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1.0 INTRODUCTION 

This document provides cost estimates and a comparison between the treatment options described in Technical 

Memo (TM) 7A, taking into consideration the constructability and operational aspects of each option 

The costs are partially based on cost estimates developed for the November 2016 funding application using internal 

Tetra Tech pricing and budgetary pricing obtained by vendors.   This information has also been supplemented using 

estimates provided by two vendors prepared in response to a Request for Proposal that was issued in February 

2017, representing a market pricing at that time. This information, combined with other up-to-date vendor pricing, 

construction estimates, and standard cost assumptions, was used to produce the operating costs contained within 

this Technical Memo.  The Class C estimates includes a 25% contingency, and are intended and suitable for 

decision-making purposes in comparing options.  Upon selection of a Preferred Option, more detailed cost 

estimates support a project budget.   

2.0 OPTION 1 – LAGOON UPGRADE TO MEET DISCHARGE PERMIT 

As described in TM 7A, Option 1 is for a lagoon upgrade intended to meet both the existing Discharge Permit and 

federal WSER water quality requirements, and includes the components shown in Figure 1: 

 

 

Figure 1 – Option 1 - Lagoon Upgrade to Meet Discharge Permit Requirements 
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The Lagoon Option involves modifying the existing lagoons to increase the capability to remove BOD by converting 

the existing larger facultative lagoon to an aerated lagoon, doubling the number of surface aerators and aeration 

capacity, adding a mechanical solids separation unit, and providing effluent disinfection facilities.   

Specific cost considerations include: 

Headworks 

The existing headworks, including the inlet channels, grinder and screen, will be retained without modification or 

upgrade.  Continued use of the existing screen will continue to allow debris and solids to bypass the screen during 

peak wet weather flow conditions and accumulate in the lagoons, and increase the cost of removal.  This is the 

current mode of operation and Cumberland operations staff have not experienced operational issues as a direct 

result of solids bypassing the screen.  The financial impact is on long-term operating costs.  Maintaining the status 

quo avoids an immediate capital expenditure and can be addressed in a future plant upgrade. 

The only recommended headworks change is to add flow monitoring for measurement of influent flows to the 

treatment plant for process control purposes and to provide operations staff with information on instantaneous and 

historical flow events.  

Lagoons 

The following lagoon system modifications are intended to increase the existing wastewater treatment capacity to 

meet the Discharge Permit and Federal MSER water quality requirements for average dry weather flows of up to 

1,800 m3/d, and peak wet weather flows of up to 3,600 m3/d: 

1. Dredging to remove accumulated solids to recover storage volume and treatment capacity.  Estimates from 

previous dredging of lagoons provide the basis the allowance of $500,000.  This includes transport and 

disposal of collected biosolids. 

2. Supply and install floating baffle curtains in the large lagoon to minimize the potential for hydraulic short 

circuiting and, thereby, maximizing the hydraulic retention time within the lagoon for the reduction of 

biochemical oxygen demand as a result of biological treatment. 

3. Relocation of the four (4) existing floating surface aerators from the smaller lagoon to the larger lagoon, 

and supply and install four (4) additional 5HP floating aerators. 

4. Construction of a hydraulic structure at the east end of the large lagoon to allow water to flow through the 

berm separating the large and small lagoons.   

5. Installation of pre-fabricated concrete lock blocks will be added to the lagoon walls to prevent velocity and 

current direction changes from eroding the existing berm wall.  

6. Supply and installation of ringlace or other suspended media within the small lagoon to facilitate the 

conversion of ammonia to nitrate to meet the federal WSER un-ionized ammonia criteria. 

Chemically Enhanced Solids/Liquid Separation 

Although the lagoon improvements will increase the biochemical oxygen demand reduction capacity, algae growing 

in the lagoon will contribute to the total suspended solids (TSS).  To meet the Discharge Permit and federal WSER 

TSS requirements of less than 25 mg/L, a chemically-enhanced solids/liquid separation process will be installed to 

treat flows up to 3,600 m3/d.  This unit process will also be used to reduce total phosphorus concentration to meet 

the Discharge Permit requirement of less than 1 mg-P/L through chemical addition.  The solids/liquid separation 

system includes tankage, pumps, and piping integral to the separation process and includes a controlled feed 
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system for polymer and lanthanum chloride, alum, or ferric chloride.  Consideration has been given in the cost 

estimate for either high-rate clarification or Dissolved Aeration Floatation (DAF) solids separation processes.   

