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1 Introduction 

1.1 Background 

The areas of Royston and Union Bay (the “South Region”) of the Comox Valley Regional District 
(CVRD) currently utilize on-site septic systems for wastewater management.  These systems have 

a history of experiencing failures, which have been impacting the surrounding environment and the 
potential to impact public health.  Impacts to the environment are mostly related to pathogens and 
nutrients that end up in Baynes Sound, which adversely affect the marine life.  Impacts to public 

health are mostly related to the potential presence of pathogens in local shellfish and recreational 
waters.  Due to these issues, in February 2006, the residents in Royston/Union Bay approved by 
referendum the construction of a sewage collection, treatment and discharge system, subject to two 

thirds funding from senior government infrastructure programs. 
 
As a result, the CVRD has retained Associated Engineering to prepare a study that, along with the 

considerable body of planning and engineering work that has been previously carried out over the 
years, will establish a firm direction for the CVRD to move forward with a sewage collection, 
treatment and disposal system to service the CVRD’s South Region.  The CVRD is also interested 

in the possibility (and implications) of including the Village of Cumberland in the South Region’s 
wastewater management system. 
 

The Village of Cumberland is dealing with its own wastewater management challenges.  Their 
lagoon-based wastewater treatment system provides a conventional level of treatment (secondary 
effluent); however, the Ministry of the Environment (MOE) has indicated that future effluent 

discharges to Maple Lake Creek/Trent River will need to meet total phosphorus targets of less than 
0.005 mg/L during the dry weather period, which is beyond the practical limits of treatment 
technology at this time.  In addition, their aging sewage collection system also collects stormwater, 

resulting in extreme wet weather flows with respect to actual wastewater flows (which present a 
series of challenges when it comes to collecting, transporting and treating those flows).  As a result, 
Cumberland will need to find an alternate disposal method during the dry weather period and 

perhaps upgrade their treatment system, as well as separate/replace their sanitary and storm 
sewers to reduce their wet weather flows. 
 
1.2 Study Objective 

The objective of this study was to evaluate a broad range of alternatives for the management of 

wastewater in the South Region of the CVRD, and establish a firm direction for the CVRD to 
proceed with the implementation of the key elements of a South Regional wastewater collection 
and treatment system, that would achieve the following objectives: 

 
 Address the negative impacts of failing septic tanks on the water quality of Baynes Sound,  
 Reduce the risk to shellfish resources in and around Baynes Sound and the local economy 

that is based on the harvesting of shellfish resources, and  
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 Achieve effective recovery and reuse of resources extracted from municipal wastewater in 
the near term, and in perpetuity.   

 
The timing of the study was, in part, intended to assist the CVRD in applying for project funding 
from the Provincial Gas Tax Agreement under the General Strategic Priorities Fund.  The study 

also coincided with Stage 2 of the Liquid Waste Management Planning process underway in the 
Village of Cumberland.   
 
1.3 Report Organization 

The structure of this report reflects the progression of information developed to establish a firm 

direction for the CVRD to move forward with a sewage collection, treatment and disposal system to 
service the CVRD’s South Region. The organization of the report is as follows: 
 

 Section 1: Introduction provides background on the current situation of wastewater 
management in the CVRD South Region, the purpose of the study, and summarizes 
previous work completed by the CVRD. 

 Section 2: Planning Basis provides an overview of key criteria used to develop and size the 
wastewater collection system, treatment system, and disposal system. These criteria 
included population projections, wastewater flows and characteristics. 

 Section 3: Regulatory and Environmental Requirements outlines the applicable regulatory 
framework for the CVRD’s South Region wastewater management strategy. 

 Section 4: Wastewater Management Strategy describes the options for wastewater effluent 

disposal, provides an overview of wastewater treatment requirements and technologies 
based on the regulatory requirements, proposed locations for the wastewater treatment 
facility, and an overview of potential resource recovery opportunities. 

 Section 5: Wastewater Management Scenarios outlines the three scenarios evaluated in 
this study, including descriptions and implementation costs for each scenario (capital costs, 
operating and maintenance costs, and life cycle cost). 

 Section 6: Triple Bottom-Line (Plus Risk) Comparative Evaluation presents the findings of 
the evaluation for the CVRD’s wastewater management scenarios, based on economic, 
environmental, social, and risk criteria. 

 Section 7: Summary and Next Steps provides an overview of key study findings and 
outlines the next steps to implement the recommended direction for the CVRD’s South 
Region wastewater management strategy; and 

 Section 8: References outlines documents cited to support information presented in this 
study. 
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1.4 Previous Work 

Several past reports were used as information sources during the preparation of this study.  Some 
of the information from those reports has been updated or expanded upon as part of this study, 
and, in some cases, the information was updated by the original authors.  Some of the key reports 

included the following: 
 
 Royston/Union Bay Sewage Collection, Treatment and Discharge Study Update – 

November 2009; 
 Draft CVRD Sanitary Sewer Master Plan Update Study – June 2009; 
 Draft CVRD Growth Strategy Bylaw No. 120 – 2010; 

 Marine Disposal Feasibility Report, Royston/Union Bay Sewage Collection, Treatment and 
Disposal Study – December 2004; and 

 Royston/Union Bay Sewage Project: Feasibility of Soil-Based Treatment of Wastewater – 

July 2005. 
 
For a more complete list of previous reports that are relevant to this study, see Section 3.0 of the 

CVRD’s December 2010 Request for Proposals for Engineering Consulting Services for this project 
(CVRD South Region Wastewater Collection, Treatment and Discharge Study). 
 

In addition to this report, Associated Engineering has prepared and submitted other deliverables as 
part of this study’s efforts.  These deliverables are listed below and are included in Appendix A 
and Appendix B. 

 
The following documents were prepared as part of the South Region Wastewater System 
Discharge Analysis phase of the project (Phase 1A) and are included in Appendix A: 

 
 Discussion Paper 1A-1, Point-of-Discharge #2: Marine Discharge into Baynes Sound; 
 Discussion Paper 1A-2, Point-of-Discharge #3: Marine Discharge into Georgia Strait East 

of Comox Bar; and 
 Discussion Paper 1A-3, Point-of-Discharge #4: Marine Discharge off Cape Lazo. 
 

The following documents were prepared as part of the Integrated Resource Recovery Opportunity 
Analysis phase of the project (Phase 1B) and are included in Appendix B: 
 

 Discussion Paper 1B-1, IRR Opportunities - Energy from Residuals; 
 Discussion Paper 1B-2, IRR Opportunities - Nutrient Recovery from Wastewater and 

Residuals; 

 Discussion Paper 1B-3, IRR Opportunities - Direct Heat Recovery from Wastewater; 
 Discussion Paper 1B-4, IRR Opportunities - Water Reclamation and Re-use; and 
 Discussion Paper 1B-5, IRR Opportunities - Electrical Power Generation. 
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2 Planning Basis 

2.1 Population 

The conceptual scenarios presented in this report are based on the following population projections 

for the South Region communities. 
 

Table 2-1 
Population Projections for South Region Communities 

 

 Timeline 

2010 2035 2060 (Ultimate) 

Royston 1570 3060 4550 

Union Bay 1290 2510 3735 

Cumberland 3250 6330 9415 

Total 6110 11,900 17,700 

 
The 2010 populations were estimated from 2006 BC Stats census data (for Royston and Union 

Bay) and from 2010 BC Stats census data (for Cumberland).  The above population growth and 
timeline estimates are based on approximately 25 percent of the CVRD’s population growth (as 
estimated in the CVRD’s Draft Regional Growth Strategy) occurring in the South Region. 

 
Further information on population estimates and projections can be found in Appendix C. 
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2.2 Sewer System Design Flows 

The conceptual scenarios presented in this report are based on the following estimated sewer 
system design flows. 
 

Table 2-2 
Sewer System Design Flows * 

 

 Timeline 

2010 ** 2035 2060 (Ultimate) 

Dry Weather Total (m3/d) 1700 3100 4500 

Wet Weather Total (m3/d) 5350 7900 10,500 

* Flows include Royston, Union Bay and Cumberland. 

** Values for 2010 assume that Royston, Union Bay and Cumberland are already connected to the proposed sewer 

system (they are not; as the sewer system does not exist yet). 

 
Dry weather flows for Royston and Union Bay are based on the population estimates and a per-
capita flow rate of 240 L/capita/d (which was estimated and used in the CVRD’s June 2009 Draft 

Sanitary Sewer Master Plan Update Study).  The wet weather flows for Royston and Union Bay are 
based on the dry weather flows plus a maximum-day value for infiltration and inflow (I&I).  The 
maximum-day I&I value is based on the combined area of the applicable sewer catchments and an 

I&I allowance of 0.06 L/s/ha (which is the minimum recommended value in the City of Courtenay 
and Town of Comox Engineering Design Standard). 
 

For Cumberland, the 2010 dry weather flow has been estimated at 1,000 m3/d (Village of 
Cumberland’s draft Stage 2 Liquid Waste Management Plan), and the 2010 wet weather flow has 
been determined to be 2,500 m3/d (which is based on limiting Cumberland’s flow to 2.5 times their 

current dry weather flow).  These values correspond to approximately 310 L/cap/d for dry weather, 
and 770 L/cap/d for wet weather.  For future Cumberland dry and wet weather flows, we have 
assumed that they will increase as the South Region grows; however, we have assumed that 

Cumberland’s I&I reduction measures over the next 15 years will result in the same unit rates of dry 
weather flow (240 L/capita/d) and wet weather flow (0.06 L/s/ha) as Royston and Union Bay. 
 

Further information on the sewer system study area and conceptual layout can be found in 
Appendix D. 
 
2.3 Anticipated Wastewater Flows 

The conceptual scenarios presented in this report are based on the following estimated wastewater 

flows that will require treatment at the South Region Wastewater Treatment Plant (WWTP). 
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Table 2-3 
Projected Wastewater Flows * 

 

 Timeline 

2010 2035 2060 (Ultimate) 

Sewered Population 6110 11,900 17,700 

Average Dry Weather Flow (m3/d) 1500 2900 4300 

Average Day Flow (m3/d) 1850 3600 5300 

Max. Month Flow (m3/d) 2200 4300 6400 

Max. Day Flow (m3/d) 3000 5500 7700 

Peak Hour Flow (L/s) 50 100 150 

* Sewered populations and flows include Royston, Union Bay and Cumberland. 

 
The average dry weather flows are based on the population estimates and the per-capita flow rate 

of 240 L/capita/d (explained in Section 2.3 above).  The rest of the above estimated flows were 
based on the following factors, which are typical for similarly sized sewage systems: 
 

 Average Day Factor  1.25 
 Maximum Month Factor  1.5 
 Maximum Day Factor (2010) 2.0 

 Maximum Day Factor (2035) 1.9 
 Maximum Day Factor (2060) 1.8 
 Peak Hour Factor  3.0 

 
Since the Maximum Day Flow significantly impacts the sizing of the proposed WWTP, three 
different Maximum Day Factors were used in an attempt to estimate the sewer system’s increasing 

ability to equalize peak flows as it grows in size. 
 
Further information on estimated WWTP flows can be found in Appendix D. 

 
2.4 Wastewater Characteristics 

The conceptual scenarios presented in this report are based on the following estimated wastewater 
characteristics. 
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Table 2-4 
Estimated Wastewater Characteristics 

 

Constituent* Average Day Flow Wet Weather Flow 

BOD5 (mg/L) 335 280 

COD (mg/L) 735 610 

TSS (mg/L) 370 305 

NH3
-N (mg/L) 28 24 

Org.N (mg/L) 20 16 

TKN (mg/L) 48 40 

Org.P (mg/L) 4.5 3.5 

Inorg.P (mg/L) 7.5 6.5 

TP (mg/L) 12 10 

Oil/Grease (mg/L) 115 95 

Temperature (C) 20 12 

* BOD5 = 5-day biochemical oxygen demand; COD = chemical oxygen demand; TSS = total suspended solids; NH3-N = 

ammonia nitrogen; Org.N = organic nitrogen; TKN = total Kjehdahl nitrogen (NH3-N plus Org.N); Org.P = organic 

phosphorus; Inorg.P = inorganic phosphorus; and TP = total phosphorus. 

 

The above wastewater characteristics have been estimated by multiplying the average day flows 
and wet weather (maximum month) flows times typical constituent generation rates (Metcalf & 
Eddy, 2003, Table 3-12, p.182), assuming kitchen waste grinders are used. 

 

3 Regulatory and Environmental Requirements 

3.1 Regulatory Framework 

Background information on the anticipated regulatory framework for a new South Region 
wastewater management system can be found under Section 3 of Discussion Paper 1A-1 (in 

Appendix A).  That section discusses anticipated provincial and federal regulations, as well as 
programs for shellfish protection. 
 

Most of the regulatory framework pertaining to the discharge of treated effluent (the return of water 
to the environment) is based on the BC Municipal Sewage Regulation (MSR), which was created 
under the Environmental Management Act to protect public health and the environment by 

establishing requirements for sewage treatment facilities. 
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3.2 Canadian Environmental Assessment Act 

Under the Canadian Environmental Assessment Act, a new sewer system, WWTP and/or marine 
outfall would be defined as a project and must be assessed via the Environmental Assessment 

Process.  An Environmental Assessment is a planning tool used to identify the potential effects of 
projects on the environment and, as a result, it reduces the potential for expensive corrective 
actions.  The CVRD should begin the Environmental Assessment process before proceeding with 

the preliminary design of the South Region wastewater management system components. 
 

4 Wastewater Management Strategy 

4.1 Effluent Disposal Options 

The CVRD is seeking to implement the key elements of a South Region wastewater management 

system that will address the negative impacts of failing septic tanks on the water quality of Baynes 
Sound, reduce the risk to shellfish resources and commercial and K’omox First Nation shell 
fisheries that are based on the harvesting of shellfish resources, and reduce risks to human health 

and the receiving environment as a whole. 
 
4.1.1 Ground Discharge 

Ground disposal of treated effluent has been studied extensively by the CVRD in recent 
years.  These investigations all concluded that the potential for ground discharge in the 

South Region was limited, based on infiltration capacity, land restrictions, and the risk of 
negative impacts to drinking water sources. 
 

The July 2005 “Royston and Union Bay Project: Feasibility of Soil-Based Treatment of 
Wastewater” report by Payne Engineering Geology looked at the feasibility of ground 
disposal of untreated wastewater for a design population of 3,500 to 7,000.  The study 

evaluated various sites and evaluated areas, topography, geology, and land availability.  
Test pits were dug and analyzed.  The report concluded that ground discharge was …“not 
considered feasible as a solution for the entire service area encompassing Royston and 

Union Bay, with a design population of 3,500 to 7,000”. Several areas were identified as 
having potential feasibility for soil-based treatment of community wastewater having 
populations of 200 to 2,000 people.  It should be noted that these conclusions were for 

ground treatment of wastewater; capacity for treated effluent could be greater.   
 

The September 2005 “Royston/Union Bay Sewage Collection, Treatment & Discharge 

Study” by Koers & Associates (with sub consultants: Anderson Civil, Komex and Payne 
Engineering Geology) concluded that “discharge to ground for soil-based treatment is not 
considered feasible due to poor soil conditions, and a lack of readily available, large 

parcels of land.”  This was based on an initial population of 3,200, which would grow to 
8,700 and having dry weather flows of approximately 975 to 2,700 m3/d, respectively.   
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Disadvantages to ground treatment included the following: high cost (compared to ocean 
discharge), large land requirements, need for extensive site investigations, risk of polluting 

ground or surface water, and large but finite capacity for phosphorus treatment. 
 

Finally, the June 2009 “Comox Valley Sewer System Master Plan Update Study Draft Final 

Report” by McElhanney Consulting (with sub consultants Dayton & Knight and EBA 
Engineering) carried out an assessment of the ground disposal potential for treated 
sewage.  Potential ground disposal areas were found to have “…poor to very poor ground 

disposal potential, and existing septic system failures and the number of new proposed 
developments in these areas also work against ground disposal”. 
 

Elsewhere in BC, full-scale implementation of disposal to ground has had limited success.   
Considering this and the previous work, ground discharge was not considered a viable 
alternative for disposal of treated effluent from the South Region communities, and was 

therefore not included in this study. 
 

4.1.2 River/Stream Discharge 

The MSR has two provisions for the disposal of treated wastewater into a stream or river 
that are relevant for the South Region of the CVRD: 

 

 Discharge of “high quality secondary” effluent, which requires a minimum 10:1 
dilution ratio. 

 Discharge of reclaimed water meeting “unrestricted public access” requirements for 
stream flow augmentation.  This provision also requires an “alternate” (traditional) 
method of disposal.  MOE has clarified that, in the case of the South Region where 

there are no practical ground disposal alternatives, this would mean a direct ocean 
discharge. 
 

For streams within the study area, it has been determined that flows are not adequate to 
meet the minimum 10:1 dilution ratio required for “high quality secondary” effluent.  The 
Trent River is the largest of the streams in the South Region.  Flow measurement records 

are limited, but summer flows are known to be very low, and we believe they could be as 
low as 0.5 m3/s in years of low rainfall.  This finding rules out the discharge of “high quality 
secondary” effluent into any of the local streams. 

 
Discharge of reclaimed water meeting “unrestricted public access” requirements appears to 
be a viable alternative.  Hart/Washer Creek in Union Bay apparently runs dry almost every 

summer and would appear to be a candidate for stream flow augmentation.  Key elements 
of the infrastructure required to implement reuse of reclaimed water for augmentation of 
Hart/Washer Creek would also enable irrigation of a golf course planned for this same 

area. 
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Photo 4-1 
Mouth of Trent River with Comox in Background 

 
However, MOE is presently working to establish a new “target” of 0.005 mg/L total 
phosphorus in Vancouver Island streams (May through September), “…to protect aquatic 

life and all users of the resource” (MOE, 2011).  For the Trent River downstream of Maple 
Lake Creek, this objective represents a greater than tenfold reduction from present total 
phosphorus levels during the summer months. 

 
Conventional phosphorus removal processes (i.e., enhanced biological phosphorus 
removal, chemical phosphorus removal) can reliably reduce effluent phosphorus down to 

0.5 to 1.0 mg/L, and tertiary (advanced) treatment processes (in addition to chemical 
addition) have been able to achieve 0.07 to 0.3 mg/L (WERF, 2008).  Nevertheless, the 
limit of technology (LOT) for total phosphorus has been typically defined as 0.1 mg/L 

(WERF, 2006), meaning that an effluent limit at or below 0.01 mg/L for total phosphorus 
would be “difficult, if not impractical, for some publicly owned treatment works to achieve or 
sustain on a reliable, cost-effective basis.” (WERF, 2006).  Even if a phosphorus limit of 

0.05 mg/L was consistently achievable, it is an order of magnitude higher than the MOE’s 
anticipated objective of 0.005 mg/L.  Furthermore, there would be significant additional 
amounts of energy and chemicals required to reach these LOT levels, not to mention the 

significant additional amounts of chemical residuals/solids that would be produced and 
need to be managed (WEF, 2011). 
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The above effectively rules out stream flow augmentation under the provisions of the MSR.  

Nevertheless, the CVRD remains interested in the potential of a dual-purpose conveyance 
system that would supply reclaimed water for augmentation of Hart/Washer Creek and for 
irrigation of the golf course.   

 

Photo 4-2 
Hart/Washer Creek Downstream of Highway 3A Bridge 

 

 
Due to the aforementioned, efforts to develop stream flow augmentation as a preferred 

strategy for management of reclaimed water from the South Region WWTP have been 
suspended for the time being. 

 
4.1.3 Marine Discharge 

The Baynes Sound area is one of the most productive ecosystems on the east Coast of 

Vancouver Island, particularly for shellfish production.  Water quality is of key importance to 
the marine life and activities that occur in this area and is currently an issue that affects 
shellfish harvesting and food safety.  Protection of shellfish harvesting in and around 
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Baynes Sound is one of the prime considerations in the evaluation of potential points of 
discharge for returning treated wastewater to the environment.   

 
Notwithstanding this reality, direct marine disposal of treated effluent has emerged as the 
only viable option available to the South Region at this time.  

 
This study identified three potential marine points of discharge, as described in Table 4-1, 
and as illustrated in Figures 4-1, 4-2, and 4-3. 

 

Table 4-1 
Three Potential Marine Points-of-Discharge for the South Region 
 

Baynes Sound * Comox Bar * Cape Lazo * 

Point-of-Discharge #2:   
Baynes Sound (half way 

between Argyle Road and 

Sandy Island) 

Point-of-Discharge #3:   
Georgia Strait east of Comox Bar 

Point-of-Discharge #4:   
Cape Lazo (adjacent to and 

alongside the existing CVPCC 

outfall) 

Diffuser at depth of 33 m Diffuser at depth of 70 m Diffuser at depth of 60 m 

Approximately 1200 m from the 
nearest known shell fish 

harvesting operations 

Approximately 1300 m from the 
nearest known shell fish 

harvesting operations 

Believed to be at least 1000 m 
from the nearest shell fish 

harvesting operations 

* Refer to Figures 4-1, 4-2, and 4-3. 

 

The suitability of each point of discharge was evaluated using the U.S. Environmental 
Protection Agency’s computer modelling package, Visual Plumes.  The Visual Plumes 
model predicts the dilution of a treated effluent plume during the initial dilution and 

subsequent dispersion.  The treated effluent discharge was modeled to estimate the 
minimum dilution and the shallowest trapping depth, which are considered to be the two 
“worst-case scenarios” for marine discharges. 

 
Dilution modeling of the treated effluent discharge was carried out using factors known to 
be conservative with respect to anticipated oceanographic conditions in the marine 

environment and the discharge flow itself. 
 
Two different discharge conditions were modelled as follows: 

 

 Winter Conditions, consisting of the following: 
 

 2035 wet weather maximum day flow = 64 L/s (5500 m3/d ); 

 2060 wet weather maximum day flow = 90 L/s (7750 m3/d ); and 
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 Effluent discharge temperature = 7 C (based on winter wastewater 
temperature of 12 C, but with 5 C heat recovery from treated effluent for 

beneficial reuse). 
 

 Summer Conditions, consisting of the following: 

 

 2035 dry weather average day flow = 34 L/s (2900 m3/d ); 

 2060 dry weather average day flow = 50 L/s (4300 m3/d ); and 

 Effluent discharge temperature = 20C. 
 
Dilution modeling considered both summer and winter water column profiles (i.e., 

temperature and salinity) measured in the vicinity of Baynes Sound and Cape Lazo.  Low 
and high current conditions were also modeled, with low current conditions based on 
0.05 m/s through the entire water column and high current conditions based on 0.75 m/s on 

the surface, reduced to 0.5 m/s below a depth of 10 m. 
 
Table 4-2 provides a summary of the preliminary dilution modelling results.  Further details 

on dilution modeling can be found in Appendix E.  Note that dilution modelling was based 
on conceptual outfall design and assumed ambient oceanographic conditions.  Site-specific 
oceanographic data will be required for more detailed dilution modelling as part of a 

Stage 2 Environmental Impact Study, which will be required as the project moves forward. 
 

Table 4-2 
Summary of Dilution Modelling Results * 

 

  

Baynes Sound Comox Bar Cape Lazo 

Minimum Dilution at 100 m ** 230 : 1 423 : 1 174 : 1 

Minimum Dilution at 400 m 947 : 1 1,639 : 1 305 : 1 

Minimum Dilution at 1,000 m 1,789 : 1 5,319 : 1 671 : 1 

Minimum Plume Trapping Depth below 
Surface (m) 

12 17 31 

*   Refer to Discussion Papers 1A-1 through 1A-3 (in Appendix A) for a description of the proposed marine discharge 

locations, the implications related to shellfish resources and area classifications, the regulatory framework and 

anticipated effluent discharge requirements, and the dilution modeling results. 

** 100 m is defined as the Initial Dilution Zone in the MSR. 
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4.2 Wastewater Treatment Requirements and Technologies 

Preliminary dilution results were evaluated alongside our understanding of the MSR and the new 
federal Wastewater Systems Effluent Regulations, expected to come into effect in mid-2011. 
 

The discharge quality required at each point of discharge, combined with suitable treatment 
technologies was used to inform a Triple Bottom Line (TBL) analysis of short-listed scenarios for 
the collection, treatment, and discharge of wastewater from the CVRD’s South Region including the 

communities of Royston and Union Bay, and the Village of Cumberland. 
 
Our approach in selecting suitable treatment technologies considered the discharge quality 

required to reliably meet the regulations, as well as the importance of protecting shellfish resources, 
public health, and the receiving environment as a whole.  A summary of representative treatment 
technologies selected for this study is presented in Table 4-3.  The treatment technologies 

identified are not the only treatment schemes that could achieve the treatment requirements; they 
are representative technologies that meet the objectives of this study and provide a basis for the 
TBL analysis.  A final treatment technology evaluation will be undertaken at the preliminary design 

stage, and it may be based on the results of detailed and site-specific oceanographic dilution 
modelling. 
 

Table 4-3 
Summary of Representative Treatment Technologies Selected 

 

Baynes Sound Comox Bar Cape Lazo 

Membrane Bioreactor plus 

Ultraviolet Disinfection 

High-Rate Activated Sludge plus 

Ultraviolet Disinfection is suitable 
for the higher dilutions predicted 

at this point of discharge 

High-Rate Activated Sludge plus 

Ultraviolet Disinfection is suitable 
within the context of the existing 

Cape Lazo outfall 

Very high-quality effluent meeting 
the Reclaimed Water 

requirements for “unrestricted 

public access”; may require 
chlorination for some reuse 

applications 

Similar treatment process as 
CVPCC but including disinfection 

of final effluent to reduce the 

levels of pathogens assumed to 
be present 

Similar treatment process as 
CVPCC but including 

disinfection of final effluent to 

reduce the levels of pathogens 
assumed to be present 

Reclaimed water would be 
suitable for the full range of 

resource recovery opportunities 

that the CVRD may wish to 
pursue for the South Region 

 

Effluent would require tertiary 
filtration and chlorination to be 

suitable for the full range of 

resource recovery opportunities 
that the CVRD may wish to 
pursue for the South Region 

Effluent would require tertiary 
filtration and chlorination to be 

suitable for the full range of 

resource recovery opportunities 
that the CVRD may wish to 
pursue for the South Region 
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Discussion Papers 1A-1 through 1A-3 (in Appendix A) discuss the wastewater treatment 

requirements that apply for each of the three points-of-discharge.  These discussion papers also 
provide additional information regarding the selection of representative treatment technologies that 
would be expected to provide the required effluent quality and the CVRD’s resource recovery 

opportunities for the respective points of discharge. 
 
