimate was prepared for comparison purposes only and should not be considered as a construction cost estimate. This cost comparison does not include the costs associated with all alternatives including a backwash equalization tank, disposal of sewage and treatment
technology. A more detailed cost estimate will be prepared at a later date in the project for the selected residual management alternative.
Unit

CAPITAL COSTS

per unit
per unit
per unit

Supernatant Recycling Pumps (2)
Decanter
Soilids Pumps
Settled Solids Holding Tank
Total

per m3 concrete

Quantity
2

Price per unit

Cost

$

$

$
$
$
$

1
2
40

80,000.00
35,000.00
50,000.00
900.00

$
$
$
$
$

Assumptions
Estimate for pump with large TDH, low flow.
From supplier correspondance on past projects.

160,000
35,000
100,000
36,000
400,000

Rounded up to nearest one hundred thousand.

OPERATION AND MAINTENANCE
A high level cost estimate was prepared for comparison purposes only. A more detailed cost estimate will be prepared at a later date in the project. This cost comparison does not include the O&M costs associated with all alternatives including the energy consumption from the HVAC and
periodic cleaning.
ANNUAL COSTS

Unit

Quantity

Price per unit

Yearly Cost

$

$

Discount Rate

Present Cost of
50 years

%

$

Assumptions

Energy Consumption - Supernatant Recycling
Pumps
Energy Consumption - Solids Pumps

kWh
kWh

8201
19

$
$

0.12
0.12

$
$

984
2

4%
4%

$
$

Operation & Maintenance Labour

hr/yr

104

$

100.00

$

10,400

4%

$

per hour

200

$

300.00

$

60,000

4%

$

1,288,931 50 trips, 4 hours per trip. Excludes disposal costs.

$

100,000

$

1,600,000 Rounded up to nearest one hundred thousand.

Haulage Costs
Total

2019 Price
LIFE CYCLE

Years to
perform

Discount Rate

$
Equipment Replacement
Equipment Replacement
Equipment Replacement
Equipment Replacement
Equipment Replacement
Total

$
$
$
$
$

118,000
118,000
118,000
118,000
118,000

$
$

400,000
1,900,000

223,415 2 hrs/week to maintain system

Present Cost

%
10
20
30
40
50

21,141 Operating at 16 L/s, 10 hours/week pumping at 690 Kpa.
48 Operating at 10 L/s, 15 min/week pumping at 100 Kpa.

Assumptions
40% of capital equipment cost (pumps and decanter)
40% of capital equipment cost (pumps and decanter)
40% of capital equipment cost (pumps and decanter)
40% of capital equipment cost (pumps and decanter)
40% of capital equipment cost (pumps and decanter)
Rounded up to nearest one hundred thousand.

$
4%
4%
4%
4%
4%

$
$
$
$
$
$

79,717
53,854
36,382
24,578
16,604
300,000

OVERALL COST
Capital Costs
Present Value O&M

Subtotal $
$

TOTAL COST FOR ALTERNATIVE

$

2,300,000
345,000 add

Annual Operating Costs $

15% Safety Factor

3,000,000 Rounded up to nearest million.

100,000

Shingletown Iron and Manganese Treatment Upgrades- Waterloo, ON
TM#3- Residual Cost Comparison
Updated:

2019-11-08

Alternative H: BET + Pumping of Solids and Supernatant to Sanitary Sewer
CAPITAL COST
A high level cost estimate was prepared for comparison purposes only and should not be considered as a construction cost estimate. This cost comparison does not include the costs associated with all alternatives including a backwash equalization tank, disposal of
sewage and treatment technology. A more detailed cost estimate will be prepared at a later date in the project for the selected residual management alternative.
CAPITAL COSTS

Unit

per unit
per m
per station

Supernatant/ Solids Pumps
Forcemain Installation
Pumping Station

Price per unit

Quantity

Cost

2

$

$
80,000.00

$

$
160,000

9000

$

1,000.00

$

9,000,000

$ 1,000,000.00

$

2,000,000

$

11,200,000

2

Total

Assumptions
Pumps located at the facility.
Estimate of pipe material, excavation, bedding, backfill and asphalting.
Construction of wet well, building and equipment. Does not include property acquistion.
Rounded up to nearest one hundred thousand.

OPERATION AND MAINTENANCE
A high level cost estimate was prepared for comparison purposes only. A more detailed cost estimate will be prepared at a later date in the project. This cost comparison does not include the O&M costs associated with all alternatives including the energy consumption
from the HVAC and periodic cleaning.
ANNUAL COSTS

Unit

Quantity

Price per unit

Yearly Cost

$

$

Discount Rate

Energy Consumption - Supernatant and Solids Pumps

kWh

9125

$

0.12

$

1,095

%
4%

Operation & Maintenance Labour

hr/yr

520

$

100.00

$

52,000

4%

$

100,000

Total
2019 Price
LIFE CYCLE
Equipment Replacement
Equipment Replacement
Equipment Replacement
Equipment Replacement
Equipment Replacement
Total

$
$
$
$
$

$
4,464,000
4,464,000
4,464,000
4,464,000
4,464,000

$
$

11,200,000
9,200,000

Years to
perform

Discount Rate
4%
4%
4%
4%
4%

$

Assumptions
23,523 6 pumps (2 stations + facility) operating at 35 L/s, 20 min/day at 200 Kpa.

$
$

1,117,074 10 hrs/week to maintain system and pumping station

$

1,200,000 Rounded up to nearest one hundred thousand.

Present Cost

%
10
20
30
40
50

Present Cost of
50 years

$
$
$
$
$
$

Assumptions
40% of capital equipment cost (pumps, forcemain and pumping stations)
40% of capital equipment cost (pumps, forcemain and pumping stations)
40% of capital equipment cost (pumps, forcemain and pumping stations)
40% of capital equipment cost (pumps, forcemain and pumping stations)
40% of capital equipment cost (pumps, forcemain and pumping stations)
Rounded up to nearest one hundred thousand.

$
3,015,718
2,037,311
1,376,335
929,802
628,141
8,000,000

OVERALL COST
Capital Costs
Present Value O&M

Subtotal $
$

TOTAL COST FOR ALTERNATIVE

$

20,400,000
3,060,000 add

Annual Operating Costs $

15% Contingency

24,000,000 Rounded up to nearest million.

100,000