Cost estimates for this unit process are based on previous estimates and quotations prepared for the two processes 

and vendor cost estimates for both 1,800 and 3,600 m3/d capacity systems.  Although the flow difference is 100% 

larger, the overall price difference is less than 20%.  The reason is that design and control costs are similar for both 

capacities, and the treatment costs are not proportional to flow.  These elements thus represent a more significant 

percentage of the total cost with lower flows.   

Disinfection 

The disinfection system consists of a contact tank and a liquid Peracetic Acid (PAA) chemical injection dosing 

system to reduce fecal coliform levels to less than 200 CFU/100 mL, and includes inlet flow measurement and 

instrumentation/controls to monitor dosage levels and control the chemical metering pump. 

Dewatering 

Option 1 will generate modest volumes of biosolids that require daily management.  The estimate includes the 

supply and installation of permeable sludge dewatering bags.  These will be located in disposal bins for ease of off-

site transport.  The dewatering performance is adversely affected by the containment but the ease of operation 

offsets the reduced performance.  Piping and pumps are included in this estimate and a channel to collect filtrate 

and return to front end of the plant. 

Based on current operation and other plant experience, operational costs for desludging of the lagoons will occur 

on a five-year basis.  Dredging lagoons is required to re-capture lost water treatment volume due to settled solids. 

This would generate a large volume of produced sludge, which would be run through a dewatering bag system. 

Piping / Channels 

Piping and channel work includes: 

1. making connections to the existing splitter box piping, 

2. adding new valves and piping for raw water inflow into the larger lagoon,  

3. constructing a new interconnection through the berm at the east end of the lagoons; 

4. pipeline or channel construction from the disinfection system to a new discharge location into Maple Lake 

Creek. 

3.0 OPTION 1A – LAGOON UPGRADE TO MEET MWR MEP 

Should the Ministry of Environment mandate MWR requirements for registration for continued discharge to Maple 

Lake Creek, the level of treatment will have to be substantially improved to achieve a GEP water quality.  However, 

an indirect discharge to Maple Lake Creek involving augmenting flows to the natural wetlands bordering the north 

side of the lagoon would require a lower MEP reclaimed water quality and lower cost than for GEP.  Lagoon Option 

1B, illustrated in Figure 2, is designed to produce a MWR MEP reclaimed water quality for subsurface release into 

the natural wetlands with minimal potential for public contact or exposure.  This could be constructed either as 

second phase to the Option 1 Lagoon Upgrade, or as an initial construction project, if required and funding is 

available. 
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Figure 2 – Option 1A - Lagoon Upgrade to Meet MWR MEP Requirements 

 

As Option 1A can be implemented as an extension to the Option 1 Lagoon Upgrade, the cost considerations 

described in Section 2 for Option 1 also apply to Option 1A, in addition to the following considerations: 

Inlet Screen 

A second inlet screening unit is required to meet the MWR equipment redundancy requirements.  The existing 

concrete channel structure already has a second channel in place for this purpose. 

Chemically Enhanced Solids/Liquid Separation 

A second solids separation unit is required to meet the MWR equipment redundancy requirements. 

Disinfection. 

An allowance has been included to increase contact time and add controls for control from the two liquid/solids 

processing units 

Natural Wetlands Distribution 

The estimate includes an allowance to add a conveyance system to move treated water to wetland area to the 

north, and then a system of subsurface distribution.  A low head transfer pump station and an infiltration trench are 

assumed, though there are other ways of doing the water distribution such as mulch beds and subsurface drip 

irrigation.  It should be noted that optional additional works may cost effectively add walking trails and other public 

amenities, and habitat enhancement such as invasive plant removal and tree planting.  An allowance has been 

included. 

Dewatering 

An allowance is included to provide interconnection to the bag dewatering system highlighted in Option 1. 

4.0 OPTION 1B – LAGOON UPGRADE TO MEET MWR GEP  

Option 1B is can also be considered as an extension to Option 1 Lagoon Upgrade, and is intended to generate a 

treated water quality that would enable Cumberland to continue to discharge to Maple Lake Creek.  This option 

considers that the current Discharge Permit would no longer be in effect and the discharge would need to comply 

with the provincial MWR GEP water quality requirements.  The process configuration for Option 1B is illustrated in 

Figure 3: 
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Figure 3 – Option 1B - Lagoon Upgrade to Meet MWR GEP Requirements 

As Option 1B can be implemented as an extension to either Option 1 Lagoon Upgrade or Option 1A, the cost 

considerations described for Option 1 and Option 1A also apply to Option 1B, in addition to the following 

considerations: 

Fine Screening 

The MWR GEP BOD concentration requirements of less than 10 mg/L are considerably lower than the 25 mg/L 

requirement for the existing Discharge Permit or the MWR MEP.  While the extra reduction in BOD could be 

achieved through extended additional biological treatment, a lower cost approach is to reduce the BOD loading to 

the plant.   