4.3 Wastewater Treatment Plant Location 

A number of potential locations for the South Region WWTP were identified and investigated.  Their 
general locations are indicated on Figure 4-4.  More information on the potential sites was 

generated as part of this study; however, it has not been provided in this report as the CVRD 
considers the information to be confidential. 
 
4.4 Integrated Resource Recovery Opportunities 

Opportunities for integrated resource recovery were an important focus of this South Region 

wastewater management study.  The results of this effort are presented in Discussion Papers 1B-1 
through 1B-5, which are included in Appendix B.  These discussion papers elaborate on the 
following subjects: 

 
 Energy from Residuals; 
 Nutrient Recovery from Wastewater and Residuals; 

 Direct Heat Recovery from Wastewater; 
 Water Reclamation and Re-use; and 
 Electrical Power Generation. 

 
Many resource recovery opportunities are viable from the outset of the project, such as nutrient 
recovery, direct heat recovery, water reclamation and reuse, and electrical power generation.  The 

CVRD intends to proceed with the implementation of these resource recovery opportunities.  
Section 5 presents detailed descriptions of the three wastewater management scenarios that were 
developed and evaluated as part of this study, and inclusion of resource recovery was integral to 

the development of each of these scenarios. 
 
Energy recovery from residuals was not found to be viable at this time, but could be revisited in the 

future as the South Region population grows and as technologies develop.  For example, energy 
recovery from biosolids may be a viable option in the medium to long term, should the CVRD 
implement an organic waste collection program that could supplement the biosolids being 

generated from wastewater treatment. 
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5 Wastewater Management Scenarios 

5.1 Scenario Descriptions 

Three wastewater management scenarios were developed for this study.  Each scenario includes 
the wastewater collection and conveyance system, the WWTP itself (based on the representative 

treatment technology that was selected), the preferred resource recovery opportunities, and one of 
the three points of discharge.  Tables 5-1 through 5-3 provide a description of Scenarios 1 through 
3.   

 
The scenarios were developed in order to address the negative impacts of failing septic tanks on 
the water quality of Baynes Sound, reduce the risk to shellfish resources and the local economy 

derived from harvesting of shellfish resources, reduce risks to human health and the receiving 
environment as a whole, and harness the resource recovery potential of wastewater generated in 
the South Region.  These are not necessarily the only wastewater management scenarios that 

could achieve these objectives, but we believe that the optimal scenario for wastewater 
management in the South Region would likely be based on a configuration of the elements that 
were developed as part of this study. 

 
5.2 Scenario Costs 

Capital costs and life cycle costs were developed for each scenario.  The following sections outline 
these costs for each scenario. 
 

5.2.1 Capital Costs 

The capital costs that were developed for each scenario are Class D estimates in 2011 

dollars.  The capital costs include costs associated with the collection system, treatment 
facility, outfall system, biosolids management, and resource recovery opportunities.  In 
addition, land purchase costs for the WWTPs are also included in the cost estimates. 

 
The costs do not include off-site infrastructure costs associated with water reuse and its 
distribution; however, the cost for on-site water reuse (i.e., irrigation, plant washdown 

activities) has been included.  Similarly, the costs for recoverable heat, except for on-site 
heat recovery, do not include pumping and pipeline systems to supply effluent to third party 
users. 

 
Other direct costs that were included were design (10%) and construction (15%) 
contingency allowances.  Indirect cost allowances include engineering (15%), 

administration (3%), environmental impact studies and permitting (lump sums), and other 
miscellaneous costs (2%). 
 

Appendix F contains a detailed capital cost summary for capital costs incurred through to 
Year 2060, along with summaries for Stage 1 (i.e., elements constructed by Year 2015), 
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SCENARIO 1 

High Quality MBR-UV Treatment, Resource Recovery, Baynes Sound Discharge 

1.0 OVERVIEW 

 
Scenario 1 would provide wastewater management and resource recovery for the South Region of the 

Comox Valley Regional District (CVRD) by implementation of the following components: 
 
 A new wastewater collection and conveyance system serving Royston, Union Bay and Cumberland; 

 Generation of hydroelectric energy from the available hydrostatic head in the Cumberland wastewater 
flow; 

 A new Wastewater Treatment Plant (WWTP) located in the northern area of Union Bay, utilizing 

Membrane Bioreactor technology and Ultraviolet disinfection to produce reclaimed water meeting the 
requirements for “unrestricted public access” ; 

 Recovery of heat from effluent and use of reclaimed water for operations at the WWTP; 

 Opportunities for off-site reuse of heat and reclaimed water by third-party(s);  
 An ocean outfall for safely returning water into Baynes Sound in a manner that protects shellfish 

resources and the local economy derived from shellfish harvesting by the K’omox First Nation and 

other commercial operations; and 
 Recovery and local, beneficial reuse of nutrients from biosolids produced through the production of a 

Class A compost soil amendment at the Comox Valley Biosolids Composting Facility. 

 
These components are further described in the following sections.  Resource recovery opportunities are 
discussed in Discussion Papers 1B-1 through 1B-5, which are included in Appendix B.  A summary is 

provided below. 

 

2.0 WASTEWATER COLLECTION AND CONVEYANCE 

 

A new sewerage system will be constructed for the South Region, which will collect and transport 
wastewater to the new South Region WWTP.  The system will ultimately be comprised of eight pump 
stations that will collect wastewater by gravity from their respective service areas.  The eight pump 

stations will be located along the foreshore, stretching from Royston (at the edge of the Electoral Area A 
boundary with the City of Courtenay) southeast through Union Bay.  See Figure 5-1 for the proposed 
wastewater collection system layout.   

 
In addition to the Royston and Union Bay service areas, the new sewerage system will deliver 
wastewater from Cumberland to the new WWTP.  During dry weather periods, all of Cumberland’s 

wastewater flow will be conveyed to the new WWTP; however, Cumberland will manage flows exceeding 
2.5 times their average dry weather flow (ADWF), which occur during wet weather. 
 

Pump stations will be designed to meet a high standard of performance and reliability.  Spare pumps will 
be automatically brought into service in the event of an unexpected equipment failure.  Diesel-powered 
backup gensets at each of the pump stations will maintain the pump station in operation and prevent 

uncontrolled wastewater overflows in the event of a power failure in the grid.  Odour control measures 
would be provided at each of these pump stations, if required.  
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SCENARIO 1 

High Quality MBR-UV Treatment, Resource Recovery, Baynes Sound Discharge 

 
The pump stations and their respective service areas will be constructed and brought on line in 3 stages.  
Stage 1 will consist of service areas #2, #7, and #9 and will be implemented in 2015.  Stage 1 will 

address the high-priority and most serious wastewater impacts in the region: specifically Cumberland and 
Union Bay.  Stage 2 will bring service areas #1, #3, and #4 onto the system in 2020, and Stage 3 will 
bring service areas #5, #6, and #8 on line in 2035.   

 

2.1 Direct Energy Recovery of Cumberland Wastewater Flows 

 
Hydrostatic energy in wastewater flows from the Village of Cumberland will be harnessed to generate 

electricity.  Wet weather flows from the Village of Cumberland are anticipated to be relatively constant at 
approximately 29 L/s (the flows will be lower and more variable during dry weather) in Stage 1.  These 
flows will be conveyed in a pressure sewer from Cumberland to Pump Station #2 in the community of 

Royston.  Approximately 125 m of hydrostatic head available in the flow will be used for micro-
hydropower generation of electricity, or will be direct-coupled to the main pump in Pump Station #2.  This 
will recover 25 kW of electricity, with a commensurate greenhouse gas reduction of 16.5 tonnes of CO2 

equivalent annually.   
 

3.0 WASTEWATER TREATMENT PLANT 

Scenario 1 was developed on the basis of Membrane Bioreactor (MBR) treatment combined with 
Ultraviolet (UV) Disinfection.  MBR treatment combines biological treatment (conversion of organic matter 
and nutrients to biomass) with membrane filtration (removal of solids/biomass and partial removal of 
pathogens).  UV disinfection will achieve substantial pathogen inactivation without the introduction or 
generation of toxic chemicals and compounds.  The treatment system may also include a chemical 
addition system for supplemental reduction of phosphorus, if required.   
 
These combined treatment technologies would be expected to reliably meet the effluent quality 
requirements of the Municipal Sewage Regulation (MSR), as well as any new requirements from 
anticipated revisions to provincial and/or federal regulations.  In addition, the effluent would be expected 
to meet the requirements for Reclaimed Water for “unrestricted public access”. 
 
The following summarizes the effluent discharge requirements for Scenario 1 based on the MSR 
(Reclaim water for “Unrestricted Public Access”) and new federal Wastewater Systems Effluent 
Regulation:   
 
 BOD  < 10 mg/L 
 TSS  < 10 mg/L 
 pH   6.0 – 9.0 
 Ammonia  < 1.25 mg/L * 
 TP   < 1 mg/L 
 Orthophosphate < 0.5 mg/L 
 Turbidity  < 2 Nephelometric Turbidity Units (NTU) ** 
 Fecal Coliforms < 14/100 mL *, < 2.2/100 mL ** 
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SCENARIO 1 

High Quality MBR-UV Treatment, Resource Recovery, Baynes Sound Discharge 

 
* At edge of Initial Dilution Zone. 
** For “unrestricted public access” of Reclaimed Water. 
 
The proposed major processes and operations for the Scenario 1 WWTP include the following: 
 
 Flow Equalization; 
 Fine Screening; 
 MBR System (biological treatment and physical separation); 
 UV Disinfection (pathogen reduction);  
 Biosolids thickening and dewatering; and 
 Odour Control system 

 Backup power 
 
The WWTP will be designed to meet a high standard of performance and reliability.  Excess capacity and 

backup systems will be provided for all important treatment processes and equipment, and these will be 
automatically brought into service when needed.  The redundancy requirements in the MSR will provide a 
basis for design, and additional redundancy would be provided for the MBR process equipment, if 

needed.  In the event of unexpected power or equipment failure, backup systems and equipment will 
automatically start to maintain all essential WWTP processes in operation.  A diesel-powered backup 
genset will provide emergency power in the event of a power failure in the grid.   

 
Construction of the new WWTP will be staged: three MBR process trains will be provided for Stage 1, and 
an additional MBR train (for a total of four) will be provided in Stage 3 (2035).  See Figure 5-2 for the 

proposed WWTP layout. 
 

3.1 WWTP Facility Buildings 

A new building will house treatment processes and equipment, including the screening equipment, the 

membrane tanks, the chemical addition systems, pumps and blowers, ancillary equipment, thickening 
and dewatering equipment (see Section 5.0 below for more details), an electrical room, an office, a 
laboratory, and storage space.  The CVRD will strive to attain LEED® Silver Rating for their facility 

buildings by integrating solar energy recovery measures in the WWTP facility design. 
 

3.2 Heat Recovery and Reuse – at the WWTP and Off-Site 

Heat will be recovered from the treated effluent at the WWTP and reused to heat WWTP facility buildings, 

including process areas requiring high rates of ventilation.  Excess heat will be available for off-site users, 
and the CVRD will pursue opportunities to partner with third-party(s) for off-site heat reuse of the 
remaining heat.  Our estimates indicate that sufficient heat could be recovered to heat the new South 

Region WWTP with enough left over to heat over 15 homes by 2035 and over 40 homes by 2060.   
Greenhouse operations are of particular interest given the rural nature of the South Region.  We have 
assumed that the costs associated with this system will be covered by the end user.  Discussion Paper 

1B-3 (Appendix B) provides additional information. 
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SCENARIO 1 

High Quality MBR-UV Treatment, Resource Recovery, Baynes Sound Discharge 

3.3 Reuse of Reclaimed Water– at the WWTP and Off-Site 

Drinking water resources in the South Region of the CVRD are limited, and existing water supplies are 

nearing capacity.  The South Region WWTP is an important opportunity for the CVRD to implement the 
reuse of reclaimed water to offset the use of potable water. (WWTP design flows of 240 L/cap/day further 
support the integration of the CVRD's water efficiency goals into the project.)  

 
Reclaimed water at the WWTP is expected to meet the requirements for “unrestricted public access” and 
therefore will be reused at the WWTP for process, washdown, purple pipe, and irrigation of landscaping.   

(Sodium hypochlorite may be required to provide a chlorine residual prior to distribution to prevent the re-
growth of pathogens during distribution.)  A truck filling station will be provided to encourage the use of 
reclaimed water for non-potable uses, such as street cleaning, dust suppression, community landscaping 

and fire protection.     
 
The CVRD will pursue opportunities to partner with third-party(s) for larger-scale, off-site reuse of 
reclaimed water in support of its drinking water conservation strategy, including golf course irrigation and 
purple pipe system in the Union Bay area.  At this time, we have assumed that the cost of off-site 
infrastructure for reuse of reclaimed water would be borne by the end user.  Discussion Paper 1B-4 
(Appendix B) provides additional information. 

 
Reuse of reclaimed water for augmentation of Hart/Washer Creek is of interest, but cannot be pursued 

within the context of the MOE’s target objective of 0.005 mg/L total phosphorus in Vancouver Island 
streams from May through September.  This target objective is beyond the practical limitations of 
phosphorus removal technologies at this time.   

 

4.0 RETURN OF WATER TO THE ENVIRONMENT 

Maximizing the reuse of reclaimed water in the South Region provides a substantial benefit, but the South 
Region WWTP unavoidably also requires an alternate (i.e. traditional marine) discharge system.  The 

high level of treatment proposed by MBR-UV treatment, together with backup systems for treatment 
processes and equipment, addresses the importance of safeguarding the shellfish resources, public 
health, and the Baynes Sound receiving environment as a whole.   

  
The location of the proposed Point-of-Discharge is as shown in Figures 4-1, 4-2 and 4-3.  Based on the 
available information, it is approximately 1,200 m from the nearest known shellfish-harvesting operations, 

including commercial operations and those of the K’omox First Nation.  The seabed at this location is 
approximately 33 m below hydrographic datum.  The marine outfall would be a high-density polyethylene 
(HDPE) pipe, weighted to the bottom with concrete collars, and terminating in a diffuser system.  

Figure 4-4 illustrates the proposed alignment for the Baynes Sound outfall pipeline.   
 
Cumberland’s wet weather flows in excess of 2.5 times ADWF will be managed separately, by 

Cumberland.  It is anticipated that Cumberland will be permitted to return treated effluent to Maple Lake 
Creek during wet weather periods (October through April) on an interim basis (Maple Lake Creek is a 
tributary of the Trent River, which discharges into Baynes Sound) while Cumberland undertakes an 

extensive 15-year program for separating and upgrading of their wastewater collection system. 



Table 5-1 
Scenario 1 Description 

 

Page 5 of 5 
P:\20102734\00_RegSewageSysStudy\Engineering\03.00_Conceptual_Feasibility_Design\Rpt_0411\tbl_5-1_scen1_sum_20110426_tr.doc 

SCENARIO 1 

High Quality MBR-UV Treatment, Resource Recovery, Baynes Sound Discharge 

 

5.0 RECOVERY OF NUTRIENTS 

Recovery of wastewater nutrients will be undertaken by incorporating the biosolids produced at the South 
Region WWTP into the CVRD’s highly successful SkyRocket Facility.  This facility is currently producing a 
high-nitrogen soil amendment that meets the MOE’s Class A regulatory requirements for pathogens, 
nutrient value, moisture, pH and metals.  Approximately 30% of the total incoming phosphorus at the 
CVWPCC is captured and recovered in the compost product, which is approximately 7% phosphorus on 
a dry-weight basis.  The final product is ideal for use in large-scale landscaping and planting projects, 
residential landscaping, orchards, flower gardens and lawns.  Discussion Paper 1B-2 (in Appendix B) 
provides additional information. 

 
Biosolids produced at the South Region WWTP will be thickened and dewatered prior to transport to the 
Composting Facility.  Mechanical thickening would be provided by rotary drum thickeners (representative 

technology).  Dewatering would be provided by two centrifuges (one duty, one back-up).  The centrifuges 
would dewater the thickened sludge to approximately 25% solids.   

 

5.1 Reclaiming Heat from the SkyRocket Facility 

CVRD recognizes the need to expand the SkyRocket Facility in the near future and has plans to do so.  
Presently, excess heat produced in the composting process at the SkyRocket Facility is wasted.  The 
CVRD would like to explore opportunities to capture and reuse this heat energy in the future.  

Greenhouse operations may be particularly well suited to take advantage of this potential reuse 
opportunity.    
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SCENARIO 2 

High-Rate Activated Sludge Treatment, Resource Recovery, Comox Bar Discharge 

1.0 OVERVIEW 

 
Scenario 2 would provide wastewater management and resource recovery for the South Region of the 
Comox Valley Regional District (CVRD) by implementation of the following components: 
 
 A new wastewater collection and conveyance system serving Royston, Union Bay and Cumberland; 
 Generation of hydroelectric energy from the available hydrostatic head in the Cumberland wastewater 

flow; 
 A new Wastewater Treatment Plant (WWTP) located in the south Royston area, utilizing High-Rate 

Activated Sludge Treatment and Ultraviolet disinfection to produce reclaimed water meeting the 
requirements for “restricted public access” ; 

 Recovery of heat from effluent and use of reclaimed water for operations at the WWTP; 
 Opportunities for off-site reuse of heat and  “unrestricted public access” reclaimed water by third-

party(s);  
 An ocean outfall for safely returning water into George Strait East of Comox Bar in a manner that 

protects shellfish resources and the local economy derived from shellfish harvesting by the K’omox 
First Nation and other commercial operations; and 

 Recovery and local, beneficial reuse of nutrients from biosolids produced through the production of a 
Class A compost soil amendment at the Comox Valley Biosolids Composting Facility. 

 
These components are further described in the following sections.  Resource recovery opportunities are 
discussed in Discussion Papers 1B-1 through 1B-5, which are included in Appendix B.  A summary is 
provided below. 
 

2.0 WASTEWATER COLLECTION AND CONVEYANCE 

 
A new sewerage system will be constructed for the South Region, which will collect and transport 
wastewater to the new South Region WWTP.  The system will ultimately be comprised of eight pump 
stations that will collect wastewater by gravity from their respective service areas.  The eight pump 
stations will be located along the foreshore, stretching from Royston (at the edge of the Electoral Area A 
boundary with the City of Courtenay) southeast through Union Bay.  See Figure 5-1 for the proposed 
wastewater collection system layout.   
 
In addition to the Royston and Union Bay service areas, the new sewerage system will deliver 
wastewater from Cumberland to the new WWTP.  During dry weather periods, all of Cumberland’s 
wastewater flow will be conveyed to the new WWTP; however, Cumberland will manage flows exceeding 
2.5 times their average dry weather flow (ADWF), which occur during wet weather. 
 
Pump stations will be designed to meet a high standard of performance and reliability.  Spare pumps will 
be automatically brought into service in the event of an unexpected equipment failure.  Diesel-powered 
backup gensets at each of the pump stations will maintain the pump station in operation and prevent 
uncontrolled wastewater overflows in the event of a power failure in the grid.  Odour control measures 
would be provided at each of these pump stations, if required.  
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SCENARIO 2 

High-Rate Activated Sludge Treatment, Resource Recovery, Comox Bar Discharge 

 
The pump stations and their respective service areas will be constructed and brought on line in 3 stages.  
Stage 1 will consist of service areas #2, #7, and #9 and will be implemented in 2015.  Stage 1 will 
address the high-priority and most serious wastewater impacts in the region:  specifically Cumberland 
and Union Bay.  Stage 2 will bring service areas #1, #3, and #4 onto the system in 2020, and Stage 3 will 
bring service areas #5, #6, and #8 on line in 2035.   
 

2.1 Direct Energy Recovery of Cumberland Wastewater Flows 

 

Hydrostatic energy in wastewater flows from the Village of Cumberland will be harnessed to generate 
electricity.  Wet weather flows from the Village of Cumberland are anticipated to be relatively constant at 
approximately 29 L/s (the flows will be lower and more variable during dry weather) in Stage 1.  These 

flows will be conveyed in a pressure sewer from Cumberland to Pump Station #2 in the community of 
Royston.  Approximately 125 m of hydrostatic head available in the flow will be used for micro-
hydropower generation of electricity, or will be direct-coupled to the main pump in Pump Station #2.  This 

will recover 25 kW of electricity, with a commensurate greenhouse gas reduction of 16.5 tonnes of CO2 
equivalent annually.   
 

3.0 WASTEWATER TREATMENT PLANT 

Scenario 2 was developed on the basis of High–Rate Activated Sludge (HRAS) treatment combined with 
Ultraviolet (UV) Disinfection.  HRAS treatment is a well-established and proven approach for providing 
biological treatment (conversion of organic matter and nutrients to biomass) with secondary clarification 
(removal of solids/biomass and partial removal of pathogens).  UV disinfection will achieve substantial 
pathogen inactivation without the introduction or generation of toxic chemicals and compounds.  The 
treatment system may also include a chemical addition system for supplemental reduction of phosphorus, 
if required.   
 
These combined treatment technologies would be expected to reliably meet the effluent quality 
requirements of the Municipal Sewage Regulation (MSR), as well as any new requirements from 
anticipated revisions to provincial and/or federal regulations.  In addition, the effluent would be expected 
to meet the requirements for Reclaimed Water for “restricted public access”. 
 
The following summarizes the effluent discharge requirements for Scenario 2 based on the MSR 
(Secondary Treatment for Open Marine Waters) and new federal Wastewater Systems Effluent 
Regulation:   
 
 BOD  < 25 mg/L 

 TSS  < 25 mg/L 
 pH   6.0 – 9.0 
 Ammonia  < 1.25 mg/L * 

 Fecal Coliforms < 14/100 mL * 
 
* At edge of Initial Dilution Zone. 
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SCENARIO 2 

High-Rate Activated Sludge Treatment, Resource Recovery, Comox Bar Discharge 

 
The proposed major processes and operations for the Scenario 2 WWTP include the following: 
 
 Fine Screening 
 High-Rate Activated Sludge System (aerated bioreactor treatment and secondary clarifiers); 

 UV Disinfection (pathogen reduction);  

 Biosolids thickening and dewatering; and 
 Odour Control system 
 Backup power 

 
The WWTP will be designed to meet a high standard of performance and reliability.  Excess capacity and 
backup systems will be provided for all important treatment processes and equipment, and these will be 

automatically brought into service when needed.  The redundancy requirements in the MSR will provide a 
basis for design, and additional redundancy would be provided, where needed.  In the event of 
unexpected power or equipment failure, backup systems and equipment will automatically start to 

maintain all essential WWTP processes in operation.  A diesel-powered backup genset will provide 
emergency power in the event of a power failure in the grid.   
 
Construction of the new WWTP will be staged: three biological treatment system trains will be provided 
for Stage 1, and an additional biological treatment system train (for a total of four) will be provided for 
Stage 3 (2035).  

 

3.1 WWTP Facility Buildings 

A new building will house treatment processes and equipment, including the screening equipment, the 
chemical addition systems, pumps and blowers, ancillary equipment, thickening and dewatering 

equipment (see Section 5.0 below for more details), an electrical room, an office, a laboratory, and 
storage space.  The CVRD will strive to attain LEED® Silver Rating for their facility buildings by 
integrating solar energy recovery measures in the WWTP facility design. 

 

3.2 Heat Recovery and Reuse – at the WWTP and Off-Site 

Heat will be recovered from the treated effluent at the WWTP and reused to heat WWTP facility buildings, 
including process areas requiring high rates of ventilation.  Excess heat will be available for off-site users, 

and the CVRD will pursue opportunities to partner with third-party(s) for off-site heat reuse of the 
remaining heat.  Our estimates indicate that sufficient heat could be recovered to heat the new South 
Region WWTP with enough left over to heat over 15 homes by 2035 and over 40 homes by 2060.   

Greenhouse operations are of particular interest given the rural nature of the South Region.  We have 
assumed that the costs associated with this system will be covered by the end user.  Discussion Paper 
1B-3 (Appendix B) provides additional information. 

 

3.3 Reuse of Reclaimed Water– at the WWTP and Off-Site 

Drinking water resources in the South Region of the CVRD are limited, and existing water supplies are 
nearing capacity.  The South Region WWTP is an important opportunity for the CVRD to implement the 
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SCENARIO 2 

High-Rate Activated Sludge Treatment, Resource Recovery, Comox Bar Discharge 

reuse of reclaimed water to offset the use of potable water. (WWTP design flows of 240 L/cap/day further 
support the integration of the CVRD's water efficiency goals into the project.)  
 

Reclaimed water meeting the requirements for “restricted public access” is suitable for agricultural 
irrigation (some restrictions apply).  To upgrade the reclaimed water to meet the requirements for 
“unrestricted public access” filtration and chlorination would be required.  To meet the process, 

washdown, purple pipe, and landscape irrigation needs of the WWTP itself, a small filtration and 
chlorination system would be implemented.  A truck filling station will be provided to encourage the use of 
reclaimed water for non-potable uses, such as street cleaning, dust suppression, community landscaping 

and fire protection.     
 
In order for the CVRD to pursue opportunities to partner with third-party(s) for larger-scale, off-site reuse 
of reclaimed water, filtration and chlorination would be required to meet the requirements for “unrestricted 
public access”.  This would be the case for golf course irrigation and a purple pipe system in the Union 
Bay area.  At this time, we have assumed that the cost of on-site filtration and chlorination, and off-site 
infrastructure for reuse of reclaimed water would be borne by the end user.  Discussion Paper 1B-4 
(Appendix B) provides additional information. 

 

Reuse of reclaimed water for augmentation of Hart/Washer Creek is of interest, but cannot be pursued 
within the context of the MOE’s target objective of 0.005 mg/L total phosphorus in Vancouver Island 
streams from May through September.  This target objective is beyond the practical limitations of 

phosphorus removal technologies at this time.   
 

4.0 RETURN OF WATER TO THE ENVIRONMENT 

Maximizing the reuse of reclaimed water in the South Region provides a substantial benefit, but the South 

Region WWTP unavoidably also requires an alternate (i.e. traditional marine) discharge system.   
  
The location of the proposed Point-of-Discharge is as shown in Figures 4-1, 4-2 and 4-3.  Based on the 

available information, it is approximately 1,300 m from the nearest known shellfish-harvesting operations, 
including commercial operations and those of the K’omox First Nation.  The seabed at this location is 
approximately 70 m below hydrographic datum.  The marine outfall would be a high-density polyethylene 

(HDPE) pipe, weighted to the bottom with concrete collars, and terminating in a diffuser system.   
 
The outfall alignment would present some engineering and construction challenges, owing to the 

bathymetry along the alignment. After descending to crossing Baynes Sound, the outfall pipeline would 
rise to cross Comox Bar before descending again into Georgia Strait.  A vent structure would be required 
to evacuate air which could otherwise at the high point, and the most logical location for the vent would 

be in Sandy Island Provincial Park.  Figure 4-4 illustrates the proposed alignment for the outfall pipeline to 
Georgia Strait east of Comox Bar.   
 