Suspended solids in wastewater represents a significant portion of the influent biochemical oxygen demand loading 

to the treatment facility.  Fine screens and chemically enhanced primary separation can reduce the BOD loading in 

the order of 30 percent or more, thereby reducing the BOD loading to the lagoons and reduce the effluent BOD 

concentrations following treatment.  Two fine screens are required to meet the MWR equipment redundancy 

requirements. 

The fine screens will be designed for a hydraulic flow of up to 3,600 m3/d.  As flows above the design capacity 

greatly degrade the performance of primary solids removal, flows in excess of 3,600 m3/d will be bypassed around 

the fine screens. 

Filtration 

The MWR also has an average turbidity water quality requirement of 2 NTU and a maximum of 5 NTU.  High quality 

filtration in the form of, for example, chemically enhanced sand filtration, ultrafiltration membranes, or disk filters, 

are required to consistently achieve the required turbidity levels.  Similar to the fine screens, the filtration system 

will be designed for a hydraulic flow of up to 3,600 m3/d.  As the filters inherently impede water flow and have 

hydraulic flux limitations, flows above the design capacity result in excessive head losses.  Consequently, flows in 

excess of 3,600 m3/d will be bypassed around the filtration system.  Two filtration units are required to meet the 

MWR equipment redundancy requirements. 
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Table 1 provides a summary of the upgrade options 

 

Table 1 Summary of Project Costs for Upgraded Lagoon ($M) 

 

Item Option 1 Option 1A  Option 1  

Construction Subtotal $ 3.7 M $ 2.4 M $ 2.0 M 

Engineering & Project 
Management  

$ 0.4 M $ 0.3 M $ 0.3 M 

Other Owners Costs $ 0.2 M $ 0.2 M $ 0.2 M 

Material Contingency $ 0.3 M $ 0.3 M $ 0.1 M 

Project Contingency 
(25%) 

$ 1.0 M $ 0.7 M $ 0.6 M 

Option Increment  $ 5.6 M $ 3.9 M $ 3.2 M 

Option Total $ 5.6 M $ 9.5 M $ 12.7 M 

 

5.0 OPTION 2 - BASEFLOW MECHANICAL TREATMENT 

Option 2 involves constructing a mechanical biological treatment process to treat up to 3,600 m3/d of wastewater to 

a MWR GEP water quality standard to allow continued discharge to Maple Lake Creek as a stream augmentation 

beneficial reuse application.  Flows in excess of 3,600 m3/d would be diverted through the existing lagoon treatment 

system in its current configuration, with an allowance to remove accumulated sludge from the lagoons as part of 

the construction program. 

The proposed mechanical biological treatment process is a Membrane Bioreactor that inherently provides biological 

oxidation of BOD, TSS removal through solids/liquid separation and filtration of turbidity as a result of ultrafiltration 

membrane application, all in one treatment process.  MBR processes have extremely long sludge ages, resulting 

in BOD and TSS concentrations typically less than 2 mg/L, and near complete conversion of ammonia to nitrate as 

described in TM 7A.   

The process configuration for Option 2 is illustrated in Figure 4. 

 

Figure 4 – Option 2 – Mechanical Treatment to Meet MWR GEP Requirements 
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Specific elements include: 
 

Headworks 

In this phase, the headworks including the inlet channels, grinder and screen will be duplicated for primary 

screening.   

Fine Screens 

As the membranes require finer removal, a fine filter screen will be installed after the coarse screen.  The fine screen 

will not provide reliable service for the high inflow and infiltration solids typical with a combined collection system.  

Consequently, flows in excess of the design capacity of 3,600 m3/d will be bypasses around the fine screens and 

diverted to the existing lagoon system.   Sewer collection service present in Cumberland – thus the need for multiple 

units.  The two fine screen units will be provided to comply with the MWR redundancy requirements. 