Cumberland’s wet weather flows in excess of 2.5 times ADWF will be managed separately, by 
Cumberland.  It is anticipated that Cumberland will be permitted to return treated effluent to Maple Lake 
Creek during wet weather periods (October through April) on an interim basis (Maple Lake Creek is a 
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SCENARIO 2 

High-Rate Activated Sludge Treatment, Resource Recovery, Comox Bar Discharge 

tributary of the Trent River, which discharges into Baynes Sound) while Cumberland undertakes an 
extensive 15-year program for separating and upgrading of their wastewater collection system. 
 

5.0 RECOVERY OF NUTRIENTS 

Recovery of wastewater nutrients will be undertaken by incorporating the biosolids produced at the South 
Region WWTP into the CVRD’s highly successful SkyRocket Facility.  This facility is currently producing a 
high-nitrogen soil amendment that meets the MOE’s Class A regulatory requirements for pathogens, 
nutrient value, moisture, pH and metals.  Approximately 30% of the total incoming phosphorus at the 
CVWPCC is captured and recovered in the compost product, which is approximately 7% phosphorus on 
a dry-weight basis.  The final product is ideal for use in large-scale landscaping and planting projects, 
residential landscaping, orchards, flower gardens and lawns.  Discussion Paper 1B-2 (in Appendix B) 
provides additional information. 

 

Biosolids produced at the South Region WWTP will be thickened and dewatered prior to transport to the 
Composting Facility.  Mechanical thickening would be provided by rotary drum thickeners (representative 
technology).  Dewatering would be provided by two centrifuges (one duty, one back-up).  The centrifuges 

would dewater the thickened sludge to approximately 25% solids.   

 

5.1 Reclaiming Heat from the SkyRocket Facility 

CVRD recognizes the need to expand the SkyRocket Facility in the near future and has plans to do so.  

Presently, excess heat produced in the composting process at the SkyRocket Facility is wasted.  The 
CVRD would like to explore opportunities to capture and reuse this heat energy in the future.  
Greenhouse operations may be particularly well suited to take advantage of this potential reuse 

opportunity.    
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SCENARIO 3 

High-Rate Activated Sludge Treatment, Resource Recovery, Cape Lazo Discharge 

1.0 OVERVIEW 

 
Scenario 3 would provide wastewater management and resource recovery for the South Region of the 
Comox Valley Regional District (CVRD) by implementation of the following components: 
 
 A new wastewater collection and conveyance system serving Royston, Union Bay and Cumberland; 
 Generation of hydroelectric energy from the available hydrostatic head in the Cumberland wastewater 

flow; 
 A new Wastewater Treatment Plant (WWTP) located in the south Royston area, utilizing High-Rate 

Activated Sludge Treatment and Ultraviolet disinfection to produce reclaimed water meeting the 
requirements for “restricted public access” ; 

 Recovery of heat from effluent and use of reclaimed water for operations at the WWTP; 
 Opportunities for off-site reuse of heat and  “unrestricted public access” reclaimed water by third-

party(s);  
 An ocean outfall for safely returning water into George Strait at Cape Lazo in a manner that protects 

shellfish resources and the local economy derived from shellfish harvesting by the K’omox First 
Nation and other commercial operations; and 

 Recovery and local, beneficial reuse of nutrients from biosolids produced through the production of a 
Class A compost soil amendment at the Comox Valley Biosolids Composting Facility. 

 
These components are further described in the following sections.  Resource recovery opportunities are 
discussed in Discussion Papers 1B-1 through 1B-5, which are included in Appendix B.  A summary is 
provided below. 
 

2.0 WASTEWATER COLLECTION AND CONVEYANCE 

 
A new sewerage system will be constructed for the South Region, which will collect and transport 
wastewater to the new South Region WWTP.  The system will ultimately be comprised of eight pump 
stations that will collect wastewater by gravity from their respective service areas.  The eight pump 
stations will be located along the foreshore, stretching from Royston (at the edge of the Electoral Area A 
boundary with the City of Courtenay) southeast through Union Bay.  See Figure 5-1 for the proposed 
wastewater collection system layout.   
 
In addition to the Royston and Union Bay service areas, the new sewerage system will deliver 
wastewater from Cumberland to the new WWTP.  During dry weather periods, all of Cumberland’s 
wastewater flow will be conveyed to the new WWTP; however, Cumberland will manage flows exceeding 
2.5 times their average dry weather flow (ADWF), which occur during wet weather. 
 
Pump stations will be designed to meet a high standard of performance and reliability.  Spare pumps will 
be automatically brought into service in the event of an unexpected equipment failure.  Diesel-powered 
backup gensets at each of the pump stations will maintain the pump station in operation and prevent 
uncontrolled wastewater overflows in the event of a power failure in the grid.  Odour control measures 
would be provided at each of these pump stations, if required.  
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SCENARIO 3 

High-Rate Activated Sludge Treatment, Resource Recovery, Cape Lazo Discharge 

 
The pump stations and their respective service areas will be constructed and brought on line in 3 stages.  
Stage 1 will consist of service areas #2, #7, and #9 and will be implemented in 2015.  Stage 1 will 
address the high-priority and most serious wastewater impacts in the region:  specifically Cumberland 
and Union Bay.  Stage 2 will bring service areas #1, #3, and #4 onto the system in 2020, and Stage 3 will 
bring service areas #5, #6, and #8 on line in 2035.   
 

2.1 Direct Energy Recovery of Cumberland Wastewater Flows 

 

Hydrostatic energy in wastewater flows from the Village of Cumberland will be harnessed to generate 
electricity.  Wet weather flows from the Village of Cumberland are anticipated to be relatively constant at 
approximately 29 L/s (the flows will be lower and more variable during dry weather) in Stage 1.  These 

flows will be conveyed in a pressure sewer from Cumberland to Pump Station #2 in the community of 
Royston.  Approximately 125 m of hydrostatic head available in the flow will be used for micro-
hydropower generation of electricity, or will be direct-coupled to the main pump in Pump Station #2.  This 

will recover 25 kW of electricity, with a commensurate greenhouse gas reduction of 16.5 tonnes of CO2 
equivalent annually.   
 

3.0 WASTEWATER TREATMENT PLANT 

Scenario 2 was developed on the basis of High–Rate Activated Sludge (HRAS) treatment combined with 
Ultraviolet (UV) Disinfection.  HRAS treatment is a well-established and proven approach for providing 
biological treatment (conversion of organic matter and nutrients to biomass) with secondary clarification 
(removal of solids/biomass and partial removal of pathogens).  UV disinfection will achieve substantial 
pathogen inactivation without the introduction or generation of toxic chemicals and compounds.  The 
treatment system may also include a chemical addition system for supplemental reduction of phosphorus, 
if required.   
 
These combined treatment technologies would be expected to reliably meet the effluent quality 
requirements of the Municipal Sewage Regulation (MSR), as well as any new requirements from 
anticipated revisions to provincial and/or federal regulations.  In addition, the effluent would be expected 
to meet the requirements for Reclaimed Water for “restricted public access”. 
 
The following summarizes the effluent discharge requirements for Scenario 2 based on the MSR 
(Secondary Treatment for Open Marine Waters) and new federal Wastewater Systems Effluent 
Regulation:   
 
 BOD  < 25 mg/L 

 TSS  < 25 mg/L 
 pH   6.0 – 9.0 
 Ammonia  < 1.25 mg/L * 

 Fecal Coliforms < 14/100 mL * 
 
* At edge of Initial Dilution Zone. 
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SCENARIO 3 

High-Rate Activated Sludge Treatment, Resource Recovery, Cape Lazo Discharge 

The proposed major processes and operations for the Scenario 3 WWTP include the following: 
 
 Fine Screening 
 High-Rate Activated Sludge System (aerated bioreactor treatment and secondary clarifiers); 
 UV Disinfection (pathogen reduction);  
 Biosolids thickening and dewatering; and 
 Odour Control system 
 Backup power 
 
The WWTP will be designed to meet a high standard of performance and reliability.  Excess capacity and 
backup systems will be provided for all important treatment processes and equipment, and these will be 
automatically brought into service when needed.  The redundancy requirements in the MSR will provide a 
basis for design, and additional redundancy would be provided, where needed.  In the event of 
unexpected power or equipment failure, backup systems and equipment will automatically start to 
maintain all essential WWTP processes in operation.  A diesel-powered backup genset will provide 
emergency power in the event of a power failure in the grid.   
 
Construction of the new WWTP will be staged: three biological treatment system trains will be provided 
for Stage 1, and an additional biological treatment system train (for a total of four) will be provided for 
Stage 3 (2035).   
 

3.1 WWTP Facility Buildings 

A new building will house treatment processes and equipment, including the screening equipment, the 

chemical addition systems, pumps and blowers, ancillary equipment, thickening and dewatering 
equipment (see Section 5.0 below for more details), an electrical room, an office, a laboratory, and 
storage space.  The CVRD will strive to attain LEED® Silver Rating for their facility buildings by 

integrating solar energy recovery measures in the WWTP facility design. 
 

3.2 Heat Recovery and Reuse – at the WWTP and Off-Site 

Heat will be recovered from the treated effluent at the WWTP and reused to heat WWTP facility buildings, 

including process areas requiring high rates of ventilation.  Excess heat will be available for off-site users, 
and the CVRD will pursue opportunities to partner with third-party(s) for off-site heat reuse of the 
remaining heat.  Our estimates indicate that sufficient heat could be recovered to heat the new South 

Region WWTP with enough left over to heat over 15 homes by 2035 and over 40 homes by 2060.   
Greenhouse operations are of particular interest given the rural nature of the South Region.  We have 
assumed that the costs associated with this system will be covered by the end user.  Discussion Paper 

1B-3 (Appendix B) provides additional information. 
 

3.3 Reuse of Reclaimed Water– at the WWTP and Off-Site 

Drinking water resources in the South Region of the CVRD are limited, and existing water supplies are 

nearing capacity.  The South Region WWTP is an important opportunity for the CVRD to implement the 
reuse of reclaimed water to offset the use of potable water. (WWTP design flows of 240 L/cap/day further 
support the integration of the CVRD's water efficiency goals into the project.)  
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SCENARIO 3 

High-Rate Activated Sludge Treatment, Resource Recovery, Cape Lazo Discharge 

 
Reclaimed water meeting the requirements for “restricted public access” is suitable for agricultural 
irrigation (some restrictions apply).  To upgrade the reclaimed water to meet the requirements for 

“unrestricted public access” filtration and chlorination would be required.  To meet the process, 
washdown, purple pipe, and landscape irrigation needs of the WWTP itself, a small filtration and 
chlorination system would be implemented.  A truck filling station will be provided to encourage the use of 

reclaimed water for non-potable uses, such as street cleaning, dust suppression, community landscaping 
and fire protection.     
 
In order for the CVRD to pursue opportunities to partner with third-party(s) for larger-scale, off-site reuse 
of reclaimed water, filtration and chlorination would be required to meet the requirements for “unrestricted 
public access”.  This would be the case for golf course irrigation and a purple pipe system in the Union 
Bay area.  At this time, we have assumed that the cost of on-site filtration and chlorination, and off-site 
infrastructure for reuse of reclaimed water would be borne by the end user.  Discussion Paper 1B-4 
(Appendix B) provides additional information. 

 
Reuse of reclaimed water for augmentation of Hart/Washer Creek is of interest, but cannot be pursued 
within the context of the MOE’s target objective of 0.005 mg/L total phosphorus in Vancouver Island 

streams from May through September.  This target objective is beyond the practical limitations of 
phosphorus removal technologies at this time.   
 

4.0 RETURN OF WATER TO THE ENVIRONMENT 

Maximizing the reuse of reclaimed water in the South Region provides a substantial benefit, but the South 
Region WWTP unavoidably also requires an alternate (i.e. traditional marine) discharge system.   
  

The location of the proposed Point-of-Discharge is as shown in Figures 4-1, 4-2 and 4-3.  The discharge 
pipeline would extend east from Cape Lazo alongside the existing outfall from the Comox Valley Water 
Pollution Control Centre Outfall (CVWPCC), and would terminate at the same approximate location as the 

terminus of the existing CVWPCC outfall.  Based on the available information, it is believed to be at least 
1,000 m from the nearest known shellfish-harvesting operations, including commercial operations and 
those of the K’omox First Nation.  The seabed at this location is approximately 60 m below hydrographic 

datum.  The marine outfall would be a high-density polyethylene (HDPE) pipe, weighted to the bottom 
with concrete collars, and terminating in a diffuser system.   
 

The outfall pipeline would extend north to the Gartley Point area, cross the estuary of the Puntledge 
River, and be routed through Comox north along Croteau Road, east along Lazo/Balmoro Road, north 
along Morland Road, and then northeast to the waterfront along Brent/Lazo Road where it would parallel 

the existing oufall pipeline along the beach front and out into the open ocean at Cape Lazo.  The first 
section of the outfall pipeline would operate as a force main to a siphon break tank in the area of 
Mulholland Drive; the remaining section would operate as a gravity outfall.  Figure 4-4 illustrates the 

proposed alignment for the Cape Lazo outfall pipeline.   
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High-Rate Activated Sludge Treatment, Resource Recovery, Cape Lazo Discharge 

Cumberland’s wet weather flows in excess of 2.5 times ADWF will be managed separately, by 
Cumberland.  It is anticipated that Cumberland will be permitted to return treated effluent to Maple Lake 
Creek during wet weather periods (October through April) on an interim basis (Maple Lake Creek is a 

tributary of the Trent River, which discharges into Baynes Sound) while Cumberland undertakes an 
extensive 15-year program for separating and upgrading of their wastewater collection system. 
 

5.0 RECOVERY OF NUTRIENTS 

Recovery of wastewater nutrients will be undertaken by incorporating the biosolids produced at the South 
Region WWTP into the CVRD’s highly successful SkyRocket Facility.  This facility is currently producing a 
high-nitrogen soil amendment that meets the MOE’s Class A regulatory requirements for pathogens, 
nutrient value, moisture, pH and metals.  Approximately 30% of the total incoming phosphorus at the 
CVWPCC is captured and recovered in the compost product, which is approximately 7% phosphorus on 
a dry-weight basis.  The final product is ideal for use in large-scale landscaping and planting projects, 
residential landscaping, orchards, flower gardens and lawns.  Discussion Paper 1B-2 (in Appendix B) 
provides additional information. 

 

Biosolids produced at the South Region WWTP will be thickened and dewatered prior to transport to the 
Composting Facility.  Mechanical thickening would be provided by rotary drum thickeners (representative 
technology).  Dewatering would be provided by two centrifuges (one duty, one back-up).  The centrifuges 

would dewater the thickened sludge to approximately 25% solids.   

 

5.1 Reclaiming Heat from the SkyRocket Facility 

CVRD recognizes the need to expand the SkyRocket Facility in the near future and has plans to do so.  

Presently, excess heat produced in the composting process at the SkyRocket Facility is wasted.  The 
CVRD would like to explore opportunities to capture and reuse this heat energy in the future.  
Greenhouse operations may be particularly well suited to take advantage of this potential reuse 

opportunity.    
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Stage 2 (i.e., elements constructed by 2020), and for Stage 3 (i.e., elements constructed by 
Year 2035. 

 
Below is a summary of the Stage 1 capital costs, in 2011 dollars, for each scenario 
(including land purchase). 

 
Scenario 1 $ 41.8 million 
Scenario 2 $ 46.4 million 

Scenario 3 $ 50.6 million 
 
The Stage 1 program budgets were estimated to be $45.7 million for Scenario 1, 

$50.8 million for Scenario 2, and $55.3 million for Scenario 3.  These budgets reflect an 
assumed annual inflation allowance of 3.0% per year from 2011 until the expected mid-
point of construction of the Stage 1 infrastructure in 2014.  Further discussions on the 

staging for each scenario were presented in the Scenario Descriptions. 
 

5.2.2 Life-Cycle Costs 

The life-cycle cost analysis included all capital expenditures, operations (e.g. labour, 
energy, biosolids management, chemicals, and administration) and maintenance costs, 

greenhouse gas (GHG) emissions costs, and potential revenues generated from saleable 
products (i.e., generated electricity, reclaimed water).  The analysis horizon extended from 
Year 2014 to Year 2060.  The costs of all future expenditures were brought back to a 

present value (i.e., Year 2011 dollars), with the total net present value being the summation 
of all these present values.  The worksheets contain all analysis assumptions.  Appendix F 
contains the detailed economic life cycle and carbon footprint analysis worksheets. 

 
To provide context related to the Stage 1 capital costs, the following values were extracted 
from the life cycle/carbon footprint analysis worksheets.  All values shown are in 2011 

dollars and the annual costs/revenues are for the Year 2020. 
 

Item Scenario 1 Scenario 2 Scenario 3 

Total Net Present Value $ 64.7 million $ 69.8 million  $ 73.7 million 

Annual Operations and 
Maintenance Costs 

$ 0.76 million $ 0.81 million $ 0.83 million 

Annual Greenhouse Gas Costs $ 0.0015 million $ 0.0010 million $ 0.0012 million 

Annual Potential Revenues $ 0.13 million $ 0.13 million $ 0.13 million 
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6 Triple-Bottom-Line (Plus Risk) Comparative Evaluation 

6.1 Overview 

Like many environmental engineering projects, this study developed several potential wastewater 
management scenarios, with associated outfall options, that could meet the broad objectives and 

regulatory requirements of the initiative.  These scenarios need to be comparatively evaluated in a 
structured framework that allows asking the question “which scenario is most favourable for 
implementation given their environmental, social, economic and risk attributes?”  Ultimately, the 

process needs to produce the information required by decisions-makers to make informed 
decisions. 
 

To this end, the comparative assessment / evaluation of the scenarios developed in the study 
involved two main elements.  First, the scenarios were subjected to a TBL analysis.  A risk 
assessment (RA) was then conducted for the scenarios, with the RA findings brought back into a 

TBL + Risk analysis.  This approach provides an understanding of how consideration of risk might 
alter the TBL ranking of scenarios. 
 

The information resulting from the TBL + Risk evaluation is just that, information.  It is not a 
decision.  And while there are a variety of ways to structure such evaluations, each with its own 
merits, the key benefit of going through the process, and the resulting information, is the discussion 

it generates.  The decision-makers (e.g. CVRD staff, elected officials) can use this information to 
select a wastewater management strategy that best meets the needs of the stakeholders they 
represent. 

 
Section 6.2 describes the TBL + Risk evaluation methodology, with Section 6.3 summarizing the 
related scenario scoring.  Section 6.4 presents and discusses the TBL + Risk evaluation results. 

 

6.2 TBL + Risk Evaluation Methodology 

6.2.1 Triple Bottom Line (TBL) 

The TBL evaluation framework considers environmental and social attributes of alternatives 

in addition to economic attributes traditionally used in comparative engineering evaluations.  
The TBL model reflects what is often described as the “sustainability triangle”, which 
recognizes that the balance between environmental efficiency, social acceptation and 

economic feasibility of a solution must consider and accommodate stakeholder values.  In 
other words, a truly “sustainable” solution seeks to maximize environmental benefits in a 
socially acceptable manner while at the same time being affordable.  This framework 

recognizes that the best idea in the world is worthless if people will not embrace it or is 
beyond their financial means. 
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While the idea of TBL evaluations is relatively new, the underlying mechanics of their 
conduct is typically based on classic multi-criteria analysis/decision theory:     

 
A multi-criteria decision problem generally involves choosing one of a number 
alternatives based on how well those alternatives rate against a chosen set of 

criteria. The criteria themselves are weighted in terms of importance to the 
decision maker, and the overall "score" of an alternative is the weighted sum of 
its rating against each criteria. The ordering of the alternatives by their decision 

scores is taken to be their ranking by preference (www.infoharvest.com). 
 

Spreadsheet-based models are often used to construct the hierarchy that represents the 

evaluation framework, which is then populated with the information required and used to 
conduct the TBL analysis and generate resultant information.  However, for this project, the 
Criterium DecisionPlus® (CDP) software package was selected because of its ease of use, 

ability to produce easy-to-understand graphs of the output information, and tools available 
to conduct efficient sensitivity analyses.  The evaluation methodology used within CDP was 
the simple multi-attribute rating technique (SMART) using weights.  A linear value function 

was applied to the criterion metric information generated for each of the scenarios. 
 
TBL criteria selection is an important exercise in such evaluations, as the criteria represent 

the information needed by those who will make decisions on the basis of the analysis 
findings.  This effort always requires a balance: too many criteria result in a dilution of what 
is truly important to decision-makers, while too few criteria risks missing elements important 

to those making decisions.  To this end, CVRD and Associated Engineering staff worked 
collaboratively during a January 26, 2011 workshop to identify the TBL criteria, along with 
the associated metrics and units of measure.  Table 6-1 presents the TBL criteria and 

associated metrics and units.  All criteria had quantifiable metrics, which eliminated the 
need for subjective judgments about the option attributes. 
 

While most of the TBL criteria in Table 6-1 are fairly self-evident, the receiving environment 
loading criterion is one worthy of additional explanation.  CVRD staff indicated, based on 
other projects, that the community does value the provision of effluent that is of a higher 

quality than that required by regulatory agencies.  This criterion attempts to capture this 
perspective.  The metric used is the total mass of nitrogen discharged to the environment, 
which recognizes that treatment facilities that provide a higher level of total nitrogen 

removal also tend to concurrently provide a broader and higher level of micro-constituent 
(e.g. endocrine disrupting compounds, etc.) removal. 
 

The importance of the criteria weighting in the overall TBL evaluation cannot be overstated 
and thus it is worthwhile to explain briefly the mechanics of their development and what 
they mean.  During the January 26, 2011 workshop with CVRD staff and the consultant 

team, the initial relative weights were first developed for the main criteria categories.  In a 
group discussion setting, staff were asked to identify which of the four main TBL + Risk 



Table 6-1
TBL Criteria, Metrics and Units

Criteria Metrics Quantifiable? Units
Environmental

  carbon footprint GHG emissions associated with operations Yes t CO2e

  receiving environment loading mass of effluent total nitrogen discharged to environment Yes t N

  sensitive land disturbance disturbed terrestrial + foreshore area in locations classified as "sensitive ecosystems" Yes m2

Social

  WWTP site location distance to developed or planned residential areas Yes m or km

  residential area truck traffic truck trips Yes truck - km

Economic

  life cycle cost total net present value of capital and O&M costs and revenues from sale of reclaimed 
water Yes 2011 $

  initial Stage 1 capital cost initial stage capital costs Yes 2011 $

Risk Factors

dry-weather potential for wastewater-related fecal 
coliform contamination of shellfish beds

severity of impact based on contamination potential
Yes via severity score unitless

wet-weather potential for wastewater-related fecal 
coliform contamination of shellfish beds

severity of impact based on contamination potential
Yes via severity score unitless

potential for WWTF/PS fenceline odours beyond 
design criteria

severity of impact based on not meeting fenceline criterion
Yes via severity score unitless

potential for public rejection of updated program 
costs

severity of impact based on public response to program costs
Yes via severity score unitless

potential for regulatory rejection of outfall 
alignment based on its construction requirements, 
regardless of mitigations

severity of impact based on public response to program costs

Yes via severity score unitless

P:\20102734\00_RegSewageSysStudy\Engineering\03.00_Conceptual_Feasibility_Design\DMS\TBL+risk\dnt_TBL+Risk_criterion_ds.xls, Tab A 22/04/2011
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categories (i.e. environmental, social, economic, risk) was most important to them and to 
assign a weighting of 100 (i.e. highest weighting that can be assigned) to this category.  

They then were asked to assign a weighting to the remaining categories.  This weighting 
could also be 100, which would mean it was of equal importance to them as the first criteria 
category, or a lower value.  Through a facilitated discussion, consensus was reached on 

the initial weightings of the main TBL + Risk categories. 
 
Table 6-2 presents the initial weightings of the main TBL + Risk criteria categories.   Staff 

weighted the Economic category as most important (100), and with a weighting of 75 gave 
the Risk category almost as much importance as the Economic category.  At the other 
extreme, with a weighting of 40, the Social category was assigned less than one-half the 

importance as the Economic category.  In the middle was the Environmental category, with 
an assigned relative weight of 60. 
 

A similar exercise was conducted for the criteria within the main Environmental category, 
as it had three sub-criteria that needed to be weighted one relative to another.  As shown in 
Table 6-2, staff weighted the carbon footprint and receiving environment loading as most 

important (100), with sensitive land disturbance weighted lower at 75.  This exercise was 
repeated for the main Social and Economic categories, as they each had multiple sub-
criteria.  Again, Table 6-2 shows the resultant weightings.  Of particular note, staff weighted 

the Phase 1 capital costs and life-cycle costs with equal importance. 
 
The right-hand column of Table 6-2 shows the fraction of total weight carried by the main 

categories, as well as individual sub-criteria.  These values were generated from 
normalization of the stakeholder weights shown in the left-hand columns and were 
ultimately used in calculating an options total TBL or TBL + Risk score. 

 

6.2.2 TBL + Risk 

Beyond the typical TBL categories of environmental, social and economic criteria, the risk 
attributes of the scenarios were also important to understand.  To this end, a risk 
assessment activity was undertaken to provide this understanding. 

 
Similar to the TBL criteria, identifying appropriate risk factors is an important exercise that 
requires similar balance.  Table 6-1 summarizes the identified risk factors and their 

descriptions, which were again developed in consultation with CVRD staff during the 
January 26, 2011 workshop and during subsequent discussions: 

 

 Dry- and wet-weather shellfish risk factors.  The subjective judgement is based on 
the probability of occurrence of a single yearly "event" that results in the effluent 
fecal coliform concentration exceeding typically expected end-of-pipe levels 

 



Table 6-2
Initial TBL + Risk Weightings

Relative Fraction of
Criterion Sub-Criterion Weightings Main Criterion Weightings Importance Weight Total Weight
Environmental 60

  carbon footprint 100 -- 21.8 7.9%
  receiving environment loading 100 21.8 7.9%
  sensitive land disturbance 75 -- 16.4 6.0%

60.0 21.8%

Social 40

   WWTP site location 100 -- 26.7 9.7%
   residential area truck traffic 50 -- 13.3 4.8%

40.0 14.5%

Economic 100

  life cycle cost 100 -- 50.0 18.2%
  initial Stage 1 capital cost 100 -- 50.0 18.2%

100.0 36.4%

Risk 75

  total severity score 100 -- 75.0 27.3%
75.0 27.3%

sum = 275.0 100.0%

Initial Stakeholder Values Calculated Values
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 Odour risk factor.  The subjective judgement is based on the probability of repeated 
odour excursions beyond fence line design criteria and considers all facilities in the 

wastewater management option, considering a one-year time frame of reference 
 

 Program cost risk factor.  The subjective judgement is based on the probability that 

there will be a negative public response to the updated / new program costs 
relative to those of Bylaw No. 2826 

 

 Regulatory rejection risk factor.  The subjective judgement is based on the 
probability that the regulators will reject the outfall alignment / concept based on its 
construction requirements, regardless of mitigations 

 
Using a standard risk assessment approach, which involved subjectively assigning a 
likelihood of occurrence and a severity of impact for each risk factor, a risk factor 

consequence score was calculated for each risk factor for each option.  The individual 
consequence scores were then summed to give a totalized risk severity score for each 
option.  Appendix G contains the RA worksheet that defined the probability and impact 

severity scales, the latter also developed in consultation with CVRD staff. 
 
An important concept to grasp with respect to risks is the separation of risks that are 

“inherent” to an option from those that are “practically mitigable”.  Those in the latter 
category can be accommodated by system design.  This accommodation can incur costs, 
and, when they do, became part of an options total cost.   Alternately, those risks that are 

inherent to an option were captured in the risk factors described and become part of the 
totalized risk severity score. 
 

This concept leads to the TBL + Risk approach.  The total risk severity score discussed 
above represents the risk factors.  The costs to accommodate the practically mitigable risks 
were included in the TBL Economic criteria.  Thus the TBL + Risk evaluation framework 

integrates all option attributes into a single evaluation with an easy-to-understand 
presentation of results.  This approach avoids the potentially confusing situation where an 
option might have the highest TBL score (i.e. most favourable option from an 

environmental/social/economic view), but the independent risk assessment found the 
option to have a very high risk score (i.e. less favourable scenario from a risk perspective). 

 
6.3 TBL Criteria and Risk Factor Information 

Table 6-3 summarizes the TBL criteria information for each of the options.  As discussed 

previously, this quantified information was converted directly into scores using CDP.  Appendix F 
contains detailed information regarding the assumptions and calculations used to generate the TBL 
criteria information.  The TBL model was populated directly with this information, along with the 

initial criteria weightings shown in Table 6-2. 
 



Table 6-3
Summary of Generated TBL Criteria and Risk Factor Score Information

Criteria Metric Units Scenario 1 Scenario 2 Scenario 3
Environmental

  carbon footprint GHG emissions associated with operations t CO2e 5,030 3,897 4,361

  receiving environment loading mass of effluent total nitrogen discharged to environment t N 631 1,579 1,579
  sensitive land disturbance disturbed terrestrial + foreshore area in locations classified as "sensitive ecosystems" m2 4,375 25,500 21,800

Social

  WWTP site location distance to developed or planned residential areas m 300 275 275
  residential area truck traffic truck trips truck - km 49,465 51,926 51,926

Economic

  life cycle cost total net present value of capital and O&M costs and revenues from sale of reclaimed water 2011 $ $64,748,613 $69,764,003 $73,692,491
  initial Stage 1 capital cost stage 1 capital costs (2014) for property, collection, treatment and outfall 2011 $ $41,786,125 $46,444,250 $50,581,000

Risk

  total severity summation of individual risk factor consequence scores unitless 16.15 20.50 16.00

P:\20102734\00_RegSewageSysStudy\Engineering\03.00_Conceptual_Feasibility_Design\DMS\TBL+risk\dnt_TBL+Risk_criterion_ds_revised_kb_20110426.xls, Tab C 4/26/2011
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Key TBL information observations: 
 

 Carbon Footprint.  Scenario 1 net carbon emissions were estimated to be higher than 
Scenario 2 and Scenario 3 emissions due to the higher electricity requirements for the MBR 
treatment facility.  Between Scenario 2 and Scenario 3, Scenario 3 emissions are higher 

due to the added electricity requirements for effluent disposal via a pumped outfall.  Carbon 
offsets attributed to on-site effluent heat recovery and electricity generated via pump station 
no. 2 are equivalent across each of the scenarios.   

 
 Receiving Environment Loading.  Scenario 1 total nitrogen emissions were estimated to be 

lower than Scenario 2 and Scenario 3 emissions due to the overall lower estimated 

concentration of total nitrogen in the Scenario 1 MBR (membrane bioreactor) effluent 
relative to that of the HRAS (high-rate activated sludge) effluent discharged in Scenarios 2 
and 3. 

 
 Sensitive Land Disturbance.  Scenario 2 sensitive land disturbance area was estimated to 

be higher than Scenario 1 and Scenario 3.  For Scenario 2, the sensitive land disturbance 

area includes land impacted on Sandy Island Marine Provincial Park to accommodate an 
outfall vent structure, which included disturbance to both terrestrial and marine habitats.  
Sensitive land disturbance for Scenario 3 was estimated to be higher due to the relatively 

long outfall required to discharge treated effluent via the Cape Lazo outfall.  Five foreshore 
land sections were estimated to be disturbed via construction activities attributed to the 
outfall.   

 
 WWTP Site Location.  Distances to developed or planned residential areas are relatively 

similar among Scenario 1, 2, and 3. In each scenario, approximate distances were 

estimated to the nearest developed residential area.  
 

 Residential Area Truck Traffic.  Quantities of sludge produced were estimated to be lower 

for the MBR system in Scenario 1 than the HRAS systems in Scenario 2 and 3. Therefore, 
estimated truck trip kilometers attributed to trucking sludge to the CVRD composting facility 
were lower for Scenario 1 than Scenario 2 and 3. This difference in truck trip kilometers 

between the scenarios was based on the lower number of trucks required to haul the 
sludge even with additional distance from the CVRD composting facility for Scenario 1 
compared to Scenario 2 and Scenario 3.  

 
 Life Cycle Cost.  The overall life cycle costs (i.e. net present value) were highest for 

Scenario 3, while the overall life cycle costs were lowest for Scenario 1. The most 

significant differences in life cycle costs were based on the lower capital costs and labour 
costs for Scenario 1 compared to Scenario 2 and Scenario 3. The lower Scenario 1 capital 
costs were also attributed to the lowest outfall costs among each of the scenarios. Labour 

costs for Scenario 1 were also lower than Scenario 2 and Scenario 3, with the assumption 
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that the MBR facility would be a more automated facility that requires less operator 
intervention than the HRAS facility used in the other Scenarios. 

 
 Initial Capital Cost.  Initial capital costs were based on Stage 1 capital cost estimates. 

Stage 1 capital costs were estimated based on the following components: 
 

 Costs of acquiring the WWTP property; 

 Costs of implementing the collection system for Pump Station No. 2, Pump Station 
No.7, and force main costs attributed to connect each of these pump stations to the 
WWTP; 

 Costs of implementing the WWTP based on 2030 capacity; 

 Costs of implementing the outfall; and  

 Costs of implementing the energy recovery system at Pump Station No. 2. 

 
The initial capital costs were lowest for Scenario 1 and highest for Scenario 3. The most significant 
difference in the initial capital costs was based on the outfall costs. The outfall capital cost for 

Scenario 1 was the lowest among each of the scenarios; in contrast, Scenario 3 was estimated to 
have the highest outfall cost due to the relatively long, pumped pipeline required to convey the 
treated effluent to the Cape Lazo discharge site.  

 
Table 6-3 summaries the risk total severity scores for each of the scenarios, along with the TBL 
criteria scores.  The TBL + Risk model was also populated directly with this information, along with 

the initial criteria weightings shown in Table 6-2.  Appendix G contains the detailed RA results, 
including the assigned probability and severity ratings and their rationale, and the risk consequence 
scores for the individual risk factors for all scenarios. 

 
Key Risk information observations: 
 

 None of the individual risk factors, for any scenario, had risk factor consequence scores 
that landed in what was defined as the “critical” risk category (Appendix G).  Had this 
actually occurred, such scenarios would have been modified to reduce / transfer the risk or, 

if not practical to do so, would have been removed from further consideration in the TBL + 
Risk evaluation. 

 

 In all the scenarios, most of the individual risk factors had consequence scores that landed 
in the “medium” risk category.  All scenarios also had at least one risk factor that fell into 
the “high” risk category. 

 
 Scenarios 1 and 3 had essentially equal total risk severity scores, with Scenario 2 having a 

notably higher (i.e. less favourable) risk score.  This finding was the largely the result of the 

uncertainty in obtaining regulatory approval for the outfall alignment. 
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 Examination of the individual risk factors shows that Scenario 1 had the lowest risk (i.e. 
most favourable) of the scenarios from a shellfish fecal coliform contamination potential, 

which relates to the multi-barrier protection provided by the MBR-UV system used in 
Scenario 1. 

 

 All three scenarios were deemed to have an equal risk from an odour perspective, which 
resulted largely from facilities in all three scenarios being similarly located relative to 
residential areas. 

 
 All three scenarios were also assessed to have a similar risk for public rejection of the 

updated program costs.  This finding resulted from all scenarios having a broadly 

comparable increase in costs relative to those from the 2006 Bylaw. 
 
 In terms of the risk of regulatory rejection of the outfall alignment, Scenario 2 was assessed 

as having the highest risk because of the Sandy Island construction area.  Alternately, 
Scenario 3 had the lowest risk score (i.e. most favourable) because of the precedent of an 
existing outfall in the Cape Lazo area. 

 

6.4 TBL + Risk Evaluation Results 

6.4.1 TBL 

Before presenting the results of the TBL evaluation, it is worthwhile first to describe how the 

data were interpreted for analysis purposes: 
 

 For all the TBL criteria, the lower the metric value (e.g. lowest cost, lowest GHG 

emissions, etc.) the more favourable the attribute. 
 

 For any given criterion, the metric value of the most favourable option represents 

the upper end of the linear value function (i.e. metric) scale used in the hierarchy 
model, as alluded to in Section 6.1.2.  This means this option receives the 
maximum number of points towards the total TBL score.  Conversely, the value for 

the least favourable option defines the lower end of the linear value function.  In 
this case the option receives zero points towards the total TBL score.  CDP 
automatically allocates the points awarded to the “intermediate” scenarios, based 

on their metric values and using linear interpolation between the low and high 
extremes. 

 

On this basis, it can be seen that the TBL hierarchy model is inherently configured 
to emphasize the difference between the lowest and highest scoring options for 
any given criterion, which, in turn, carries through to an options total TBL score.  

This approach is typically used in multi-criteria decision analysis.  However, it is an 
important “perspective” consideration when examining the TBL evaluation results. 
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Consider a case where, for example, the relative difference between the least expensive 

and most expensive options was only 5% for all Economic criteria.  In absolute terms this 
difference could be considered insignificant.  However, in the TBL evaluation, if the 
Economic main criteria category made up 40% of the overall analysis weighting, this 

seemingly insignificant cost difference could have a major influence on the options total 
TBL scores and their ranking relative to each other, depending on the contributions of other 
criteria to the total scores. 

 
Fortunately, for this project, the relative difference in the criteria metric value between the 
least and most favourable options was generally above 20%.  This trait suggests that there 

are real and significant differences across the broad range of scenarios evaluated.  It also 
provides confidence in the picture that the TBL evaluation provides.  Section 6.4.3 further 
examines this topic. 

 
Figure 6-1 presents the total TBL scores for the scenarios, where normalization of the 
individual criterion scores and their weightings results in the maximum attainable score for 

a scenario being 1.0. 
 
Not surprisingly, Scenario 1 has the highest TBL score relative to the other options and by 

a significant margin.  This is due to Scenario 1 being the most favourable option for most 
criteria (Table 6-3) and given how the initial weightings were assigned to the various 
categories / criteria (Table 6-2). 

 
Figure 6-2 provides additional insights into the TBL results, where the Figure 6-2 data are 
the same as those shown in Figure 6-1 but broken down into the Environmental, Social and 

Economic categories.  The higher an individual bar in the chart the more favourable the 
scenario score.  Scenario 3 had the lowest score (i.e. most expensive) for both economic 
criteria and was thus automatically assigned zero points in this category and hence no bar 

shows on the graph. 
 

6.4.2 TBL + Risk 

Bringing the RA results into the overall evaluation, Figure 6-3 shows the total TBL + Risk 
scores for the various options.  Figure 6-4 shows the distribution of the options total TBL + 

Risk scores across the Environmental, Social, Economic and Risk categories. 
 
With Risk included in the TBL + Risk evaluation, Scenario 1 remains the highest scoring 

(i.e. most favourable) scenario and by a significant margin.  However, the higher risk 
associated with Scenario 2 causes it to become the lowest ranking scenario when 
considered in the TBL + Risk evaluation.  Scenario 2 was the middle ranked scenario under 

the TBL only evaluation. 
 



Figure 6-1.  Total TBL scores for each scenario (maximum score = 1.0). Risk weighting = 0.

Figure 6-2.  Relative contributions to scenario total TBL scores.  Risk weighting = 0.

P:\20102734\00_RegSewageSysStudy\Engineering\03.00_Conceptual_Feasibility_Design\DMS\TBL+risk\dnt_TBL+Risk_criterion_ds.xls
, Fig A 22/04/2011



Figure 6-3.  Total TBL + Risk scores for each scenario (maximum score = 1.0)

Figure 6-4.  Relative contributions to scenario total TBL + Risk scores

P:\20102734\00_RegSewageSysStudy\Engineering\03.00_Conceptual_Feasibility_Design\DMS\TBL+risk\dnt_TBL+Risk_criterion_ds.xls
, Fig B 22/04/2011
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6.4.3 TBL + Risk – Weighting Sensitivity Analysis 

The results discussed in Section 6.4.2 indicate that the inclusion of risk in the evaluation 
did impact the relative ranking of scenarios, although Scenario 1 remained the highest 
scoring alternative.  The inclusion of Risk in the evaluation is one form of weighting 

sensitivity analysis.  The question now is whether the relative order of option ranking could 
be changed by use of alternate weightings for the four main criteria categories (i.e. 
environmental, social, economic, risk). 

 
Using the sensitivity analysis function within CDP it was found that increasing the fraction of 
total weight for the Risk category from the initial value of 27% (Table 6-2) to above 97% did 

change the highest scoring option from being Scenario 1 to Scenario 3.  However, the 
extent of change needed in the Risk weighting to induce this result is practically 
implausible. 

 
It was also found that changing the fraction of total weight for the Social category from the 
initial value of 15% to above 62% did change the highest scoring option from being 

Scenario 1 to Scenario 3.  However, examination of the TBL scores contained in Table 6-3 
reveals relatively small differences (i.e. < 10%) between the lowest and highest scoring 
scenarios for both of the Social criteria, with these differences arguably irrelevant in light of 

the intent the criteria are attempting to capture.  As a result, the Social criteria were 
removed from the TBL evaluation by setting the Social category weighting to zero.  Figures 
6-5 and 6-6 illustrate the findings, which show that Scenario 1 remains the highest scoring 

scenario by a large margin. 
 

6.4.4 Summary 

The evaluations presented and discussed in the preceding sections reveal the robustness 
of Scenario 1 in terms of being the highest ranking scenario.  As discussed in Section 6.1, 

the evaluation results are information and not a decision.  That said, these findings suggest 
that Scenario 1 may be the most preferable wastewater management scenario given the 
context of what was studied. 

 

7 Summary and Next Steps 

The CVRD has been investigating strategies to effectively and sustainably manage wastewater 

discharges for Royston and Union Bay (the “South Region”) that will protect public health and the 
environment.  Associated Engineering and its subconsultants were retained by the CVRD to 
prepare a study that, along with the considerable body of planning and engineering work that has 

been previously carried out over the years, will establish a firm direction for the CVRD to move 
forward with a sewage collection, treatment and disposal system to service the CVRD’s South 
Region. 

 



Figure 6-5. TBL + Risk scores for each scenario with Social weighting = 0 (maximum score = 1.0)

Figure 6-6.  Relative contributions to scenario TBL + Risk scores with Social weighting = 0

P:\20102734\00_RegSewageSysStudy\Engineering\03.00_Conceptual_Feasibility_Design\DMS\TBL+risk\dnt_TBL+Risk_criterion_ds.xls
, Fig C 22/04/2011
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The study was based on a 45 year planning horizon, which included the development of population 
and wastewater flows for Year 2014 (start of program element construction) to Year 2060.  The 

study also included the assessment of options for return of water to the environment and integrated 
resource recovery opportunities.  Based on this information, three wastewater management 
scenarios were developed that outlined a strategy for wastewater collection and conveyance; 

wastewater treatment; biosolids management; integrated resource recovery opportunities; and 
return of water to the environment.  A triple bottom-line (plus risk) comparative evaluation was 
developed to provide additional information for each scenario in the context of economic, social, 

environmental, and risk criteria. 
 
Based on the findings of the triple bottom-line (plus risk) comparative evaluation, Scenario 1 has 

emerged as the preferred wastewater management scenario, given the context of what was 
studied.  This scenario provides a number of advantages over other the other two scenarios 
evaluated, including the most straightforward scenario from an engineering perspective, the least 

environmental impact during construction, and the lowest overall cost.  Scenario 1 also presents 
opportunities for effective recovery and reuse of wastewater resources in the near term and in 
perpetuity. 

 
The following next steps are recommended for the CVRD to implement key elements of the Stage 1 
South Region wastewater management system for Scenario 1: 

 
 Continue with appropriate public consultation/referendum processes to establish 

stakeholder and public buy-in for the proposed wastewater treatment strategy; 

 Confirm requirements to proceed with property acquisition and rights-of-way; 
 Confirm budgeting requirements for marine and terrestrial environmental impact studies for 

the proposed facility siting and outfall locations; 

 Establish permitting requirements for collection and conveyance system, wastewater 
facility, outfall system, and potential energy recovery system at pump station no. 2; 

 Engage potential third-party users of off-site heat and reclaimed water; 

 Establish design criteria; and 
 Establish requirements for engineering services for preliminary design, detailed design and 

construction of the proposed wastewater collection, treatment, and discharge systems. 
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1 Overview 

This discussion paper provides an overview of considerations for a marine discharge of treated 
wastewater from the South Region of the Comox Valley Regional District (CVRD) into Baynes 

Sound (Point-of-Discharge #2).  The results of preliminary dilution modeling of the proposed 
discharge are presented, and evaluated alongside our understanding of the BC Municipal Sewage 
Regulation (MSR)1 and the new federal Wastewater Systems Effluent Regulations (WSER)2, 

expected to come into effect in mid-2011.   
 
The discharge quality required at Point-of-Discharge #2 combined with a suitable treatment 

technology(s) will be used to inform a Triple Bottom Line (TBL) analysis of short-listed scenarios for 
the collection, treatment, and discharge of wastewater from the CVRD’s South Region including the 
communities of Royston and Union Bay, and the Village of Cumberland.   

 
Our approach in selecting a suitable treatment technology(s) will consider the discharge quality 
required to reliably meet the regulations, and the importance of protecting public health, shellfish 

resources, and the receiving environment as a whole.   
 

2 Description of Area 

2.1 Location 

The Baynes Sound area is one of the most productive ecosystems on the east Coast of Vancouver 

Island, particularly for shellfish production.  Water quality is of key importance to the marine life and 
activities that occur in this area and is currently an issue that affects shellfish harvesting and food 
safety.  

 
The proposed Point-of-Discharge #2 is located in Baynes Sound, approximately half way between 
the eastern shoreline of Royston between Spindrift Road and Argyle Road, and the western tip of 

Sandy Island, as shown in Figures 1 and 3.  The seabed at this location is approximately 33 m 
below hydrographic datum.  Tidal currents in the vicinity are influenced by both flood and ebb tides.   
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According to the definition provided in the BC MSR, Point-of-Discharge #2 is classified as “Open 

Marine Waters” (as opposed to “embayed”) because it lies outside of “a line up to 6 km long drawn 
between any two points on a continuous coastline.” 
 

The concept under consideration is a 400 mm diameter high-density polyethylene pipe, weighted to 
the bottom with concrete collars, and terminating in a diffuser that would be designed to maximize 
the dilution and prevent marine life, sand or other materials from entering the pipeline.  Based on 

the available information, Point-of-Discharge #2 is approximately 1,200 m from the nearest known 
shellfish harvesting operations, including harvesting tenures held by the K’omox First Nation, the 
precise location of which is confidential.  (A similar preliminary dilution analysis was carried out in 

2004 by Koers Associates and Komex International Ltd.3  In this study, one of the points of 
discharge considered was in Baynes Sound in the region off Gartley Point, approximately 2.5 km 
north of Point-of-Discharge #2.)   

 
2.2 Shellfish Resources and Area Classifications 

Figure 3 delineates shellfish resources and area classifications for the region, based on data 
provided by Environment Canada’s Marine Water Quality Monitoring program.4 
 

Shellfish harvesting closures in Baynes Sound are put into effect when fecal coliforms exceed 
allowable limits.  The source of the fecal contamination that triggers shellfish closures is not 
precisely known, but may be related to known non-point sources such as agricultural or storm 

water runoff, failing septic tanks, and boater wastes. 
 
A 2009 report by Payne Engineering Geology5 concluded that the overall failure rate of on-site 

sewage systems (e.g., septic tanks and tile fields) in the Royston/Union Bay area was 25 percent.  
Their report entitled “Royston and Union Bay Sewage Study: Effects of Onsite Sewage Systems on 
Water Quality” concluded that a new sewage system servicing this area should lead to a marked 

improvement in water quality along the shorelines of Baynes Sound.   
 
The 2004 report by Komex International Ltd. documented numerous closures between 1994 and 

2001 when fecal coliforms exceeded allowable limits.  The Fisheries and Oceans Canada website 
also lists Baynes Sound closures related to “sanitary contamination” in recent years.  These include 
several emergency closures as well as Baynes Sound Management Plan closures related to 

rainfall events that exceed specific amounts (in mm) over a 24-hour period (rainwater runoff 
increases pollutant loadings into Baynes Sound). 
 

In addition to fecal contamination, nutrient loadings in Baynes Sound could contribute to algal 
blooms, which can negatively impact shellfish and other marine life.  Potential sources of nutrients 
would include failing on-site sewage systems, storm water runoff, and creeks such as Trent River 

(which reportedly has elevated nutrient levels, likely related to discharge from Cumberland’s 
wastewater lagoons). 
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3 Regulatory Framework 

3.1 Provincial Regulation 

The BC Ministry of Environment (MOE) developed the MSR to protect public health and the 

environment by establishing requirements for wastewater treatment facilities.  Compliance with 
MSR provides local governments and private dischargers with authorization for the treatment, 
reuse and discharge of domestic sewage, wastewater or municipal liquid waste.  The MSR applies 

to all discharges of domestic sewage except those regulated under the Sewerage System 
Regulation (under the Health Act), which generally applies to smaller domestic sewer systems, and 
those discharges from individual single-family or duplex dwellings. 

 
3.2 Federal Regulation 

The Canadian Council for Ministers of Environment (CCME) has developed the national “Strategy 
for the Management of Municipal Wastewater Effluent”, which was endorsed by the CCME on 
February 17, 2009.  The Strategy requires that all wastewater treatment facilities adhere to 

minimum National Performance Standards and site-specific Effluent Discharge Objectives.  The 
CCME-based standards and objectives are the basis for the new federal WSER, expected to come 
into effect in mid-2011 under the Fisheries Act.   

 
3.3 Harmonization of Provincial and Federal Regulations 

It is expected that new federal WSER will be harmonized with each of the provincial regulations 
through the “elimination of overlaps” and the “filling of gaps” in order to achieve consistent 
approaches.  The MOE intends to review and revise the MSR in three stages.  The first stage will 

focus on reclaimed water and registration requirements; the second stage will address discharges 
to ground and water, as well as harmonizing the regulation with the new federal WSER, and the 
third stage will consider design, commissioning, management, operations, environmental impact 

studies, security, implementation and compliance strategies.   
 
Table 1 summarizes the effluent discharge requirements based on the MSR and new federal 

WSER.  Shellfish harvesting considerations from the Canadian Shellfish Sanitation Program 
(CSSP)6 are also presented, where applicable. 
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Table 1 
Effluent Discharge Requirements 

 

Parameter MSR Criteria for 

Open Marine Waters

Federal WSER 

Criteria* 

Shellfish Harvesting 

Considerations** 

BOD <45 mg/L <25 mg/L 
(monthly avg) 

 

TSS <45 mg/L <25 mg/L 

(monthly avg) 

 

pH 6.0 - 9.0   

Ammonia (mg/L N-NH3) 
 

<1.9 (max at IDZ***)
<0.28 (5-30 day avg 

at IDZ) 

<1.25   

Total Phosphorus n/a n/a  

Ortho-phosphate (PO4) n/a n/a  

IDZ Radius *** 100 m   

IDZ Distance from nearest shellfish bed 300 m   

Fecal Coliform (shellfish bearing waters) MPN <14/100 mL 

at edge of IDZ 

 Minimize risk to 

shellfish harvesting 
industry 

Fecal Coliform (recreational areas) MPN <200/100 mL 
at edge of IDZ 

  

* Based on future requirements (revised MSR due to new federal WSER under the Fisheries Act). 

** CSSP. 

*** Initial Dilution Zone (IDZ) is defined by the MSR as a vertical cylindrical volume centred on the discharge location, 

having a radius of 100m extending from the seabed to the surface. 

 
3.4 Programs for Shellfish Protection 

Protection of shellfish harvesting in and around Baynes Sound is one of the prime considerations in 

the evaluation of potential points of discharge and the requirements for returning treated 
wastewater to the environment.  In recent years, both Canada and the United States have 
developed shellfish sanitation programs to protect public health and reduce the likelihood of 

disease associated with shellfish consumption.  The CSSP has been developed collaboratively by 
three governmental agencies: Canadian Food Inspection Agency, Fisheries and Oceans Canada, 
and Environment Canada.  The CSSP Manual of Operations was compiled for the monitoring and 

control of shellfish harvesting, processing and distribution.   
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Conditional Management Plans (CMP) have been developed and implemented for the protection of 
shellfish where there are treated wastewater discharges within close proximity; the Town of 

Ladysmith is one such example.  The CMP for the Town of Ladysmith was developed by the three 
CSSP agencies, the MOE and the Town of Ladysmith to outline the specific roles and 
responsibilities of the Parties in the event of an operational upset at the wastewater treatment plant 

(WWTP) and the release of potentially non-compliant effluent.   
 
Presently there is no CMP in place for the Baynes Sound area, or for the shellfish harvest areas in 

proximity to the Comox Valley Water Pollution Control Centre (CVWPCC), which discharges off 
Cape Lazo.   
 

Of additional significance to Baynes Sound shellfish harvesters, the US Department of Food and 
Drug has recently started to conduct audits of shellfish harvesting areas, including Baynes Sound.  
In our stakeholders consultation meeting of January 27, 2011, representatives from shellfish 

growers and harvesters understandably articulated concerns about how their operations could 
potentially be impacted by US Department of Food and Drug’s assessment of a point of discharge 
in the vicinity of Baynes Sound.   