Membrane Bioreactor 

The addition of a packaged MBR will be aligned with the original approach as verified by the H2O Innovations 

option.  As noted, the MBR process incorporates ultrafiltration membranes for solids/liquid separation TSS removal, 

as well as colloidal particle (turbidity) removal. 

Peracetic Acid Disinfection 

The disinfection system consists of a contact tank and a liquid Peracetic Acid (PAA) chemical injection dosing 

system.  As the ultrafiltration membrane will reduce the number of fecal coliform levels to less than the detection 

limit, but will not have a similar effect in reducing any viruses that may be present, disinfection efficacy will be based 

on concentration and time (CT) criteria using inlet flow measurement and instrumentation/controls to monitor 

dosage levels and control the chemical metering pump. 

Dewatering 

Option 2 will generate large volumes of biosolids that will have to be managed on a daily basis.  An allowance has 

been included for the supply and installation of permeable sludge dewatering bags.  These will be located in disposal 

bins for ease of off-site transport.  The dewatering performance is adversely affected but the ease of operation 

offsets the reduced performance.  Piping and pumps are included in this estimate and a channel to collect filtrate 

and return to front end of the plant. 

The original estimate allowed for a fully automated – batch dewatering system.  The operational cost for the 

dewatering bags is higher but, the capital cost aligns better for the phased approach.  In subsequent stages, a 

business case could confirm the operational and cost advantages for upgrade.  With treatment to these design 

flows and proximity to a landfill would likely prove bag dewatering as a good approach.  Detailed analysis of the 

comparison is reserved for future study.  Additionally, this cost effective approach is part of the approach to create 

an affordable upgrade option. 
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Table 2 provides a summary of estimated capital costs for the Mechanical Treatment options: 

 

Table 2 Summary of Project Costs for Option 2 Baseflow Mechanical ($M) 

 

Item Option 2 

Construction Subtotal $ 5.4 M 

Engineering & Project 
Management  

$ 0.8 M 

Other Owners Costs $ 0.6 M 

Material Contingency $ 0.7 M 

Project Contingency 
(25%) 

$ 1.8 M 

Total Budget Excl. Reed 
Bed 

$ 9.3 M 

 

6.0 OPTION 3 - FULL FLOW MECHANICAL TREATMENT   

The Full Flow Mechanical treatment option was developed when seeking grant funding in November 2016.   The 

concept was to have the entire peak flow of 14,400 m3/d treated to a secondary level, and tertiary (filtration) 

treatment up to the peak summer flow of 3,600 m3/d. These are the same flow parameters developed in TM#3 using 

historically based projected flows and loads.   

A conservative capital cost estimate was developed for the funding application using internal Tetra Tech pricing 

and budgetary pricing obtained from vendors.   An RFP for the process equipment was issued in February 2017, 

but cancelled when the grant funding was not received.  However, in response to the tender call, two vendors 

progressed their estimate to completion based on the RFP, and provided those estimates to the Village of 

Cumberland, for future consideration.  These proposals represent a market based price to replace the original 

estimates used in November 2016. 

The following provides a summary of the two received estimates using the same scope element as the initial 

estimate and a comparison to the phased approach as described in TM 7A  

Vendor A proposed a Membrane Bioreactor (MBR) system, and Vendor B a Moving Bed Biofilm Reactor (MBBR) 

system.  Both estimates in response to the RFP appear to be close in price – within the accuracy of the estimate.  

The primary savings is found with the chemically enhanced separation component, where the indicative design 

assumed use of a ballasted flocculation process.  This process accounted for 13% of the overall cost.   

In the case of vendor A’s MBR process, separation is integral with the membrane system.  Vendor B with the MBBR 

used a less costly Dissolved Air Floatation (DAF) separation system supplied in a modular nature and installed on 

site by vendor staff.   

The contingencies associated with multiple supplier alignment were also reduced.  The original estimate included 

larger allowances for multiple suppliers providing process elements.  The two bids provided supply with one 

organization thus providing more cost certainty.   
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The project costs are summarized in Table 3.   

Table 3 Summary of Project Costs for Option 3 Full Flow Mechanical ($M) 

 

Item 2016 Estimate Vendor A Vendor B 

Construction Subtotal $10.5 $9.3 $8.0 

Engineering & Project Management  $1.6 $0.9 $0.8 

Other Owners Costs $1.2 $1.0 $1.2 

Material Contingency $2.0 $0.6 $0.8 

Project Contingency (25%) $3.8 $3.0 $2.7 

Total Budget  $19.1 $14.8 $13.5 

 

7.0 REED BED 

The reed bed is an optional component, and is not needed to meet regulatory or capacity requirements.   The 

budget excluding the reed bed represents the minimum capital cost for a complete project, and including it gives 

the comparisons for the project as envisioned in November 2016.   