 

4 Dilution Modelling  

Preliminary dilution analysis has been carried out to predict the concentration of treated effluent as 

it travels away from the point of discharge using the U.S. Environmental Protection Agency 
(USEPA)7 computer modelling package, Visual Plumes, recommended by the MOE (MELP, 2000).  
The Visual Plumes model predicts the dilution of the treated effluent plume during the initial dilution 

and subsequent dispersion.   
 
The initial dilution of the treated effluent discharge occurs as a result of the dissipation of 

momentum and energy immediately after discharge and the entrainment associated with the 
buoyant rise of the plume.  The treated effluent discharge will continue to rise until the density of 
the plume reaches that of the surrounding water. The depth where this occurs is referred to as the 

“trapping depth”. Subsequent dispersion refers to the reduction in concentration as the treated 
effluent discharge mixes with the receiving environment through ambient turbulence as current 
moves the plume laterally.  

 
The treated effluent discharge was modeled to estimate the minimum dilution and the shallowest 
trapping depth, which are considered to be the two “worst case scenarios” for marine discharges. 

 
Note that this dilution modelling is based on conceptual outfall design and assumed ambient 
oceanographic conditions.  Site-specific oceanographic data will be required for more detailed 

dilution modelling as part of a Stage 2 Environmental Impact Study, which will be required as the 
project moves forward.  
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4.1 Model Inputs 

Dilution modeling of the treated effluent discharge has been carried out using factors known to be 
conservative with respect to anticipated oceanographic conditions in the marine environment, and 

the discharge flow itself.  (Refer to Worley Parsons Technical Memorandum8 for additional 
information.) 
 

4.1.1 Effluent / Outfall Parameters 

Two different discharge conditions were modelled: 
 

 Winter Conditions, consisting of:   
 

 2035 wet weather max day flow = 64 L/s (5,500 m3/d ) 

 2060 wet weather max day flow = 90 L/s (7,750 m3/d ) 

 Effluent discharge temperature = 7C (based on winter wastewater 
temperature of 12C, but with 5C heat recovery from treated effluent for 

beneficial reuse) 
 

 Summer Conditions, consisting of:   

 

 2035 dry weather average day flow = 34 L/s (2,900 m3/d ) 

 2060 dry weather average day flow = 50 L/s (4,300 m3/d ) 

 Effluent discharge temperature = 20C 
 

4.1.2 Ambient Parameters 

The treated effluent discharge was modeled for both summer and winter water column 
profiles (i.e. temperature and salinity) measured in the vicinity of Baynes Sound and Cape 
Lazo, and for both low current velocity and high current velocity conditions. The low current 

condition was assumed to be 0.05 m/s through the entire water column. The high current 
velocity condition used for Baynes Sound modeling is based on 0.75 m/s (as was used in 
the 2004 modeling by Komex) on the surface, reduced to 0.5 m/s below a depth of 10 m.  

This refinement was based on acoustic doppler current profile current measurements 
made as part of the Baynes Sound Carry Capacity Study8, carried out by Hay & Co (now 
EBA Engineering) for BC Ministry of Agriculture and Lands, which indicated that current 

velocity in the top 10 m is generally higher than velocities at depth.   
 
4.2 Model Results 

As summarized in Table 2, the results of the physical dilution modelling generally indicate that the 
lowest dilution occurs when higher flows are discharged into low current conditions.  Increased 

turbulence brought by high currents substantially increases the dilution, whereas seasonal 
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variations in the water column have a minor effect.  Over the 50 year modelling horizon, the 
minimum dilution is predicted to be approximately 230:1 at the edge of the 100 m IDZ.   

 
The results of the physical dilution modelling shows that the lowest trapping depth also occurs 
when higher flows are discharged into low current conditions, as summarized in Table 3.  

Increased turbulence brought by high currents increases the trapping depth, but seasonal 
variations in the water column only have a minor effect.  Over the 50 year modelling horizon, the 
minimum trapping depth is predicted to be approximately 12 m.   

 
Since shellfish harvesting inside this area of Baynes Sound is predominantly within the intertidal 
zone, interaction with shellfish bearing waters is predicted to be minimal.  Furthermore, the 

potential for interaction is further reduced by the fact that the nearest shellfish operations are 
approximately 1,200 m from the point of discharge.   
 

Table 2 
Predicted Dilution at 100 m (IDZ) 

 

 

Flow 

Winter  

(High Stratification) 

Summer  

(Low Stratification) 

High Current Low Current High Current Low Current 

Year 2035 

34 L/s 
(2,900 m3/d) 

1,034 : 1 522 : 1 1,538 : 1 475 : 1 

64 L/s 
(5,500 m3/d) 

828 : 1 319 : 1 1,206 : 1 292 : 1 

Year 2060 

50 L/s 

(4,300 m3/d) 
928 : 1 387 : 1 1,380 : 1 355 : 1 

90 L/s  

(7,750 m3/d) 
753 : 1 *, ** 252 : 1 1,097 : 1 230 : 1 * 

*  Minimum dilution at 400 m from the point-of-discharge is estimated at 947:1. 

** Minimum dilution at 1,000 m from the point-of-discharge is estimated at 1,789:1. 
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Table 3 
Plume Trapping Depth 

 

 

Flow 

Winter  

(High Stratification) 

Summer  

(Low Stratification) 

High Current Low Current High Current Low Current 

Year 2035 

34 L/s 

(2,900 m3/d) 
27 m 15 m 20 m 14 m 

64 L/s 

(5,500 m3/d) 
26 m 13 m 20 m 14 m 

Year 2060 

50 L/s 
(4,300 m3/d) 

26 m 14 m 20 m 14 m 

90 L/s  
(7,750 m3/d) 

25 m 12 m 19 m 13 m 

 

5 Wastewater Treatment Requirements 

5.1 MSR Requirement for Fecal Coliforms 

For a discharge to shellfish bearing waters otherwise meeting the MSR’s definition of “Open Marine 

Waters”, the most stringent of the discharge criteria presented in Table 1 is the requirement for 
fecal coliforms MPN < 14/100 mL.  The following illustrates how the physical dilution estimated by 
the model is used to calculate the fecal coliform concentration at the edge of the IDZ:   

 
 Fecal coliforms concentrations in effluent from conventional secondary treatment 

processes (without disinfection) can range from MPN 10,000 to 1,000,000/100 mL9.  Based 

on a physical dilution of 230:1, the fecal coliform count would be reduced from 10,000 to 
MPN of 43/100 mL at the IDZ.  As is evident, this would not meet the MPN < 14/100 mL 
criteria without additional treatment or disinfection.   

 
 Treated effluent having a total suspended solids concentration less than 10 mg/L is 

classified as “high-quality secondary effluent” (Part 3, Section 11, Schedule 3 of the MSR).  

A conservative estimation of the typical fecal coliform concentration anticipated in high-
quality secondary effluent would be less than 1,000/100 mL.  A 230:1 dilution would reduce 
the fecal coliform count to an MPN of 4 /100 mL at the IDZ.   

 
 The MSR provides permitted uses and standards for treated wastewater to be suitable for 

reuse in Part 3, Section 10.  For both “unrestricted public access” and “restricted public 

access” (Schedule 2), disinfection is a required process because of its effectiveness in 
reducing the number of fecal coliform organisms.  Treated effluent meeting the 
requirements of “restricted public access” is required to have a fecal coliform 
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MPN<200/100 mL without dilution, whereas fecal coliforms are required to be 
MPN<2.2/100 mL for “unrestricted public access”.   

 
Disinfection processes downstream of secondary treatment are commonly used to reduce the 
numbers of bacteria remaining, and to kill or inactivate pathogens assumed to be present before 

discharging treated wastewater into the receiving environment. Chlorine and ultraviolet irradiation 
are the most prevalent disinfection technologies used for wastewater treatment.  Disinfection is 
required to produce reclaimed water meeting the Part 3, Section 10 fecal coliform requirements for 

both “unrestricted public access” and “restricted public access”.   
 
5.2 Appropriate Wastewater Treatment Technology 

In consideration of the importance of safeguarding shellfish resources, public health, and the 
receiving environment as a whole in the vicinity of Point-of-Discharge #2 into Baynes Sound, and in 

consideration of the wastewater treatment requirements established above, we believe that it is 
appropriate to consider Membrane Bioreactor Treatment (MBR) with Disinfection.   
 

MBR treatment reliably produces a very high-quality effluent exceeds all proposed requirements in 
the MSR and the new federal WSER.  Furthermore, MBR treatment with UV disinfection would 
meet the non-potable reuse application requirements of Section 10, Schedule 2 of the MSR for 

“unrestricted public access.  It would also provide an effluent quality suitable for the full range of 
Integrated Resource Recovery alternatives (off-site effluent heat recovery and reclaim water use) 
that have been identified for the South Region of the CVRD. 

 
This is not the only technology or treatment scheme that could achieve the wastewater treatment 
requirements; it is a representative technology that that meets the objectives of this study and 

provides a basis for the TBL analysis.  A final treatment technology evaluation will be undertaken at 
the preliminary design stage, when it can be based on the results of detailed and site-specific 
oceanographic dilution modelling.   

 

6 Summary 

The proposed Point-of-Discharge #2 is located in Baynes Sound, mid-way between the eastern 

shoreline of Royston and the western tip of Sandy Island.  The seabed at this location is 
approximately 33 m below hydrographic datum.  Based on the available information, Point-of-
Discharge #2 is approximately 1,200 m from the nearest shellfish harvesting operation.    

 
The concept under consideration is a 400 mm diameter high-density polyethylene pipe, weighted to 
the bottom with concrete collars, and terminating in diffuser port(s) that would be designed to 

enhance the initial dilution.   
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Modelling was carried out using factors believed to be conservative with respect to anticipated 
oceanographic conditions in the marine discharge environment, and the discharge flow itself.  The 

results of the modelling indicate the following: 
 
 The minimum dilution is approximately 230:1 at the edge of the 100 m IDZ using the 50 

year design horizon, when higher flows are discharged into low current conditions 
 Minimum dilution at 400 m from the point-of-discharge is estimated at 947:1, when higher flows are 

discharged into low current conditions. 

 Minimum dilution at 1,000 m from the point-of-discharge is estimated at 1,789:1, when higher flows 
are discharged into low current conditions. 

 Seasonal variations in the water column have a minor effect. 

 The plume trapping depth is predicted to be at least 11.5 m. 
 
Based on the results of the preliminary modelling and the importance of safeguarding shellfish 

resources, public health, and the receiving environment as a whole in the vicinity of Point-of-
Discharge #2, MBR treatment with UV disinfection is a representative technology that will be 
carried forward into the structured TBL analysis that is the next phase of this study.  A final 

treatment technology evaluation will be undertaken at the preliminary design stage, when it can be 
based on the results of detailed and site-specific oceanographic dilution modelling.   
 

MBR treatment with UV disinfection would meet the non-potable reuse application requirements of 
Section 10, Schedule 2 of the MSR for “unrestricted public access.  It would also provide an 
effluent quality suitable for the full range of Integrated Resource Recovery alternatives that have 

been identified for the South Region of the CVRD.   
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1 Overview 

This discussion paper provides an overview of considerations for a marine discharge of treated 
wastewater from the South Region of the Comox Valley Regional District (CVRD) into Georgia 

Strait East of Comox Bar (Point-of-Discharge #3).  The results of preliminary dilution modeling of 
the proposed discharge are presented, and evaluated alongside our understanding of the 
applicable regulations.  The objective is not to make a decision regarding specific treatment 

processes or technologies, but rather to establish a representative treatment technology(s) that 
would reliably produce a treated effluent of suitable quality for protection of public health, shellfish 
resources, and the receiving environment as a whole.   

 
This Discussion Paper is a companion to Discussion Paper 1A-1.  Reference is made to the same 
section in Discussion Paper 1A-1 where entire sections would otherwise be repeated.   

 

2 Description of Area 

2.1 Location 

The proposed Point-of-Discharge #3 is located east of Comox Bar, approximately 6.75 km east of 
Gartley Point and 5.25 km due north of the northern tip of Denman Island, as shown in Figures 1 

and 2.  The seabed at this location is approximately 70 m below hydrographic datum.  Tidal 
currents in the vicinity are influenced by both flood and ebb tides.  Based on the available 
information, Point-of-Discharge #3 is approximately 1,300 m from the nearest known shellfish 

harvesting operations, including harvesting tenures held by the K’omox First Nation, the precise 
location of which is confidential. 
 

The concept under consideration is a 500 mm diameter high-density polyethylene (HDPE) pipe, 
weighted to the bottom with concrete collars, and terminating in a diffuser that would be designed 
to maximize the dilution and prevent marine life, sand or other materials from entering the pipeline.   
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In addition to crossing northern Baynes Sound, the discharge pipeline would also have to cross 
Comox Bar.  The details of this section of the pipeline would be challenging and likely require a 

system for releasing air that could accumulate in this high point in the alignment.   
 
According to the definition provided in the BC MSR, Point-of-Discharge #3 is classified as “Open 

Marine Waters” (as opposed to “embayed”) because it lies outside of “a line up to 6 km long drawn 
between any two points on a continuous coastline.”  (A similar preliminary dilution analysis was 
carried out in 2004 by Koers Associates and Komex International Ltd.  In this study, one of the 

points of discharge considered was in Georgia Strait east of Comox Bar, but in shallower water.)   
 
2.2 Shellfish Resources and Area Classifications 

Refer to Discussion Paper 1A-1. 
 

3 Regulatory Framework 

3.1 Provincial Regulation 

Refer to Discussion Paper 1A-1. 
 
3.2 Federal Regulation 

Refer to Discussion Paper 1A-1. 
 
3.3 Harmonization of Provincial and Federal Regulations 

Refer to Discussion Paper 1A-1. 

 
3.4 Programs for Shellfish Protection 

Refer to Discussion Paper 1A-1. 
 

4 Dilution Modelling 

Refer to Discussion Paper 1A-1. 
 
4.1 Model Inputs 

Refer to Discussion Paper 1A-1. 
 

4.1.1 Effluent / Outfall Parameters 

Refer to Discussion Paper 1A-1. 
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4.1.2 Ambient Parameters 

The treated effluent discharge was modeled for both summer and winter water column 

profiles (i.e. temperature and salinity) and current velocities measured in the vicinity of the 
Cape Lazo outfall, as this was the best information available for the region.   

 
4.2 Model Results 

As summarized in Table 2, the results of the physical dilution modelling generally indicate that the 

lowest dilution occurs when higher flows are discharged into low current conditions.  Increased 
turbulence brought by high currents substantially increases the dilution.  During low current 
situations, dilutions were significantly better during summer ambient conditions compared to the 

assumed winter water column where dilution is predicted to be its lowest.  Over the 50 year 
modelling horizon, the minimum dilution is predicted to be approximately 423:1 at the edge of the 
100 m IDZ.   

 
The results of the physical dilution modelling shows that the lowest trapping depth occurs when 
higher flows are discharged into the summer ambient water column conditions, during periods of 

low current, as demonstrated in Table 3.  Over the 50 year modelling horizon, the minimum 
trapping depth is predicted to be approximately 17 m.   
 

Since shellfish harvesting is actively practiced to a depth of 20 m in the vicinity of Comox Bar, 
interaction with shellfish bearing waters is possible.  The significance of this interaction is reduced 
by the fact that the nearest shellfish operations are approximately 1,300 m from the point of 

discharge.   
 

Table 2 
Predicted Dilution at 100 m (IDZ) 

 

 

Flow 

Winter  
(High Stratification) 

Summer  
(Low Stratification) 

High Current Low Current High Current Low Current 

Year 2035 

34 L/s 
(2,900 m3/d) 

1,632 : 1 869 : 1 1,632 : 1 1,878 : 1 

64 L/s 
(5,500 m3/d) 

1,281 : 1 535 : 1 1,279 : 1 1,047 : 1 

Year 2060 

50 L/s 
(4,300 m3/d) 

1,436 : 1 648 : 1 1,436 : 1 1,310 : 1 

90 L/s  
(7,750 m3/d) 

1,165 : 1 423 : 1 *, ** 1,141 : 1 776 : 1 

*  Minimum dilution at 400 m from the point-of-discharge is estimated at 1,639:1. 

** Minimum dilution at 1,000 m from the point-of-discharge is estimated at 5,319:1. 
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Table 3 
Plume Trapping Depth 

 

 

Flow 

Winter  

(High Stratification) 

Summer  

(Low Stratification) 

High Current Low Current High Current Low Current 

Year 2035 

34 L/s 
(2,900 m3/d) 

47 m 42 m 47 m 19 m 

64 L/s 
(5,500 m3/d) 

44 m 40 m 38 m 18 m 

Year 2060 

50 L/s 
(4,300 m3/d) 

44 m 41 m 42 m 19 m 

90 L/s  
(7,750 m3/d) 

44 m 39 m 32 m 17 m 

 

5 Wastewater Treatment Requirements 

5.1 MSR Requirement for Fecal Coliforms 

For a discharge to shellfish bearing waters otherwise meeting the MSR’s definition of “Open Marine 
Waters”, the most stringent of the discharge criteria presented in Table 1 is the requirement for 
fecal coliforms MPN < 14/100 mL.  The following illustrates how the physical dilution estimated by 

the model is used to calculate the fecal coliform concentration at the edge of the IDZ:   
 
 Fecal coliforms concentrations in effluent from conventional secondary treatment 

processes (without disinfection) can range from MPN 10,000 to 1,000,000/100 mL9.  Based 
on a physical dilution of 423:1, the fecal coliform count would be reduced from 10,000 to 
MPN of 24/100 mL at the IDZ.  As is evident, this would not meet the MPN < 14/100 mL 

criteria without additional treatment or disinfection.   
 
 Treated effluent having a total suspended solids concentration (TSS) less than 10 mg/L is 

classified as “high-quality secondary effluent”, in Part 3, Section 11, Schedule 3 of the 
MSR.  A conservative estimation of the typical fecal coliform concentration anticipated in 
high-quality secondary effluent would be less than 1,000/100 mL.  A 423:1 dilution would 

reduce the fecal coliform count to an MPN of 2 /100 mL at the IDZ.    
 
 The MSR provides permitted uses and standards for treated wastewater to be suitable for 

reuse in Part 3, Section 10.  For both “unrestricted public access” and “restricted public 
access” (Schedule 2), disinfection is a required process because of its effectiveness in 
reducing the number of fecal coliform organisms.  Treated effluent meeting the 
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requirements of “restricted public access” is required to have a fecal coliform 
MPN<200/100 mL without dilution, whereas fecal coliforms are required to be 

MPN<2.2/100 mL for “unrestricted public access”.   
 

Disinfection processes downstream of secondary treatment are commonly used to reduce the 

numbers of bacteria remaining, and to kill or inactivate pathogens assumed to be present before 
discharging treated wastewater into the receiving environment. Chlorine and ultraviolet irradiation 
are the most prevalent disinfection technologies used for wastewater treatment.  Disinfection is 

required to produce reclaimed water meeting the Part 3, Section 10 fecal coliform requirements for 
both “unrestricted public access” and “restricted public access”.   
 
5.2 Appropriate Wastewater Treatment Technologies 

In consideration of the importance of protecting the shellfish resources, the receiving environment 

as a whole in the vicinity of Point-of-Discharge #3, but due to the higher dilution available and 
increased depth at this location compared to Point-of-Discharge #2, we believe that it is appropriate 
to consider High-Rate Activated Sludge (HRAS) Treatment with Disinfection.   

 
This is the treatment technology in use at the Comox Valley Water Pollution Control Centre 
(CVWPCC), but with the addition of effluent disinfection.  It is a treatment scheme that responds 

appropriately to the requirements of both the MSR and the new federal WSER, as summarized in 
Table 1.  Disinfection of HRAS effluent would be expected to meet the Part 3, Section 10 
requirements for “restricted public access”, suitable for agricultural irrigation.   

 
This is not the only technology or treatment scheme that could achieve the wastewater treatment 
requirements; it is a representative technology that that meets the objectives of this study and 

provides a basis for the TBL analysis.  A final treatment technology evaluation will be undertaken at 
the preliminary design stage, when it can be based on the results of detailed and site-specific 
oceanographic dilution modelling.   

 

6 Summary 

The proposed Point-of-Discharge #3 is located east of Comox Bar, approximately 6.75 km east of 

Gartley Point and 5.25 km due north of the northern tip of Denman Island.  The seabed at this 
location is approximately 70 m below hydrographic datum.  Based on the available information, 
Point-of-Discharge #3 is approximately 1,300 m from the nearest known shellfish harvesting 

operations.   
 
The concept under consideration is a 500 mm diameter high-density polyethylene (HDPE) pipe, 

weighted to the bottom with concrete collars, and terminating in a diffuser that would be designed 
to maximize the dilution.  The alignment of the discharge pipeline would be challenging, because it 
would first have to cross northern Baynes Sound and then it would also have to cross Comox Bar.  
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The details of this section of the pipeline would require a system for releasing air that could 
accumulate in this high point in the alignment.   

 
Modelling was carried out using factors believed to be conservative with respect to anticipated 
oceanographic conditions in the marine discharge environment, and the discharge flow itself.  The 

results of the modelling indicate the following: 
 
 The minimum dilution is approximately 423:1 at the edge of the 100 m IDZ. 

 Minimum dilution at 400 m from the point-of-discharge is estimated at 1,639:1 
 Minimum dilution at 1,000 m from the point-of-discharge is estimated at 5,319:1 
 The lowest dilution occurs when higher flows are discharged into low current conditions. 

 During low current situations, dilutions were significantly better during summer ambient 
conditions compared to the assumed winter water column where dilution is predicted to be 
its lowest. 

 The plume trapping depth is predicted to be at least 17 m.   
 
Based on the results of the preliminary modelling and the importance of protecting shellfish 

resources, the receiving environment as a whole in the vicinity of Point-of-Discharge #3, HRAS 
treatment with disinfection is a representative technology that will be carried forward into the 
structured triple bottom line analysis that is the next phase of this study.  A final treatment 

technology evaluation will be undertaken at the preliminary design stage, when it can be based on 
the results of detailed and site-specific oceanographic dilution modelling.   
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1 Overview 

This discussion paper provides an overview of considerations for a marine discharge of treated 
wastewater from the South Region of the Comox Valley Regional District (CVRD) into Georgia 

Strait East off Cape Lazo (Point-of-Discharge #4).  The results of preliminary dilution modeling of 
the proposed discharge are presented, and evaluated alongside our understanding of the BC 
Municipal Sewage Regulation (MSR)1 and the new federal Wastewater Systems Effluent 

Regulations (WSER)2, expected to come into effect in mid-2011.   
 
The discharge quality required at Point-of-Discharge #4 combined with a suitable treatment 

technology(s) will be used to inform a Triple Bottom Line (TBL) analysis of short-listed scenarios for 
the collection, treatment, and discharge of wastewater from the CVRD’s South Region including the 
communities of Royston and Union Bay, and the Village of Cumberland.   

 
Our approach in selecting a suitable treatment technology(s) will consider the discharge quality 
required to reliably meet the regulations, and the importance of protecting public health, shellfish 

resources, and the receiving environment as a whole.   
 
This Discussion Paper is a companion to Discussion Paper 1A-1 and 1A-2.  Reference is made to 

the same section in Discussion Paper 1A-1 where entire sections would otherwise be repeated.   
 

2 Description of Area 

2.1 Location 

The proposed Point-of-Discharge #4 is located in Georgia Strait approximately 3,000 m east from 

Cape Lazo, as shown in Figures 1 and 2.  The seabed at this location is approximately 60 m below 
hydrographic datum.  The exact proximity of the nearest shellfish harvesting is not known, but is 
believed to be greater than 1,000 m from Point-of-Discharge #4.  K’omox First Nation holds 

shellfish harvesting tenures in the general area, the precise location of which is confidential.  For 
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additional information, refer to the Comox Valley Water Pollution Control Centre Outfall, Stage II 
Environmental Impact Study, July 2010, by Worley Parsons10.   

 
For the purposes of this analysis, the discharge pipeline would extend east from Cape Lazo 
alongside the existing outfall from the Comox Valley Water Pollution Control Centre Outfall 

(CVWPCC), and would terminate at the same approximate location as the terminus of the existing 
CVWPCC outfall.   
 

The concept under consideration is a 400 mm diameter high-density polyethylene (HDPE) pipe, 
weighted to the bottom with concrete collars, and terminating in a diffuser that would be designed 
to maximize the dilution and prevent marine life, sand or other materials from entering the pipeline.   

 
2.2 Shellfish Resources and Area Classifications 

Refer to Discussion Paper 1A-1, and the Stage II Environmental Impact Study, July 2010, by 
Worley Parsons10 . 
 

3 Regulatory Framework 

3.1 Provincial Regulation 

Refer to Discussion Paper 1A-1. 
 
3.2 Federal Regulation 

Refer to Discussion Paper 1A-1. 
 
3.3 Harmonization of Provincial and Federal Regulations 

Refer to Discussion Paper 1A-1. 

 
3.4 Programs for Shellfish Protection 

Refer to Discussion Paper 1A-1. 
 

4 Dilution Modelling 

Refer to Discussion Paper 1A-1. 
 
4.1 Model Inputs 

Dilution modeling of the treated effluent discharge has been carried out using factors known to be 
conservative with respect to anticipated oceanographic conditions in the marine environment, and 

the discharge flow itself.  
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Dilution modelling was carried out using a total flow that represents the future flow from the South 
Region WWTP added to the max-day flow of 837 L/s (72,300 m3/d) from the CVWPCC.   

 
4.1.1 Effluent / Outfall Parameters 

Two different discharge conditions were modelled: 

 

 Winter Conditions, consisting of:   
 

 2035 wet weather max day flow = 900 L/s (77,800 m3/d ) 

 2060 wet weather max day flow = 926 L/s (80,050 m3/d ) 

 Effluent discharge temperature = 15C (estimated temperature of 

combined CVWPCC treated effluent, and South Region WWTP treated 
effluent after heat recovery) 

 

 Summer Conditions, consisting of:   
 

 2035 dry weather average day flow = 870 L/s (75,200 m3/d ) 

 2060 dry weather average day flow = 887 L/s (76,600 m3/d ) 

 Effluent discharge temperature = 15C (estimated temperature of 
combined CVWPCC and South Region WWTP treated effluent) 

 
4.1.2 Ambient Parameters 

The combined CVWPCC and South Region WWTP treated effluent discharge was 

modeled for both summer and winter water column profiles (i.e. temperature and salinity) 
and actual current velocities measured in the vicinity of the Cape Lazo outfall.   

 
4.2 Model Results 

As summarized in Table 2, the results of the physical dilution modelling generally indicate that the 

lowest dilution occurs in the summer during low current conditions.  Increased turbulence brought 
by high currents substantially increases the dilution.  Over the 50 year modelling horizon, the 
minimum dilution is predicted to be approximately 174:1 at the edge of the 100 m IDZ.   

 
The results of the physical dilution modelling shows that the lowest trapping depth occurs in the 
winter during low current conditions, as demonstrated in Table 3.  Over the 50 year modelling 

horizon, the minimum trapping depth is predicted to be approximately 31 m.   
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Table 2 
Predicted Dilution at 100 m (IDZ) 

 

 

Flow 

Winter  

(High Stratification) 

Summer  

(Low Stratification) 

High Current Low Current High Current Low Current 

Year 2035 

870 L/s  

(75,200 m3/d) 
1,544 : 1 526 : 1 600 : 1 180 : 1 

900 L/s 

(77,800 m3/d) 
1,535 : 1 516 : 1 587 : 1 177 : 1 

Year 2060 

887 L/s 
(76,600 m3/d) 

1,554 : 1 520 : 1 593 : 1 178 : 1 

926 L/s 
(80,050 m3/d) 

1,501 : 1 508 : 1 579 : 1 174 : 1 *, ** 

*  Minimum dilution at 400 m from the point-of-discharge is estimated at 305:1. 

** Minimum dilution at 1,000 m from the point-of-discharge is estimated at 671:1. 

 

Table 3 
Plume Trapping Depth 

 

 

Flow 

Winter  

(High Stratification) 

Summer  

(Low Stratification) 

High Current Low Current High Current Low Current 

Year 2035 

870 L/s  

(75,200 m3/d) 
51 m 32 m 57 m 50 m 

900 L/s 
(77,800 m3/d) 

51 m 32 m 57 m 50 m 

Year 2060 

887 L/s 
(76,600 m3/d) 

51 m 32 m 57 m 50 m 

926 L/s 
(80,050 m3/d) 

51 m 31 m 57 m 50 m 

 

5 Wastewater Treatment Requirements 

5.1 MSR Requirement for Fecal Coliforms 

For a discharge to shellfish bearing waters otherwise meeting the MSR’s definition of “Open Marine 
Waters”, the most stringent of the discharge criteria presented in Table 1 is the requirement for 
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fecal coliforms MPN <14/100 mL.  The following illustrates how the physical dilution estimated by 
the model is used to calculate the fecal coliform concentration at the edge of the IDZ:   

 
 Fecal coliforms concentrations in effluent from conventional secondary treatment 

processes (without disinfection) can range from MPN 10,000 to 1,000,000/100 mL9.  Based 

on a physical dilution of 174:1, the fecal coliform count would be reduced from 10,000 to 
MPN of 57/100 mL at the IDZ.  As is evident, this would not meet the MPN<14/100 mL 
criteria without additional treatment or disinfection.   

 
 Treated effluent having a total suspended solids concentration (TSS) less than 10 mg/L is 

classified as “high-quality secondary effluent”, in Part 3, Section 11, Schedule 3 of the 

MSR.  A conservative estimation of the typical fecal coliform concentration anticipated in 
high-quality secondary effluent would be less than 1,000/100 mL.  A 174:1 dilution would 
reduce the fecal coliform count to an MPN of 6/100 mL at the IDZ.    

 
 The MSR provides permitted uses and standards for treated wastewater to be suitable for 

reuse in Part 3, Section 10.  For both “unrestricted public access” and “restricted public 

access” (Schedule 2), disinfection is a required process because of its effectiveness in 
reducing the number of fecal coliform organisms.  Treated effluent meeting the 
requirements of “restricted public access” is required to have a fecal coliform 

MPN<200/100 mL without dilution, whereas fecal coliforms are required to be 
MPN<2.2/100 mL for “unrestricted public access”.   

 

Disinfection processes downstream of secondary treatment are commonly used to reduce the 
numbers of bacteria remaining, and to kill or inactivate pathogens assumed to be present before 
discharging treated wastewater into the receiving environment. Chlorine and ultraviolet (UV) 

irradiation are the most prevalent disinfection technologies.  Disinfection is required to produce 
reclaimed water meeting the fecal coliform requirements for both “unrestricted public access” and 
“restricted public access”.   

 
5.2 Appropriate Wastewater Treatment Technologies 

In consideration of the results of the dilution modelling and within the context of the existing Cape 
Lazo outfall from the CVWPCC, it is appropriate to consider High-Rate Activated Sludge (HRAS) 
Treatment with Disinfection.  It is a treatment scheme that responds appropriately to the 

requirements of both the MSR and the new federal WSER, as summarized in Table 1.   
HRAS is the treatment technology in use at the CVWPCC.  The addition of disinfection is based on 
the results of preliminary dilution modelling.  Disinfection of HRAS effluent would be expected to 

meet the Part 3, Section 10 requirements for “restricted public access”, suitable for agricultural 
irrigation.   
 

This is not the only technology or treatment scheme that could achieve the wastewater treatment 
requirements; it is a representative technology that that meets the objectives of this study and 
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provides a basis for the TBL analysis.  A final treatment technology evaluation will be undertaken at 
the preliminary design stage, when it can be based on the results of detailed and site-specific 

oceanographic dilution modelling.   
 

6 Summary 

The proposed Point-of-Discharge #4 is located in Georgia Strait approximately 300 m east of Cape 
Lazo.  The seabed at this location is approximately 60 m below hydrographic datum.  The proximity 
of the nearest shellfish harvesting is not known precisely, but is believed to be greater than 1,000 

m from Point-of-Discharge #4.   
 
The concept under consideration is a 400 mm diameter high-density polyethylene (HDPE) pipe, 

weighted to the bottom with concrete collars, and terminating in a diffuser that would be designed 
to maximize the dilution.   
 

Modelling was carried out using factors believed to be conservative with respect to anticipated 
oceanographic conditions in the marine discharge environment, and the discharge flow itself.  The 
results of the modelling indicate the following: 

 
 The physical dilution modelling generally indicates that the lowest dilution occurs in the 

summer during low current conditions.  Increased turbulence brought by high currents 

substantially increases the dilution.   
 Over the 50 year modeling horizon, the minimum dilution is predicted to be approximately 

174:1 at the edge of the 100 m IDZ. 

 Minimum dilution at 400 m from the point-of-discharge is estimated at 305:1. 
 Minimum dilution at 1,000 m from the point-of-discharge is estimated at 671:1. 
 The lowest trapping depth occurs in the winter during low current conditions.  Over the 50 

year modeling horizon, the minimum trapping depth is predicted to be approximately 31 m.   
 
In consideration of the results of the dilution modelling and within the context of the existing Cape 

Lazo outfall from the CVWPCC (which provides HRAS treatment), HRAS treatment with 
disinfection responds appropriately to the requirements of both the MSR and the new federal 
WSER and is the representative technology that will be carried forward into the structured triple 

bottom line analysis that is the next phase of this study.  A final treatment technology evaluation will 
be undertaken at the preliminary design stage, when it can be based on the results of detailed and 
site-specific oceanographic dilution modelling.   
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1 Overview 

Wastewater treatment facilities produce organic residuals as a by-product of the treatment process.  
Energy can be extracted from these residuals through a variety of processes.  These processes 

include anaerobic digestion for the creation of biogas and energy recovery via various methods of 
thermal reduction.    
 

This discussion paper provides an overview of energy recovery from treatment plant residuals and 
looks at the energy extraction possibilities for the South Region of the Comox Valley Regional 
District (CVRD).   

 
1.1 Energy Recovery Categories 

Energy recovery processes utilized for wastewater treatment plant (WWTP) residuals can be 
broadly classified as either anaerobic digestion processes or thermal reduction processes.   

 
Anaerobic Digestion: Anaerobic digestion processes recover energy in the form of biogas, which 
can be used in a variety of applications, from combined heat and electricity generation to 

renewable natural gas and vehicle fuels.  Organic residuals remaining after digestion are classified 
as stabilized biosolids, which, as part of an integrated residuals management program, can provide 
a variety of beneficial reuses.   

 
Thermal Reduction: Thermal reduction processes generally recover energy in the form of heat 
and electricity.  Many thermal reduction initiatives lend themselves towards integration with 

management of municipal solid waste.  There are fewer residuals remaining after thermal reduction 
and the requirements for residuals management are typically more straightforward.   
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1.2 Anaerobic Digestion and Biogas Utilization  

Anaerobic digestion is an established process that produces biogas, which has a wide variety of 
beneficial re-use options, including heat, electrical energy, and as a replacement for natural gas or 

vehicle fuels.   
 
Anaerobic digestion of wastewater residual sludges is a bacterial process that takes place in a 

closed vessel, in the absence of oxygen at temperatures of either 30 to 38 C or 50 to 57 C.  During 
the digestion process, the biogas produced is composed of approximately 60% methane and 40% 
carbon dioxide and other gases.   

 
Traditionally, biogas has been used to heat the digesters’ contents and provide heat to other areas 
of the treatment plant.  Biogas can also be utilized to fuel internal combustion engines that drive 

electric generators.  Energy is recovered as electrical energy generated and as heat from waste 
heat.  These “cogeneration” (or “cogen”) systems typically convert approximately 35% of the 
energy in the biogas to electricity and about 45% to heat.  This reduces the dependency of the 

treatment facility on outside energy sources, like natural gas.  During the colder months, the heat 
can be used to heat the plant and the digester contents; in the warmer months there is commonly 
an excess of available heat.   

 
Recently, cogeneration has expanded beyond internal combustion engines to include other devices 
such as micro-turbines (external combustion engines) and fuel cells (that convert the methane to 

hydrogen and then to electricity).  In all cases, heat is a by-product that can be extracted for 
beneficial reuse, and pre-treatment of the biogas is required.   
 

In Europe, biogas is utilized as a renewable substitute for natural gas or as fuel for vehicles.  In 
both cases, pre-treatment of the biogas is needed for its intended use.   
 

Historically, the decision to implement anaerobic digestion at wastewater treatment facilities, with 
some form of energy recovery, was made on a relatively simple economic basis.  The costs were 
such that only larger treatment facilities had the economy-of-scale necessary to justify the 

investment in anaerobic digestion and energy recovery.  More recently, however, digesters are 
being implemented in mid-sized treatment facilities, including the following examples: 
 

 City of Red Deer, AB (32 ML/d) 
 City of Lethbridge, AB (49 ML/d) 
 Regional District of Nanaimo, BC, Greater Nanaimo Pollution Control Centre (GNPCC) 

(~ 30 ML/d) 
 City of Chilliwack, BC (~ 18 ML/d) 

 

All of these facilities produce biogas in mesophilic (~ 38 C) digesters.  Energy is recovered by 
using the biogas to fuel boilers that supply heat to the anaerobic digesters, and to provide heat for 
treatment facility buildings. 
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The Regional District of Nanaimo has recently implemented cogen at the GNPCC, which will allow 
it to utilize all of their produced biogas.  Because the cost of electricity remains relatively 

inexpensive, the GNPCC project would not have been economically feasible without senior 
government funding.   
 

The Comox Valley Water Pollution Control Centre (CVWPPC) services an approximate population 
of 50,000.  Although anaerobic digestion was originally planned for the facility back in the late 
1970s, the CVRD opted instead to produce a composted soil amendment by composting the 

wastewater treatment residuals.   
 
1.3 Energy Recovery by Thermal Reduction of Residuals 

Thermal reduction, used in the context of energy recovery, can take various forms, including the 

following: 
 
 Fuel for cement kilns 

 Co-combustion with municipal solid waste 
 Fluidized bed combustion 
 Gasification/pyrolysis 

 
1.3.1 Fuel for Cement Kilns 

Cement manufacturing kilns use massive quantities of natural gas and/or fuel oil to convert 

the raw limestone to Portland cement powder.  Consequently, cement kilns are major 
sources of greenhouse gases such as carbon dioxide.  Dewatered and dried biosolids 
have a caloric value approaching that of low-grade coal and have been successfully used 

to supplement coal in some cement kilns.  As cement kiln operations seek to reduce their 
carbon footprint, substituting dried biosolids for coal offers attractive greenhouse gas 
credits because they are classified as renewable.   

 
1.3.2 Co-combustion with Municipal Solid Waste 

Some waste-to-energy (WTE) facilities recover heat from municipal solid waste (MSW) 

through thermal reduction.  The heat generated is captured by tubes in the boiler walls and 
the resulting steam is used to drive steam turbine generators to create electricity.  Excess 
heat and/or steam can be utilized off site.  At Metro Vancouver’s MSW WTE facility in 

Burnaby, waste heat is sold to a nearby paperboard manufacturer. 
 

Most WTE facilities can also generate heat from dewatered biosolids.  Depending on the 
facility design, biosolids dewatered to 28% solids are acceptable up to approximately 20% 
of the overall biosolids-MSW mix.  This could be increased by additional drying of the 

biosolids beforehand.  This drying could be accomplished through mechanical drying with 
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external energy input or through biological drying, i.e. composting with chipped wood 
waste. 

 
1.3.3 Fluidized Bed Combustion 

Fluidized Bed Combustion (FBC) involves injecting the dewatered biosolids into a bed of 

extremely hot sand that is heated by an external fuel source, e.g. natural gas and kept in 
air suspension (“fluidized”) by a powerful fan system.  The organics in the biosolids are 
combusted, raising the temperature of the flue gases.  Excess heat in the flue gases can 

be harnessed to produce steam to drive steam turbine generators. 
 
1.3.4 Gasification/Pyrolysis 

Gasification and pyrolysis are newer thermal reduction options and are still, to some 
degree, under development.  Each utilizes high heat and pressure and minimal oxygen to 
convert organics in biosolids into a synthetic gas that can be used to fuel systems that 

generate electricity and heat.  In some cases, the gas can be cleaned to the point that it 
can be used as a substitute for natural gas.  Both gasification and pyrolysis require that 
biosolids are pre-dried to approximately 90% solids.  There are currently a very limited 

number of gasification/pyrolysis systems in operation that use biosolids as a source fuel.   
 

1.4 Technological Development and Regulatory Trends 

Technological innovations are continually being made to improve both anaerobic digestion 

processes and thermal reduction processes.  As these improvements progress from their 
embryonic phase into viable implementation, municipal planners and regulators alike are following 
these developments closely, with considerable interest.   

 
Developments in technology offer a variety of attractive opportunities in biosolids management and 
present local governments with a number of possible options for biosolids management.  To some 

extent, the selection of energy recovery from biosolids precludes a program of beneficial reuse of 
biosolids.  Evaluating the full spectrum of local opportunities is key in the development and ongoing 
refinement of a biosolids management plan.   

 

2 Potential for CVRD South Region 

The potential for energy recovery from wastewater treatment residuals is somewhat proportional to 
the population serviced and the size of a wastewater treatment facility.  Anaerobic digestion is an 

attractive energy recovery opportunity, but requires a minimum service population of about 40,000 
to be economically viable.  A new South Region Sewage System is likely to service a population of 
10,000 to 20,000 in the initial 20 years of operation.  As such, organic loadings in the new system 

will be insufficient to pursue any of the various energy recovery technologies presented in this 
discussion paper.   
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The combined service population of a South Region WWTP with the CVWPCC will approach 
70,000 in the next 20 years.  If the CVRD did not already have a successful SkyRocket biosolids 

composting facility in place, energy recovery opportunities for biosolids from a South Region 
WWTP, together with the CVWPCC, would be potentially interesting.  Energy recovery would be 
even more interesting if organic municipal solid wastes and/or restaurant fats/oils/greases were 

added to the mix. 
 
In the meantime, the most favourable Integrated Resource Recovery opportunity for residuals from 

a South Region WWTP is as feed stock for the SkyRocket facility.  A suitable tipping fee for 
disposal of South Region WWTP dewatered residuals would be determined based on an equitable 
apportioning of the capital and operating costs of the SkyRocket Facility.  

 
2.1 Heat Recovery from Composting 

The composting process is exothermic.  Some of the heat generated is needed to raise the 
temperature of the composting process.  However, considerable excess heat is generated.  

Although we are not aware of any biosolids composting operations that presently capture and 
reuse waste heat, this is an interesting possibility for future consideration.   
 

3 Summary 

A new South Region Sewage System will service a population of only 10,000 to 20,000 in the initial 
20 years of operation.  As such, the quantity of organic residuals will be insufficient to pursue 
independent energy recovery alternatives.   

 
The most favourable IRR utilization opportunity for residuals from a South Region WWTP is as 
feed stock for the SkyRocket facility.  The SkyRocket Facility is the cornerstone of the CVRD’s 

regional biosolids management program, and is an excellent example of successful Integrated 
Resource Recovery.  It meets all regulatory requirements for distribution of Class A biosolids, and 
provides a valuable composted soil amendment to CVRD communities.  A suitable tipping fee for 

disposal of South Region WWTP dewatered residuals would be determined based on an equitable 
apportioning of the capital and operating costs of the SkyRocket Facility.   
 

Presently, excess heat produced in the composting process at the SkyRocket Facility is wasted.  
Although we are not aware of any composting facilities that recover excess heat for beneficial 
reuse, this is a possibility for future consideration.   

 
Energy recovery alternatives could warrant re-evaluation in the future, when the combined 
population served by the CVWPCC and the South Region WWTP approaches something in the 

neighbourhood of 75,000.  A higher cost for energy and improvements in energy recovery 
technologies would be expected to impact the evaluation at that time.   
 



DISCUSSION PAPER  

Comox Valley Regional District 
South Regional Sewage System Study 
 

Discussion Paper 1B-2, Integrated Resource Recovery Opportunities -- 
Nutrient Recovery from Wastewater and Residuals 

Prepared by:  Tom Robinson, Jonathan Musser 

Reviewed by: Leif Marmolejo 

Issued:   April 22, 2011 

Previous Issue: March 18, 2011, January 19, 2011 

 

 

1 Overview 

This Discussion Paper provides an overview of nutrient recovery practices in the context of 
wastewater management, as a valuable resource with beneficial reuse.  It also provides an 

overview of technologies that can be applied to recover nutrients, and specifically to recover 
phosphorus from wastewater for beneficial reuse.  The potential applicability of the various nutrient 
recovery alternatives is also presented within the context of the South Region of the Comox Valley 

Regional District (CVRD).   
 
The removal of phosphorus and other nutrients from discharges into receiving waters is beneficial, 

where additional nutrients would otherwise encourage the growth of undesirable algae and 
adversely impact water quality affecting fish and other aquatic life.  In considering the alternatives 
for returning water to the environment, nutrient levels in receiving waters are of considerable 

interest in determining appropriate treatment/discharge criteria.  In some US jurisdictions, 
regulators are pushing for nutrient discharges that are approaching the limits of technology.  In BC, 
the Ministry of Environment (MOE) is in the process of implementing new phosphorus targets for 

Vancouver Island watercourses which will limit allowable total phosphorus in treated effluent to 
0.005 mg/L from May through September.  This will have a direct impact on the Village of 
Cumberland, whose wastewater treatment lagoons presently discharge into a tributary of the Trent 

River.  
 
1.1 Wastewater Nutrients 

Municipal wastewater contains nutrients including nitrogen and phosphorus, and there are many 
reasons and benefits for their recovery from wastewater.  Phosphorus is the more important of 

these nutrients for the following reasons: 
 
• Phosphorus minerals are essential for all living cells and cannot be replaced by other 

nutrient minerals. 
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• The most prevalent use of phosphorus is as phosphate fertilizers, which together with 
nitrogen and potassium, are the three main plant inorganic nutrients required for 

agriculture.   
• The earth’s supply of naturally occurring phosphorus minerals (commonly found in the form 

of phosphates) is a non-renewable resource that is being depleted.  

 
Recovery of phosphorus for beneficial reuse can be accomplished in several ways.  The most 
established approach involves capturing a portion of the phosphorus in treatment process 

residuals.  These residuals can subsequently be used to produce a nutrient-rich soil amendment, 
as is done in many BC municipalities including the CVRD.  In recent years, development of new 
processes that capture phosphorus through crystallization have made significant advances.  The 

various methods for recovering nutrients are summarized below.   
 
1.2 Soil Amendment Products from Treatment Process Residuals 

Compost Products:  The CVRD operates a biosolids composting facility that produces a soil 
amendment from treatment process residuals generated at the Comox Valley Water Pollution 

Control Centre (CVWPCC).  The final product, called SkyRocket, is ideal for use in large-scale 
landscaping and planting projects, residential landscaping, orchards, flower gardens and lawns.  
The production and distribution of the final product is regulated by the Ministry of Environment 

under the Organic Matter Recycling Regulation and meets the Class A requirements for pathogens, 
nutrient value, moisture, pH and metals. 
 

The SkyRocket facility utilizes an enclosed aerated static pile method, followed by screening and 
curing of the final product.  The system presently has an annual capacity of 5,000 tonnes of 
biosolids (at 24% solids) and presently processes about 4,200 tonnes of compost annually.  

Odours are controlled by collecting the odorous gases at the point of generation (in the enclosed 
static piles) and removing noxious compounds in a biofilter before the air is released into the 
environment.  Since the facility was commissioned in 2003, the community not only recognizes the 

benefits of the product, but local demand has reportedly exceeded the supply.  
 
Approximately 30% of the total incoming phosphorus at the CVPWCC is captured in the biosolids 

and is subsequently recovered in the compost product; the compost product is approximately 7% 
phosphorus on a dry-weight basis.   
 

The cities of Kelowna and Vernon jointly operate a biosolids composting facility accepting WWTP 
residuals and yard waste.  Both of these two WWTPs intentionally remove phosphorus biologically, 
concentrating the phosphorus in the biological sludge. This results in a final compost product that 

likely contains higher quantities of total phosphorus than does SkyRocket.   
 
Lime-Stabilized Soil Amendments:  Lime (quicklime or hydrated lime) can also be blended into 

dewatered biosolids to produce a stabilized, nutrient-rich soil amendment meeting Class A or 
Class B requirements for pathogens, nutrient value, moisture, pH and metals.  The process works 
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by raising pH levels above 12.0, which together with the pasteurizing effect of elevated 
temperatures caused by heat-generating reactions, destroys the cell membranes of pathogens. 
 

The Capital Regional District (CRD) implemented a proprietary lime pasteurization system at the 
Saanich Peninsula WWTP in 2000.  The facility produces a Class A soil amendment, which has 
been used almost exclusively as cover material at the CRD’s Hartland Landfill.  

 
1.3 Phosphorus Crystallization from Wastewater 

Development of technologies and systems for the implementation of full-scale biosolids composting 
was largely undertaken in the 1990s.  Since that time, technological developments in nutrient 
recovery have focused more on the development of processes and systems for recovering 

phosphorus directly.   
 
Developments in crystallization processes for phosphorus recovery from wastewater have made 

significant advances in recent years.  Phosphorus can be effectively recovered from phosphorus-
rich plant flows in high-quality solids in the form of magnesium ammonium phosphate, more 
commonly called struvite.  Phosphorus-rich plant flows are commonly found following treatment 

stages of digestion and dewatering common at larger treatment facilities.  Struvite can be used 
directly as a non-burning, slow-release fertilizer.  Besides producing a useful fertilizer product, 
phosphorus recovery can also reduce the potential for undesirable struvite formation within 

treatment facility systems in concentrated process streams.   
 
Although phosphorus recovery systems vary somewhat in their configuration, all (including 

proprietary systems such as Crystalactor®, Phosnix and Ostara) utilize the process of crystallization 
of solids within a phosphorus-rich solution.  Most processes use a reactor where a flow of 
phosphorus-rich wastewater helps to provide the mixing and other required conditions for the 

precipitation of struvite crystals that approach several millimetres in diameter.  An increase in pH 
and the addition of magnesium ions is also used to initiate and sustain the crystallization process.   
 

Key to process success is a wastewater treatment facility having operations that produce a 
phosphorus-rich flow.  Full-scale implementation of phosphorus crystallization facilities has 
significant capital and operating costs which can be difficult to recover at smaller scales.  In 

practical terms, this limits the implementation of phosphorus recovery using crystallization 
processes to wastewater treatment facilities that stabilize treatment sludges using anaerobic 
digesters.  

 
1.4 Technology Trends 

As discussed in Section 1.3, innovations in phosphorus recovery from wastewater have led to the 
development of full-scale proprietary struvite crystallization systems.  As fertilizer markets develop, 
it is anticipated that recovered phosphorus will increase in commercial value and increase revenue 

streams to wastewater operations. 
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2 Potential for CVRD South Region 

2.1 Composted Biosolids Soil Amendment 

The population serviced by a new South Region WWTP is expected to be relatively small during its 

initial years of operation.  The most practical and effective nutrient recovery approach for a new 
CVRD South Region WWTP is to utilize the SkyRocket facility for composting of dewatered 
biosolids.   

 
The CVRD’s SkyRocket Facility is an excellent example of successful nutrient recovery from 
wastewater residuals and it is a valuable asset to the community.  Because the SkyRocket Facility 

presently operates close to its capacity, the CVRD recognizes the need to expand the facility in the 
near future and has plans to do so.  
 
2.2 Phosphorus Recovery by Struvite Crystallization 

At this time, phosphorus crystallization processes require phosphorus-rich process flows within 

wastewater treatment facilities that use anaerobic digestion of sludges.  Presently in BC, there are 
only eight WWTPs using anaerobic digesters (Nanaimo being the nearest), the smallest of which 
services a population of approximately 86,000.  On this basis, potential opportunities for the 

recovery of phosphorus using crystallization within the CVRD wastewater treatment facilities 
appear impractical at this time.   
 

Phosphorus crystallization processes should be re-evaluated in the future in conjunction with any 
future re-evaluation of energy recovery alternatives considering anaerobic digestion of wastewater 
treatment residuals.     

 

3 Summary 

Nutrient recovery can be implemented in a new South Region WWTP as part of an overall resource 

recovery strategy.  In the near term, the most practical and effective nutrient recovery opportunity is 
for the treatment residuals to be sent as feed stock to the CVRD’s SkyRocket Facility which already 
meets all regulatory requirements for the distribution of Class A biosolids, and provides a valuable 

composted soil amendment to CVRD communities.  A suitable tipping fee for disposal of South 
Region WWTP dewatered residuals would be determined based on an equitable apportioning of 
the capital and operating costs of the SkyRocket Facility.   

 
Phosphorus crystallization technologies should be re-evaluated in conjunction with any future re-
evaluation of energy recovery alternatives, especially when considering anaerobic digestion of 

wastewater treatment residuals.    
 