The reed bed costs included here are based on data obtained from a study reporting on a similar lagoon and reed 

bed system serving a community in Australia.  The study found the reed bed reduced BOD and TSS concentrations 

by an average of 22 mg/L and 8 mg/L, respectively, with an average loading rate of 70 mm/day, with similar 

reductions during wet weather overload conditions of 210 mm/day.  The Cumberland reed bed design estimate 

assumes a 210 mm/day loading rate for peak summer flow of 3,600 m3/d, equating to 1.7 ha of reed bed, or about 

2/3 the size of the larger lagoon.  The project cost reported for the Australian reed beds was $2.5M for a 6 ha reed 

bed in 2000. 

The estimate presented here assumes the reed bed costs are linear to overall size.  In factoring size to 2 ha and 

50% for inflation, this provides a confirmation of the previous allowance of $1.5M.  The final cost includes 25% 

contingency for a total an allowance of $1.9 M.  An annual operating cost allowance would be $25,00 for pumping, 

inspection and minor maintenance. 

As the reed bed is completely discretionary, and can be added to any treatment option at any time, its cost has not 

been included with any of the options. 
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8.0 OPTION  COMPARISON 

Table 4 provides a technical comparison of the options presented above.  There are two comparisons for effluent 

quality: 1) “design”; and 2) “target”.  Design is what is required to be met, for regulatory compliance, across the 

entire design flow range.   The Target effluent quality is what is expected under normal operating conditions of 

Average Dry Weather Flow, as is seen in the real world operation of most treatment plants.  

 

Table 4 Treatment Options Technical Comparison 

 

 Option 

1 1+1A 1+1A+ 1B 2 3 

Description Upgraded 

Lagoon to 

Permit Standard 

Upgraded 

Lagoon to MEP 

Reuse standard, 

Wetland 

Distribution 

Upgraded 

Lagoon to GEP 

Reuse standard 

Base flow 

mechanical to 

GEP reuse 

standard 

Full flow 

mechanical to 

GEP reuse 

standard 

Biosolids 

Withdrawal 

Periodic 

dredging + 

partial volume 

from solids 

separation 

Periodic 

dredging + 

partial volume 

from solids 

separation 

Periodic 

dredging + 

partial volume 

from solids 

separation 

Full sludge 

treatment 

Full sludge 

treatment 

Long Term 

Biosolids 

Production 

Low Low Moderate High Highest 

Operational 

Class 

2-3 2-3 3 4 4 

Energy use  Moderate Moderate Moderate High Highest 

Carbon 

Footprint 

Low Low Moderate High Highest 

Land Reclaimed No No No No Yes (4Ha) 

 

Cost estimates have been developed for each of the options, as shown in Table 5. 

Capital costs are shown here as a lump sum.  These should be considered a Class C estimate with a 25 % 

contingency.  Converting this into an annual tax burden requires consideration of the financing mechanisms to be 

used, as discussed in TM#2.  The funding sources can be a combination of reserves, DCC’s, taxes, borrowing and 

outside grants.   For simplicity, the costs presented are just the estimated capital costs, with financing scenarios to 

be developed later. 

Operating costs for the mechanical plants are based partially on operating costs from the Sechelt Water Resource 

Centre, with appropriate allowances for differences.  Lagoon operating costs are based on current costs and 

standard estimates for cost of operating additional treatment elements like the chemically enhanced separation.  

The operating costs for the lagoon options includes an allowance for dredging of biosolids every 5 years at a cost 

of $500,000.   
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The operating costs are comparative estimates to provide an indication of the relative costs of adding chemical 

treatment and increasing power demands due to addition of mechanical equipment.  The estimate includes an 

allowance for mid-life (15-year) capital replacement of process equipment but excluding tankage.  The MBR option 

assumes membrane replacement every 7.5 years of operation.   

 

Table 5 Treatment Options Cost Comparison 

 Option 1 Option 1A Option 1B Option 2 Option 3 

Capital Cost $ 5.6 M $ 3.9 M $ 3.2 M $ 9.3 M $14.8 M 

Annual operating cost (including 
biosolids) 

$350 k $375 k $425 k $450 k $500 k 

 

Note that all options exclude allowance for treatment with a Reed Bed filter.   