DISCUSSION PAPER  

 1 
 ppr_comv_irr1b-3_directheat_20110422_tr.doc 

 

Comox Valley Regional District 
South Regional Sewage System Study 
 

Discussion Paper 1B-3, Integrated Resource Recovery Opportunities –  
Direct Heat Recovery from Wastewater 

Prepared by:  Tom Robinson, Kelly Bush 

Reviewed by: Leif Marmolejo 

Issued:   March 18, 2011 

Previous Issue: January 19, 2011 
 

 

1 Overview 

This Discussion Paper provides an overview of direct heat recovery from wastewater and its 
subsequent beneficial reuse.  Topic areas discussed include heat recovery categories, trends in 

technology used to recover and reuse heat, and potential opportunities for reusing heat from 
wastewater generated within the South Region of the CVRD.   
 
1.1 Heat Recovery Categories 

Wastewater can be an ideal source of low-grade heat energy.  Wastewater is normally warmer 
than groundwater.  Typical wastewater temperatures on the south coast of BC vary between 10ºC 
and 25ºC.   

 
The amount of heat recovered from raw wastewater and treated effluent is dependent on 
wastewater temperature, flow rate, heat transfer efficiency, and specific heat capacity.  Dry weather 

flow conditions are used to determine the baseline amount of recoverable energy because 
stormwater from wet weather will cause unreliable increases in wastewater flow rates. 
 

Wastewater heat recovery systems can be designed to recover heat from raw wastewater or from 
final treated effluent of a wastewater treatment plant (WWTP).   
 

1.1.1 Heat Recovery from Raw Wastewater 

Although feasible, there are practical limits to heat recovery from raw wastewater. 
Extracting heat from raw wastewater lowers the temperature of the raw wastewater, which 

at a certain point can cause grease to congeal in piping.  Dropping the wastewater 
temperature below 10ºC can also disrupt downstream biological treatment processes in the 
WWTP. 
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Nevertheless, heat recovery from raw wastewater is practiced using the following means: 
 

 Passing raw wastewater through heat exchangers,  
 Heat exchangers within gravity sewer lines, and 
 Heat exchangers in wastewater force mains. 

 
External Heat Exchangers:  Screening of the raw wastewater is required before passing 
the wastewater through heat exchangers.  Even after screening, significant fouling of the 

heat exchanger can occur, requiring cleaning and maintenance.  This is the approach that 
was selected for the City of Vancouver’s Southeast False Creek Neighbourhood Energy 
Utility project; it is also commonly implemented in Europe.  An example of this technology 

is a proprietary screening and heat exchanger system made by Huber, which takes a 
portion of a gravity-fed wastewater flow and passes it through a 6 mm screen before 
pumping it through a heat exchanger.  Screenings are either removed or returned to the 

sewer.   
 
Sewer Heat Exchangers:  Collecting heat from heat exchangers located in sewer lines is 

gaining in popularity.  The most common system is a heat exchanger located inside the 
wall of the sewer pipe.  Rabtherm manufactures a proprietary in-wall sewer pipe heat 
exchanger system and has a number of installations of this technology in Europe. The 

advantages of this approach are its simplicity and low maintenance requirements; 
however, there are disadvantages of this approach, including: 

 

 Large heat exchanger surfaces are required because heat transfer rates are quite 
low. 

 Only the bottom of the gravity sewer pipe can be used. 

 Bio-film growth and grease deposition reduces the heat transfer rate and requires 
frequent cleaning. 

 Stormwater infiltration can cool the wastewater and render heat recovery 

ineffective. 
 Proprietary technology may pose challenges for future sewer system maintenance. 
 High installation cost. 

 
Force Main Heat Exchangers:  Force mains are advantageous because they flow full, 
and can therefore use the whole surface of the pipe for heat exchange.  Technology used 

for heat recovery in force mains is similar to technology used for heat recovery in sewers, 
with added pipe surface area available for heat exchange.  However, if a single pump 
station feeds the force main, then the flow will be intermittent and the heat available will be 

limited to the heat within the stationary wastewater.   
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1.1.2 Heat Recovery from Treated Wastewater 

In practical terms, heat recovery from treated wastewater is similar to heat recovery from 

water in water treatment facilities.  In the past 15 years, heat recovery from wastewater 
and drinking water has become common practice in BC, with recovered heat being used 
for a variety of on- and off-site uses.  For these facilities, much of the recovered heat can 

be used on-site, since treatment plant buildings and process areas require high rates of 
ventilation.   

 

Recovering heat from treated wastewater is typically achieved using heat exchangers that 
are immersed in final effluent tanks or by pumping the flow through free-standing heat 
exchangers.  Both options have significant advantages over heat recovery from raw 

wastewater, including the following: 
 
 Reduced potential for grease fouling or bio-fouling, making it possible to use 

higher-efficiency plate-and-frame heat exchangers. 
 Ability to remove heat down to a temperature of 6°C without significantly impacting 

treatment processes, since biological treatment is already complete. 

 
1.1.3 On-site and Off-site Heat Recovery and Reuse 

In BC, on-site and off-site wastewater heat recovery and reuse presents opportunities for 

reducing greenhouse gas emissions by displacing the use of natural gas for hot water 
heating and space heating. This approach presents the potential opportunity for 
municipalities to reduce their operational carbon footprint.  The recovered heat can also be 

exported off-site to users via closed-loop district energy systems.  A number of recent 
examples of off-site heat recovery and reuse in BC include the following high-profile 
projects:  

 
 Whistler Athletes Village District Energy System project, which recovers heat from 

treated wastewater from the Whistler Advanced WWTP. 

 City of Vancouver’s Southeast False Creek Neighbourhood Energy Utility 
development, which recovers heat from raw wastewater via the Cambie Street 
Heat Recovery Facility. 

 Capital Regional District’s new Panorama Recreation Centre, which recovers heat 
from treated wastewater from the Saanich Peninsula WWTP. 

 Okanagan College, which recovers heat from treated wastewater from the 

Kelowna WWTP.   
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1.2 Technology Trends 

Recent innovations in wastewater heat recovery have focussed on developing and improving 
systems for heat recovery from raw wastewater.  Technology supporting on-site or off-site heat 

recovery and reuse from treated wastewater is already well developed and readily implementable. 
 
1.3 Relevant Comparisons with CVRD South Region 

Smaller wastewater collection and treatment systems are of particular relevance to the CVRD 

South Region.  Although there are limited examples of wastewater heat recovery projects in 
smaller wastewater treatment systems in BC, the feasibility of heat recovery could be explored 
further with the CVRD.  Heat recovery and reuse in smaller water treatment plants is also relevant, 

as the processes, systems and equipment are similar.  The following examples of heat recovery 
from water treatment systems are provided: 
 

 Heat recovery from raw drinking water for building heating and cooling has been 
successfully implemented at the Elk Falls Water Quality Centre in Campbell River. 

 Poplar Point Water Treatment Plant in Kelowna. 

 Naramata Water Treatment Plant. 
 Heat recovery from treated drinking water for process building heating has been 

successfully implemented at the Aldergrove Water Treatment Plant.  

 

2 Potential for CVRD South Region 

Heat recovery is becoming common practice in BC as a viable, alternative energy source in place 
of natural gas for building heating, hot water heating, and process heating.  Heat recovery from 

wastewater presents an additional energy source option for the CVRD South Region to consider in 
planning the community wastewater treatment and collection system.  
 

The potential for direct heat recovery from wastewater depends on flow and temperature.  
Compared to other energy recovery alternatives that require a substantial service population to be 
economically viable (such as energy from WWTP residuals) the threshold population for direct heat 

recovery can be relatively small.  The following considerations for wastewater heat recovery for the 
CVRD South Region are presented.  
 
2.1 Heat Recovery Potential 

A new South Region WWTP is likely to service a population of 5,000 to 7,500 in its initial years of 
operation, corresponding to an average dry weather flow of 1,200 to 1,800 cubic metres per day.  
Using conventional heat pump technology, 350 kW of heat energy could be extracted from this 

treated effluent flow, and reused for heating.  This would be more than sufficient to meet the entire 
heating needs of a wastewater treatment facility having approximately 400 m2 of facility buildings, 
despite the high ventilation rates required for process areas of the facility.   

 



 Discussion Paper 1B-3 - IRR Opportunities 
Direct Heat Recovery from Wastewater 

  

 5 
 ppr_comv_irr1b-3_directheat_20110422_tr.doc 
 

Compared to natural gas heating, heat recovery from treated effluent to heat the WWTP facilities 
would offset approximately 600 GJ/year, and reduce emissions by approximately 30 tonnes of CO2 

per year.  Compared to conventional electrical heating, heat recovery from treated effluent would 
offset approximately 77,000 kWh, and reduce emissions by 5.6 tonnes of CO2 per year.  Operating 
cost savings arising by using heat pumps at 300 percent efficiency would amount to savings of 

about $6,500 per year based on a cost of $0.085/kWh.  
 
2.2 Off-site Heat Recovery and Reuse Opportunities 

Once in operation, the potential to recover heat from treated effluent at the South Region WWTP 

would exceed the needs of the facility.   Even during the initial years of operation, the South Region 
WWTP could provide treated effluent to an off-site user for recovery of up to 200 kW of heat 
energy, based on conventional heat pump technology.   This would be sufficient heat for the 

equivalent of about 15 to 20 homes.   
 
By 2026, when the WWTP is expected to be servicing a population approaching 10,000, the 

surplus heat available in the treated effluent for an off-site user would be approximately 450 kW, or 
sufficient heat for the equivalent of about 40 to 50 homes.  Depending on where the WWTP is 
located, this represents an attractive opportunity for a developer.    

 
Compared to natural gas heating, the potential for off-site heat recovery from treated effluent could 
displace approximately 1,800 GJ/year, and reduce emissions by approximately 90 tonnes of CO2 

per year.    
 

3 Summary 

A new South Region WWTP would be designed to recover heat from treated wastewater, and use 

the recovered heat to heat wastewater facility buildings, particularly process areas requiring high 
rates of ventilation.  However, even after meeting the WWTPs heating needs, there would be 
surplus heat available.   

 
During the initial years of operation and after on-site heat recovery, the South Region WWTP could 
provide treated effluent to an off-site user for recovery of up to 200 kW of heat energy, based on 

conventional heat pump technology.  This would be sufficient for the equivalent of about 15 to 20 
homes.  By 2026, when the WWTP is expected to be servicing a population approaching 10,000, 
the surplus heat available in the treated effluent for an off-site user(s) would be approximately 

450 kW, or sufficient heat for the equivalent of about 40 to 50 homes.  Assuming that this energy 
was used to reduce dependency on natural gas, this amounts to a greenhouse gas reduction of 
approximately 90 tonnes of CO2 per year.   

 
To take advantage of this surplus heat and resulting greenhouse gas reductions, it would be 
advantageous to locate the new South Region WWTP reasonably close to a reasonably large off-
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site user(s) who would construct their own facility to recover heat from the treated effluent and 
return the cold effluent to the WWTP site or the environment.   

 
The Kingfisher Oceanside Resort & Spa has proposed a multi-phased upgrade and expansion of 
their facilities, which would add new buildings and expanded spa facilities.  If the South Region 

WWTP were located in the Royston area, the Kingfisher Resort & Spa could potentially partner with 
the CVRD for off-site heat recovery from the South Region WWTP.  
 

If the South Region WWTP were located in the Union Bay area, Kensington Island Properties could 
potentially partner with the CVRD for off-site heat recovery from the South Region WWTP.  Their 
development plans include hotels and commercial space.   
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1 Overview 

This discussion paper considers the resource recovery potential of domestic wastewater and 
provides an overview of water reuse possibilities for the South Region of the Comox Valley 

Regional District (CVRD).  Different categories of wastewater recovery and reuse are presented at 
the beginning of the discussion to frame the discussion paper, and these categories are discussed 
throughout this document.  

 
1.1 Reuse Categories 

The potential for reclaimed water reuse spans a broad range of categories.  Table 1 summarizes 
water reuse applications, based on current practices.  The list is organized according to the volume 

of reclaimed water typically reused, from highest to lowest.   
 
The most common and the highest volume potential reuse for reclaimed water is for irrigation, 

including both agricultural and landscaping irrigation.  Irrigation using reclaimed water is usually 
relatively low cost and straightforward to implement.  Many examples can be found in western 
Canada and around the world.   

 
Examples of industrial reuse of reclaimed water in Canada are still limited.  Presently the largest 
industrial reuse program in Canada is the City of Edmonton’s 15 million litre per day Gold Bar 

Wastewater Treatment Plant (WWTP) Industrial Water Reuse Facility which provides reclaimed 
water to Petro-Canada for use in its refinery process.    
 

Non-potable urban reuse is gaining interest in BC, and a number of private developers use 
reclaimed water for non-potable domestic applications such as toilet flushing.   
 

Potable reuse is practiced only in a few locations worldwide, generally where there is a severe 
scarcity of water resources. 
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Table 1 
Water Reuse Categories and Typical Applications (adapted from Asano et al. 2007) 

 

Category Typical Application  

Agricultural Irrigation 
  crop irrigation    
  commercial nurseries   
Landscape Irrigation 
  parks     
  school yards    
  freeway medians    
  golf courses    
  cemeteries    
  greenbelts    
  residential     
Industrial Reuse 
  cooling water    

  
boiler 
feed     

  process water    
  heavy construction    
Groundwater Recharge 
  groundwater replenishment   
  saltwater intrusion control   
  subsidence control    
Recreational / Environmental Uses 
  lakes and ponds    
  marsh enhancement    
  stream flow augmentation   
  fisheries     
  snowmaking    
Non-Potable Urban Reuse 
  toilet flushing    
  fire protection    
  air conditioning    
Potable Reuse 
  blending in water supply reservoirs 
  blending in groundwater aquifers 
  direct pipe to water supply   

 
1.2 Technology Trends 

Improvements in treatment technology may be advancing more rapidly than regulatory 
requirements.   
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The minimum technology standard for water reclamation is evolving towards the use of membrane 
bioreactor (MBR) systems for solids separation together with ultraviolet (UV) irradiation used for 
disinfection.  The MBR-UV process configuration provides excellent flexibility to respond to reuse 

opportunities as they develop, and can accommodate both unrestricted and restricted public 
access applications.  They also appear to provide enhanced removal of micro constituents, e.g. 
prescription and non-prescription drugs, antibiotics, steroidal hormones, and other endocrine-

disrupting compounds.   
 
Many industrial water reuse applications require a higher water quality than MBR-UV can provide 

on its own.  In many cases, MBR-UV reclaimed water is used to feed a reverse osmosis process 
before industrial reuse; this additional treatment is typically provided at the industrial facility.   
 
1.3 Regulatory and Planning Trends 

Water customers are accustomed to using potable drinking water for irrigation and other non-
potable uses.  When potable drinking water is reliably available at a relatively low cost (as is 
generally the case in coastal BC), the implementation of a water reuse program poses a challenge.  

Even as water demands increase due to population growth, water supply systems in coastal BC 
can generally be expected to meet these demands, and do so reliably and affordably.   
 

Successful reclaimed water distribution systems have usually been borne out of need.  Golf 
courses are increasingly willing to accept reclaimed water over potable drinking water, provided 
that the costs are not significantly higher.  In the semi-arid Okanagan Valley, reclaimed water is 

used for golf course irrigation.  The French Creek Pollution Control Centre, near Parksville, BC also 
provides reclaimed water to the Morningstar Golf Club, which is located immediately adjacent to 
the treatment plant.   

 
Recently, the need for the beneficial reuse of reclaimed water as an important component of future 
water resource management is more widely recognized.  This is creating a demand for reclaimed 

water in some applications.  Regulators are aware that public acceptance of water reuse is 
increasing, and wastewater management plans increasingly include strategies for water 
reclamation and reuse.  The Canadian Guidelines for Domestic Reclaimed Water for Use in Toilet 

and Urinal Flushing, published by Health Canada in 2010, is evidence of this.   
 
Regional planning is an important factor in the viability of reuse, and a good tool to help locate 

sources of reclaimed water near potential users.  Non-economic factors supporting the 
development and implementation of wastewater reuse projects are important, since in many cases 
water reuse schemes cannot be justified from a purely financial perspective.  Most successful 

reuse projects have a relatively short distribution system between the reclaimed water source and 
the end use.  For small reuse projects this is particularly important since the cost of conveyance 
can be the largest capital and operating expense.   
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1.4 Relevant Comparisons with CVRD South Region 

There are numerous examples of reuse that serve as good comparisons with the South Region of 
the CVRD.  Large-scale reuse programs include both agricultural irrigation and the irrigation of 

public parks, landscaping and golf courses: 
 
 The communities of Vernon, BC, Taber, AB and Moose Jaw, SK have long-standing 

agricultural irrigation programs using reclaimed water.   
 

 Regional District of Nanaimo via the French Creek Pollution Control Centre, the City of 

Vernon, and the Town of Oliver provide reclaimed water for golf course landscape irrigation 
in BC.   

 

There are also numerous smaller-scale examples where private developers have incorporated 
reuse of reclaimed water into non-potable domestic applications.  Installations located on 
Vancouver Island and the Lower Mainland include: 

 
 The Kingfisher Oceanside Resort & Spa in Royston has developed their water system to 

be eco-friendly.  Their complex collects and treats their wastewater in an MBR-UV system.  

Treated effluent and once-thru refrigeration cooling water are then reused for landscape 
irrigation during the irrigation season.  They also have a “purple pipe” system for toilet 
flushing, but they have discontinued the use of this system until upgrades are completed. 

 
 Dockside Green in Victoria is a LEED® Platinum community with a wide variety of 

environmentally friendly features.  The community treats all of its wastewater on site using 

an MBR-UV system, using the reclaimed water for toilet flushing, landscape irrigation and 
for a water feature. 
 

 Vancouver’s new Convention Centre has on-site wastewater treatment using an MBR 
system, which is used to provide water for irrigation of the 24,000 m2 green roof, as well as 
toilet flushing. 

 
In addition, many BC WWTPs use reclaimed water on site for non-potable uses such as plant 
washdown activities.  These same WWTPs often use reclaimed water for on-site landscape 

irrigation. 
 

2 Potential for CVRD South Region 

Based on the Reuse Categories presented in Table 1, a screening-level analysis of potential reuse 

opportunities for reclaimed water in the South Region has yielded the following. 
 
Agricultural Irrigation -- Preliminary investigations of the communities of Royston and Union Bay 

suggest that there are few agricultural operations requiring notable quantities of irrigation water.  It 
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is unlikely, therefore, that existing agricultural operations will create a need or benefit from the use 
of reclaimed water.  
 

Landscape Irrigation -- Royston and Union Bay have limited public lands such as parks, and the 
parks and greenways strategic plan under development is not expected to recommend any 
significant opportunities for landscape irrigation; however, a new South Region WWTP could use 

reclaimed water to irrigate its own (on-site) landscaping features.   
 
Groundwater Recharge -- Based on our preliminary investigations of the South Region, there is 

very limited opportunity or benefit to groundwater recharge schemes.  Hydrogeological 
investigations by Payne Engineering Geology in 2009 concluded that there was limited potential for 
ground disposal of treated wastewater in the South Region.   

 
Recreation / Environmental Uses – The Ministry of Environment has recently proposed new 
stringent phosphorus targets for the protection of aquatic life and other users of Vancouver Island 

watercourses (5 ug/L total phosphorus from May thru September).  This limits the potential for 
water reuse applications such as constructed lakes and ponds, marsh enhancement, or stream 
flow augmentation using treated wastewater.  Such reuse schemes are further challenged by the 

Municipal Sewage Regulation’s (MSR’s) requirement for an alternate method for returning treated 
effluent to the environment, should the quality of the treated wastewater deteriorate or if water 
levels (in the receiving body) are too high. 

 
Reuse by the Industrial / Commercial / Institutional (ICI) Sector -- Preliminary investigations of 
the communities of Royston and Union Bay suggest that there is very limited potential for non-

potable water reuse by the ICI sector.  The Sage Hills Sports and Education Node, as presented in 
the Regional Growth Strategy, appears to be a potential user of reclaimed water in the future.  
However, the geodetic elevation of the facility would require substantial pumping infrastructure and 

operational cost, assuming that the South Region WWTP is located closer to sea level.  
Nevertheless, a new South Region WWTP could use reclaimed water on site for plant washdown 
activities. 

 
Non-Potable (Purple Pipe) Domestic Reuse -- Domestic non-potable reuse of reclaimed water, 
such as toilet flushing and lawn watering, is increasing in interest.  In practical terms, this is 

normally limited to new developments where “purple pipe” is installed alongside potable water 
lines.  The Kingfisher Oceanside Resort & Spa in Royston has, for a number of years, treated their 
wastewater in an MBR-UV system and reused a portion of the reclaimed water for non-potable 

uses such as “purple pipe” toilet flushing and for landscape irrigation.  Purple pipe distribution 
networks could also be considered for a new development at Kensington Island Properties.  
Retrofitting existing communities with purple pipe reclaim water systems is normally impractical.     
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2.1 Limited Drinking Water Resources 

In recent years, there is a growing realization that drinking water resources in the South Region of 
the CVRD are limited:   

 
 Drinking water for Union Bay is provided from Langley Lake, which is approaching 

capacity.  The Union Bay Improvement District has agreed to provide drinking water to 

Kensington Island Properties, but is requiring KIP to provide an alternate source of water 
for irrigation water and fire flows.   

 

 The Village of Cumberland receives its drinking water via gravity supply lines from Allen 
Lake and Henderson Lake, and also supplies drinking water to the CVRD community of 
Royston. Because the Cumberland source has been developed nearly to capacity, the 

Village of Cumberland recently put a freeze on new developments in Cumberland until an 
additional water source(s) can be brought on line.  Cumberland has also recently installed 
universal water meters, which may reduce residential water demand to some degree.   

 
2.2 Potential Users of Reclaimed Water 

Until a regional water system is developed that will service the entire Comox Valley region, drinking 
water supplies in the South Region will see limited expansion.  This may create interest in the 

benefits of reclaimed water.   
 

2.2.1 Kingfisher Oceanside Resort & Spa Renewal 

As mentioned above, the Kingfisher Oceanside Resort & Spa in Royston has, for a number 
of years, treated their wastewater in an MBR-UV system and reused a portion of the 
reclaimed water for non-potable uses such as “purple pipe” toilet flushing and for 

landscape irrigation.   
 
In April 2010, the Kingfisher Oceanside Resort & Spa received Third Reading at the CVRD 

for their proposed multi-phased upgrade and expansion of their facilities, which would add 
new buildings and expand spa facilities.  If the South Region WWTP were located in the 
Royston area, the Kingfisher Oceanside Resort & Spa could potentially partner with the 

CVRD for the use of reclaimed heat and reclaimed water from a new South Region 
WWTP.  

 

2.2.2 Kensington Island Properties 

Reclaimed water from the South Region WWTP could be of interest to Kensington Island 
Properties for irrigation and fire flows.  Kensington Island Properties’ development plans 

include a golf course with a significant number of water features.  Knowing that the Langley 
Lake water source is only sufficient to meet their drinking water needs, Kensington Island 
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Properties has planned on using non-potable reclaimed water for irrigation and fireflow 
needs.  The South Region WWTP could potentially provide this needed reclaimed water.   
 

2.2.3 Non-potable Re-use at the WWTP 

It should be mentioned that the use of reclaimed water at the South Region WWTP is 
standard practice where drinking water is not required.  Applications such as landscape 

irrigation and washdown activities at WWTPs commonly use reclaimed water. 
 

 
2.3 Reclaimed Water Treatment Standards 

As outlined in the previous sections, drinking water supplies in the South Region are constrained.  
As the Village of Cumberland and CVRD communities move ahead with water conservation 
strategies including universal water metering, new developments needing drinking water face a 

challenge.   
 
One potential consequence in the context of developing a South Region WWTP is the potential 

interest in non-potable reclaimed water.  Kensington Island Properties represents the largest 
potential user for non-potable reclaimed water.  The Kingfisher Oceanside Resort & Spa in Royston 
may also be interested in reclaimed water if it proved to be a lower-cost alternative than the 

continued operation of their own MBR-UV wastewater treatment system.   
 
If the South Region WWTP were to provide water for non-potable reuse, the water would have to 

meet reclaimed water quality criteria in Schedule 2 of the MSR.  However, there are two non-
potable standards provided in Schedule 2:   
 

 Unrestricted Public Access, and 
 Restricted Public Access 

 

Unrestricted Public Access would apply to KIP’s golf course irrigation needs, and also to purple 
pipe non-potable reuse applications that might be considered by the Kingfisher Oceanside Resort 
& Spa.  The treatment standard required would include, at a minimum:  high-level secondary 

treatment, effluent filtration and disinfection, and stringent sampling and monitoring requirements.   
 

3 Summary 

The CVRD is currently engaged in efforts to increase the safety, security and life span of the 

drinking water supply in the Comox Valley.  The future outcome will likely be a more regionalized 
approach to water supply, treatment and distribution.   
 

In the meantime, planning for the CVRD’s South Region WWTP provides an opportunity for the 
CVRD to engage the public in a discussion of the benefits of reclaimed water as a component of 
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the water supply system.  A wide variety of potential reuse applications are possible, with 
technology and regulations in place to enable them.   

 
There is a growing realization that drinking water resources in the South Region of the CVRD are 
limited.  The Union Bay Improvement District has agreed to provide drinking water to Kensington 

Island Properties, but is requiring KIP to provide an alternate source of water for irrigation water 
and fire flows.  The Village of Cumberland’s water supply has been developed nearly to capacity, 
and has subsequently placed a freeze on new developments in Cumberland until an additional 

water source(s) could be brought on line.   
 
Kensington Island Properties represents the largest potential user for non-potable reclaimed water.  

The Kingfisher Oceanside Resort & Spa in Royston may also be interested if connecting to the 
South Region WWTP for wastewater treatment and/or supply of reclaimed water proved to be a 
lower-cost alternative than the continued operation of their own MBR-UV wastewater treatment 

system.   
 
The MSR would require that non-potable water meet the requirements for Unrestricted Public 

Access, which would include high-level secondary treatment, effluent filtration and disinfection, and 
stringent sampling and monitoring requirements.   
 

4 References 

Asano, T. et al. (2007) “Water Reuse:  Issues, Technologies, and Applications”, Metcalf & Eddy, 
McGraw-Hill. 
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1 Overview 

This discussion paper considers the potential for generating electrical energy from wastewater 
flows to a new CVRD South Region WWTP.   

 
1.1 Technology and Regulatory Trends 

Traditionally, wastewater sewerage systems have been designed to dissipate excess hydrostatic 
energy in manholes that connect the individual sewer pipes.  However, where the wastewater 

collection system has to convey the flows to a significantly lower elevation, there exists the 
potential for energy recovery.   
 

Improvements in turbine generation technology are enabling both water distribution and 
wastewater collection systems to recover this hydraulic energy and generate electricity using a 
turbine-generator system.  Micro-turbine systems are specifically designed for this purpose.  Pre-

screening of the wastewater is required upstream of the generator.   
 
1.2 Relevant Comparisons 

A relevant example of small-scale hydro power generation is the Capital Regional District’s new 
Sooke River Road Disinfection Facility.  One of the sustainable design features of this facility is an 

energy recovery system to offset the power used by the disinfection facility.  Annual utilization of 
the “pump-as-turbine” approaches 100%.  Depending on the time of year, the turbine generates 
from 3.6 to 10 kW.  The annual energy output ranges from approximately 72 MWh at present to an 

expected 87 MWh in 2018.   
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2 Potential for CVRD South Region 

If wastewater flows from the Village of Cumberland are conveyed in a pressure sewer from 
Cumberland routed into the community of Royston, hydrostatic head could provide an opportunity 

for micro-hydro generation of electricity.  Small turbines are specifically designed for this purpose.   
 
The alignment of the Cumberland pressure sewer would likely be down Royston Road, terminating 

in Pump Station #2.  Since Pump Station #2 will be at an approximate geodetic elevation of 2 to 
3 m, 125 m of hydrostatic head could potentially be available in the wastewater flows from 
Cumberland.   

 
Flows from Cumberland during Phase 1 of the South Regional wastewater system are expected to 
be relatively constant at approximately 29 L/s (2,500 m3/day) during the wet season as 

Cumberland manages flows diverts incoming flows into the South Region WWTP pressure sewer 
and manages the remainder in a modified flow equalization and lagoon system.  This will decrease 
gradually as Cumberland progresses with its 15-year sewer separation program.  During the dry 

season, 100 percent of Cumberland flows will be directed to the South Region WWTP pressure 
sewer.  Pre-screening of Cumberland’s wastewater would be required to protect the turbine 
generation system located at Pump Station #3.   

 
Based on our preliminary calculations, the potential power generation amounts to 25 kW, which 
would have a revenue equivalent of approximately $17.5 k per year, based on current BC Hydro 

rates. The capital cost of such an installation is beyond the scope of this study, but would be 
required to confirm the feasibility of the energy recovery scheme, and establish the payback period.   
 

According to BC Hydro, electricity generated in 2010 has a greenhouse gas emissions rate of 
0.076 kg CO2 equivalent (CO2e) per kWh. Energy recovery from the Cumberland wastewater flow 
could potentially provide a GHG reduction of 16.5 tonnes of CO2 equivalent annually.   

 

3 Summary 

If wastewater flows from the Village of Cumberland are conveyed in a pressure sewer from 

Cumberland routed into the community of Royston, hydrostatic head could provide an opportunity 
for micro-hydro generation of electricity.   
 

The alignment of the Cumberland pressure sewer would likely be down Royston Road, terminating 
in Pump Station #2.  Since Pump Station #2 will be at an approximate geodetic elevation of 2 to 
3 m, 125 m of hydrostatic head could potentially be available in the wastewater flows from 

Cumberland.  Small turbines are specifically designed for this purpose.   
 
The resource recovery potential of this energy is 25 kW, with a commensurate greenhouse gas 

reduction of 16.5 tonnes of CO2 equivalent annually.   
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Appendix C - Population Projections and Sewer 
System Design Flows 

 





March 29, 2011

CVRD South Regional Sewer Study
Service Population Projection (2010 - 2060)
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2.67%

equivalent annual growth
rate to Year 2035



CVRD South Regional Sewage Collection, Treatment and Discharge System
Preliminary Sewage Flow Estimates

Population Density: 2.1 Capita/dwelling
Per Capita Flow: 240 L/capita per day Yellow Cell indicates data entry required

I/I Rate: 0.06 L/s per ha Date: March 8, 2011
Job No. 1066

YEAR 2011 (Current Conditions)

No. of Harmon Cumulative Flow
Pump Station Lots Peaking I/I Wet Weather

Catchment Serviced Individual Cumulative Factor Individual Cumulative Individual Cumulative Cumulative Ave Day
# # # Cumulative m3/day m3/day ha ha m3/day m3/day

   ROYSTON  &  UNION  BAY - Initial Service Areas Only

1 169 355 355 4.05 85 85 91 91 472 557
2 401 842 1,197 3.75 202 287 90 181 938 1,226
3 179 376 1,573 3.66 90 377 77 258 1,337 1,715
4 226 475 2,048 3.58 114 491 60 318 1,649 2,140
5 49 103 2,150 3.56 25 516 19 337 1,747 2,263
6 21 44 2,195 3.55 11 527 20 357 1,851 2,377
7 268 563 2,757 3.47 135 662 47 404 2,094 2,756
8 49 103 2,860 3.46 25 686 13 417 2,162 2,848

L/capita I/I
Total: 1,362 2,860 2,860 3.46 686 417 417 2,162 2,848 240 & 0.06

Flows based on: 240 L/capita & 0.17 L/s per ha for I/I 686 6,125 6,811 240 & 0.17

     VILLAGE  OF  CUMBERLAND

Per Capita Flow: 307 L/capita per day
1.5 Proposed Ratio of I/I to Ave Day Dry Weather Flow

Proposed
Lagoon 1400 3,253 3,253 3.41 1,000 1,000 200 200 1,500 2,500

PS
Total: 3,253 3.41 1,000 200 1,500 2,500

Lot Density: 7 Lots per ha If I/I = 0.06 L/s per ha 1,037

    COMBINED  TOTAL (Royston, Union Bay & Cumberland)
L/capita I/I

Total: 6,113 3.16 1,686 3,662 5,348 240 & 0.06
With Roy & UBay flows based on: 240 L/capita & I/I: 0.17 L/s per ha 1,686 7,625 9,311 240 & 0.17

Notes:
Pump Station Resulting 1.   Population density of 2.1 capita per dwelling for Royston & Union Bay is from the 2006 Census

Catchment Lots/ha       Village of Cumberland population from StatsBC 2010 population estimate
1 1.9
2 4.5 2.   360 L/capita per day - City of Courtenay, Town of Comox Engineering Design Standard.
3 2.3          240 L/capita per day  - 2009 CVRD "DRAFT" Sanitary Sewerage Master Plan Update, dated June 23, 2009, page 11
4 3.8          310 L/capita per day - 2005 Royston\Union Bay Sewage Collection, Treatment & Discharge Study, Section 2, page 15.
5 2.6
6 1.1 3.   0.06 L/s per ha I/I (Infiltration and Inflow) - City of Courtenay and Town of Comox Engineering Design Standard (minimum).
7 5.7         0.17 L/s per ha  - 2009 CVRD Sanitary Sewerage Master Plan Update "DRAFT", dated June 23, 2009, page 11 (for future development).
8 3.8         0.06 L/s per ha - 2005 Royston|Union Bay Sewage Collection, Treatment & Discharge Study, Section 2, page 15.

Average Density 3.27         0.06 L/s per ha - typical allowance for a new "tight" system.  0.12 L/s per ha or higher - older collection systems

4.   Lot densities for an urban single family residential area (within Courtenay and Comox, i.e., where there is a municipal sewage collection system)
        would range from 8 to 14 units per ha.  The pump station catchment area densities s are much lower due to on-site sewage disposal.

Dry Weather
Ave Day FlowPopulation Contributing

Area



CVRD
South Regional Sewage Collection, Treatment and Discharge System

Sewage Flow Estimates

Yellow cell indicates data entry required this sheet
Light yellow cell indicates data entry required, other sheet

Future Years Design Criteria
Population Density: 2.1 Capita per Dwelling Date: March 8, 2011

Lot Density: 12 Dwellings per ha Job No: 1066

Average Day Sewage Flows based on
(Per Capita Flow) 240 L/capita 240 L/capita

(I/I Rate) 0.06 L/s per ha 0.17 L/s per ha
Year Dry Wet Dry Wet

Service Weather Weather Weather Weather
Population m3/day m3/day m3/day m3/day

2010 (Cumberland, Royston, UB) 6,113 1,686 5,348 1,686 9,311

2035 (25 Years) allowing:
25% of CVRD Urban Growth 11,900 3,100 7,900 3,100 14,100
50% of CVRD Urban Growth 17,800 4,500 10,600 4,500 18,900
75% of CVRD Urban Growth 23,600 5,900 13,100 5,900 23,700

2060 (50 Years) allowing:
25% of CVRD Urban Growth 17,700 4,500 10,500 4,500 18,800
50% of CVRD Urban Growth 29,300 7,300 15,700 7,300 28,400
75% of CVRD Urban Growth 41,000 10,100 20,900 10,100 38,000

Note:
2009 CVRD Sanitary Sewerage Master Plan Update, "DRAFT"  June 23, 2009, page 13 projected most
probable service populations of (Year 50):

 - Village of Cumberland: 20,107
 - Royston/Union Bay: 22,860
  TOTAL: 42,967

For Year 25, the most probable service population was:
 - Village of Cumberland: 9,887
 - Royston/Union Bay: 11,241
  TOTAL: 21,128

These projections require close to or more than 75% of the CVRD urban growth projection to occur
   in the service area of the South Regional Sewer System.
Urban Growth is classified as 90% of the total projected growth for the entire CVRD.  The remaining 10%
  would occur in areas outside of the Core Management Areas of the Regional Growth Strategy (i.e., rural areas).
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Appendix D – Sewer System Study Area and 
Layouts 
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Appendix E – Marine Discharge Analysis 
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EXECUTIVE SUMMARY 

The Comox Valley Regional District (CVRD) is evaluating disposal options for treated municipal 
wastewater from a proposed wastewater treatment plant (WWTP) which could potentially serve the 
southern region of the CVRD which includes Royston, Union Bay and Cumberland. The objective of 
this memorandum is to provide a clear understanding of the technical and environmental merits of 

marine discharge options such that a preferred option can be recommended. 

The general marine discharge locations for this area lie between Cape Lazo to the north and Baynes 
Sound to the south.  In general, this area is highly valued for its biological productivity and recreational 
potential. 

The options assessed in this memorandum include: 

 Baynes Sound 

 East of Comox Bar 

 Cape Lazo 

The predicted peak effluent flow for the discharge was specified as 90 L/s (7,750 m3/d).  

Baynes Sound is recommended as the best option for further consideration.  Baynes Sound is 
predicted to result in the lowest construction environmental disturbance and lowest cost.  The 
maximum fecal coliform concentration in the effluent is recommended to be as high as 25,000 cfu/100 
mL depending on the distance from the outfall at which the shellfish water quality guideline of 14 

cfu/100 mL is required to be achieved. 
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Disclaimer 

The information presented in this document was compiled and interpreted exclusively for the 
purposes stated in Section 1 of the document. WorleyParsons provided this report for Associated 
Engineering solely for the purpose noted above. 

WorleyParsons has exercised reasonable skill, care, and diligence to assess the information 
acquired during the preparation of this report, but makes no guarantees or warranties as to the 
accuracy or completeness of this information. The information contained in this report is based 
upon, and limited by, the circumstances and conditions acknowledged herein, and upon 

information available at the time of its preparation. The information provided by others is believed 
to be accurate but cannot be guaranteed. 

WorleyParsons does not accept any responsibility for the use of this report for any purpose other 
than that stated in Section 1 and does not accept responsibility to any third party for the use in 

whole or in part of the contents of this report. Any alternative use, including that by a third party, or 
any reliance on, or decisions based on this document, is the responsibility of the alternative user 
or third party. 

No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any 
form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without the 
prior permission of WorleyParsons. 

Any questions concerning the information or its interpretation should be directed to  or A. 
Reviewer. 
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1. INTRODUCTION  

The Comox Valley Regional District (CVRD) is evaluating disposal options for treated municipal 
wastewater from a proposed wastewater treatment plant (WWTP) which could potentially serve the 
southern region of the CVRD which includes Royston, Union Bay and Cumberland.  WorleyParsons 

(formerly Komex International Ltd.)  was retained to prepare a technical memorandum updating the 
marine disposal feasibility study that WorleyParsons conducted in 2004 (Komex 2004).  

The southern region of the CVRD is located south of Courtenay on eastern Vancouver Island.  The 
general marine discharge locations for this area lie between Cape Lazo to the north and Baynes Sound 

to the south (Figure 1).  In general, this area is highly valued for its biological productivity and 
recreational potential and the analysis of marine discharges in this environment needs to be completed 
with this in mind.  The objective of this memorandum is to provide a clear understanding of the 

technical and environmental merits of each marine discharge option such that a preferred option can 
be recommended. 

1.1 Scope of Work 

The scope of work for the technical memorandum is as follows: 

 Conduct a literature review and summarize existing information, including the 2004 feasibility 
study, 

 Describe the characteristics of the discharge,  

 Describe, compare and contrast the potential outfall siting options 

 Estimate dilution performance and integration of the effluent into the receiving environment 
through dilution and dispersion modelling of the effluent plume.  

 Based on receiving environment characteristics and plume dynamics, recommend the effluent 
quality the treatment plant would have to achieve 

 Develop a concept design for each outfall option  

 Develop a cost estimate for each outfall option  

 Describe the regulatory framework for obtaining relevant permits for an outfall 
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2. SUMMARY OF PREVIOUS STUDY & LITERATURE REVIEW 

In 2004, WorleyParsons  authored a report “Marine Disposal Feasibility Report Royston/Union Bay 
Sewage Collection, Treatment and Disposal Study” (Komex 2004). This report provided background on 
the receiving environment characteristics (i.e. bathymetry, tides, currents, water quality, fisheries 

resources, etc), effluent requirements, as well as three proposed marine discharge options. These 
options included a discharge into Baynes Sound, a discharge east of Comox Bar, and a forcemain and 
connection to the existing Cape Lazo marine outfall.  

In addition to the 2004 WorleyParsons study, the following recent reports were reviewed for additional 
relevant information:  

 WorleyParsons. 2010. Comox Valley Water Pollution Control Centre Outfall. Stage II 
Environmental Impact Study. Report to the Comox Valley Regional District.  

 Hay & Company Consultants Inc. 2003 Baynes Sound Carrying Capacity Study. Field data 
Report. Report to British Columbia Ministry of Agriculture, Food and Fisheries.  

Other data resources were also utilized such as the Coastal Resource Information System (GEOBC 
2007) and Mapster (DFO 2009) to obtain coastal and marine data.  The following subsections briefly 
summarize the information taken from the literature review that is relevant to the marine discharge 
analysis. 

2.1 Receiving Environment Characteristics 

The water body where the effluent is deposited is known as  the receiving waters or the receiving 
environment. The level of treatment prescribed in the BC Municipal Sewage Regulation (MSR) is 

based in part on the characteristics of the receiving environment. The level of treatment is primarily 
based on anticipated circulation of the water body (i.e. is the effluent discharged to embayed or open 
marine water). Secondarily, allowable ammonia nitrogen and fecal coliform concentrations in the 

effluent are based on the predicted dilution of the effluent plume and the proximity to sensitive areas 
(i.e. recreational areas, shellfish harvesting areas or sensitive habitat). The dynamics of how the 
effluent plume integrates into the receiving environment is highly dependent on the physical 

oceanographic characteristics (tides, currents, temperature, and salinity) of the receiving environment.  

2.1.1 Embayment and Flushing Capability 

The MSR (WLAP 1999) prescribes minimum effluent quality standards depending on the degree of 
flushing the receiving environment provides.  A discharge to embayed water requires a higher level of 
treatment than discharges to open marine waters that are well-flushed. The MSR defines embayed 
waters as, “marine waters located on the shore side of a line up to 6 km long drawn between any two 

points on a continuous coastline, or located so that the maximum width of sea access by any route is 
less than 1.5 km wide, or marine waters in which flushing action is considered to be inadequate. Open 
marine waters are waters that are not considered embayed or waters that have adequate flushing”.  
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were assumed for dilution modelling purposes, as this is anticipated to be the worst case (i.e. lowest 
potential for dilution).  

2.1.3 Water Column Density 

Municipal wastewater effluent has a density close to that of fresh water. When the effluent is 
discharged into the denser saltwater marine environment it will be buoyant and rise towards the 

surface. As the effluent plume rises it mixes with the surrounding receiving environment and increases 
in salinity/density. The mixing and the height the effluent plume rises in the water column is dependent 
on the salinity/density profile.  

In Baynes Sound the salinity profiles are affected by rainfall/runoff.  In profiles measured during winter 
months the surface waters are much less dense than the underlying water. During the summer, when 
runoff from surrounding rivers is low the salinity of the water column is much more consistent 
throughout the water column. For a discharge to Baynes Sound, the effluent plume was modelled with 

a highly stratified winter water column profile and an unstratified summer water column profile.  

On the east side of Comox Bar and near Cape Lazo the water column profiles suggest that during the 
winter the water column is actually less stratified during the winter months, and that in the summer 
salinity is reduced in the top 15 m of the water column. 

Water column temperature and salinity profiles measured in northern Baynes Sound and near Cape 
Lazo are shown in Figure 2.   

2.1.4 Currents 

Marine outfall discharges are subject to tidal forces.  Flood tides in Baynes Sound bring surface water 
from the Strait of Georgia, across Comox Bar and south into Baynes Sound.  Ebb tides within Baynes 
Sound move some surface water east, across Comox Bar, and push some water further south into 
Baynes Sound.  Surface current velocities range between 0.5 and 0.75 m/s.  Subsurface currents in 

Baynes Sound move both south within the Sound, and east across Comox Bar.  These current 
velocities range between 0.05 and 0.5 m/s.  Currents in the Strait of Georgia will be significantly 
impacted by wind.  Current velocities within the Strait were predicted to be 0.15 m/s to 0.25 m/s.  

The effluent plume was modeled for both a high current velocity condition and a low velocity. The high 
velocity condition was modeled with surface water at 0.75 m/s, and 0.5 m/s below a depth of  
10 m. The low velocity condition was modeled at a current velocity of 0.05 m/s throughout the entire 
water column. The peak current velocities were altered slightly from those modelled in 2004, as current 

profiles measured as part of the Baynes Sound Carrying Capacity study (Hayco  2003) suggest that 
currents below 10 m were generally slower than currents at shallower depths.    

Tidal currents from the Strait of Georgia, as well as estuarine circulation patterns provided by the 
numerous drainages that flow into Baynes Sound and Comox Harbour provide mixing in the area. 

Rivers such as Trent, Courtenay, Tsolum, Brown and Puntledge are the major drainages that flow into 
the study area.  
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2.1.5 Winds 

The winds experienced at Comox will have a larger effect on ocean currents for disposal locations in 
the Strait of Georgia, than for disposal within Baynes Sound.  This is because Baynes Sound is more 

protected from wind activity than the Strait of Georgia.  The effect of the wind directions recorded in the 
area (southeast and northwest) will tend to move surface waters subparallel to the Strait of Georgia 
coast in the study area as opposed to onshore. 

2.1.6 Water Quality 

Marine water quality in the vicinity of the potential marine discharge locations has been measured over 
the last forty years.  Shellfish closures within Comox Harbour and the north end of Baynes Sound are a 

result of high fecal concentrations attributed to non-point source pollution (failing septic tanks leaching 
onto the foreshore, stormwater drains, agriculture run-off, vessel discharges).  

Baseline and post discharge water quality monitoring at the Cape Lazo outfall were conducted by 
Environment Canada (Env Can 1984, 1986). The water quality monitoring found that the Cape Lazo 

outfall had no significant impact on water quality after one year of discharge. 

2.1.7 Fisheries Resources 

Baynes Sound is a significant shellfish harvesting area, signified by the presence of over a hundred 
shellfish farms and clam beds (GEOBC 2007).  The intertidal foreshore area of Comox Harbour is 
under a shellfish sanitary closure (Closure # 14.1) that extends from Union Point, across Comox 
Harbour to Cape Lazo. The intertidal waters of eastern Vancouver Island in Baynes Sound are also 

under numerous shellfish contamination closures (14.3, 14.4, 14.12, 14.22A, 14.22B, 14.22C). 

The Strait of Georgia supports commercial fisheries such as salmon, groundfish, shrimp, prawns, 
bivalves, geoducks and sea urchins (GEOBC 2007). In addition, Baynes Sound supports a herring roe 
commercial fishery (GEOBC 2007). 

The location of shellfish harvesting areas, are shown on Figures 3 and 4.  A marine discharge would 
need to be located such that shellfish harvesting areas are not compromised by a potential degradation 
of water quality from the discharged effluent. At a minimum, the terminus of an outfall must be located 
at least 400 m from shellfish areas (as defined in the MSR).   



 
 

 

Page 6 09426_MA_RPT_CVRD South Regional Sewage System Marine Discharge Analysis_0001

  

Spawning records for Pacific Herring (Clupea harengus pallasi) show significant herring spawning 
locations throughout the study area (Hay, et al. 2010). Comox Harbour, the east side of Denman Island 

and Hornby Island area ranked as Vital spawn areas (Figure 5), the top 5% in terms of cumulative 
herring spawn in BC.  Herring also spawn in Baynes Sound, ranked as Major and High spawn areas, 
70-95% in terms of cumulative spawn in BC. 

3. DISCHARGE CHARACTERISTICS 

The estimated effluent flows were provided to WorleyParsons by Associated Engineering (pers.com 
Tom Robinson 2011). The predicted peak effluent flow was specified as 90 L/s (7,750m3/d). The 
discharge options were assessed under the following conditions. 

Winter: 

 2060 wet weather max day flow = 90 L/s (7,750 m3/d ) 

 2035 wet weather max day flow = 64 L/s (5,500 m3/d ) 

 Discharge temperature = 7 C (based on winter wastewater temperature of 12 C, with 5 C 
heat recovery from treated effluent for beneficial reuse) 

Summer: 

 2060 dry weather avg day flow = 50 L/s (4,300 m3/d ) 

 2035 dry weather avg day flow = 34 L/s (2,900 m3/d ) 

 Discharge temperature = 20°C 
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4. OUTFALL CONCEPTUAL DESIGN 

Four options were proposed as potential marine points of discharge.  Outfall alignments were chosen 
to access the points of discharge and assumed that suitable shoreline access will be available for the 
routing of the outfall.  

The concept designs for the outfall options consist of high density polyethylene (HDPE) pipe with a DR 
rating of 17.  Concrete pipe sections slipped over the HDPE pipeline and secured to the pipeline using 
rope is a reliable and economical weighting method.  At a minimum, the pipeline will be buried through 
the intertidal zone and shallow subtidal zone to a depth of between 5-10 m (relative to chart datum) for 

protection against wave forces.  The length and depth of burial will depend on site conditions, wave 
exposure, and degree of hazards present (eg. Anchoring).  

The terminus of the outfall may consist of one port (or more as determined during design optimization) 
fitted with a variable orifice valve, typically a Tideflex® valve.  The port(s) will be oriented vertically to 

maximize near field dilution.   

The following subsections describe the concept design details specific to each option.  A summary 
table showing the key details of each concept design option is provided in Table A. 

4.1 Baynes Sound North 

This discharge option is located in the northern portion of Baynes Sound, outside the 6 km line on of 
embayment (as defined in the MSR).  Hydrodynamic modeling conducted by Hayco (see Section 2.1.1) 
suggests that this region of Baynes Sound has a low degree of flushing, and; therefore, the northern 

most region of Baynes Sound was omitted from further discussion.   

4.2 Baynes Sound  

This option is located in Baynes Sound west of Sandy Islands. The outfall would leave the shoreline at 
Brolin Rd. and extend approximately 2,100 m from the shore, terminating at a depth of 33 m. A plan 
and profile for the Baynes Sound option is shown on Figure 6.  Approximately 500 m of trenching 
would be required to bury the shoreward end of the outfall. 

An outfall pipeline diameter of 400 mm (16 inch) would allow gravity flow from the treatment plant with 
a head loss in the outfall of around 12 m. 

4.3 East of Comox Bar 

This outfall option crosses Baynes Sound, crosses over Comox Bar, and terminates on the east side of 
Comox Bar. The outfall would leave the shoreline somewhere between Ebbtide Rd and Amber Way, 
extend approximately 6,700 m offshore, and terminate at a depth of approximately 75 m depth. A plan 
and profile of this option is shown in Figure 7.   
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This outfall option poses a number of engineering and permitting challenges.  A reverse grade will be 
unavoidable to cross over Comox Bar.  This will require a vent structure at the high point over Comox 

Bar.  A vent structure in the water poses a potential navigational hazard as well as engineering 
challenges to withstand storm conditions.  The concept design assumes the pipeline would make 
landfall on Sandy Island for the purpose of venting at the high point.  Sandy Island lies within a 

provincial marine park for which there is an approval process available for allowing infrastructure to be 
constructed within a park (pers. comm. Drew Chapman, 2011).  A Comox Bar crossing combined with 
a landfall at Sandy Island will likely result in adverse impacts to sensitive and or valued habitat, 

recreational values and commercial shellfish harvesting. 

A 500 mm (20 inch) diameter pipeline weighted with concrete pipe sections would be suitable for a 
gravity flow from the treatment plant with a head loss of around 17 m. 

Approximately 300 m of trenching would be required to bury the shoreward end of the outfall at the 
Vancouver Island shoreline.  To protect the pipeline over Comox Bar, additional protection will be 

required over approximately 2,000 m.  This could be in the form of pipeline burial or armouring, or a 
combination of the two.  To reduce the footprint of environmental impacts, trenching may have to be 
completed by sheet piling the trench limits, using a barge mounted clamshell dredge to excavate 

between the sheet pile walls, then removing the sheet pile once the pipeline is installed and backfilled.  
Armouring could be accomplished with rip-rap or concrete mattresses.  The method of protection will 
depend on site conditions. 

The environmental disturbance associated with crossing Comox Bar will result in additional permitting 
and environmental management related costs and will likely result in substantial stakeholder 
consultation and habitat compensation.  

4.4 Twinning Cape Lazo Outfall 

This option consists of a new outfall parallel to the existing Cape Lazo outfall. The existing Cape Lazo 
outfall is operating near capacity and cannot accommodate additional flows. A plan and profile for the 
Cape Lazo option is shown on Figure 8.   

The discharge would flow by gravity through a 450 mm (18”) diameter pipeline weighted with concrete 
pipe weight sections, providing a head loss of around 17 m.  The outfall would enter the foreshore near 
the intersection of Lazo Rd and Sand Pines Dr, parallel the shoreline through the intertidal zone for 
approximately 1,600 m, then continue offshore approximately 2,900 m (2,000 of which should be 

buried) to approximately 60 m depth.  Environment and engineering data associated with the existing 
Cape Lazo outfall would provide cost savings to establishing a second outfall at Cape Lazo.  Due to the 
long length of foreshore disturbance through shallow, productive habitat areas, environmental 

management and habitat compensation requirements are likely to be significant. 
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Table A Summary of outfall option parameters 

Description Baynes Sound East of Comox Bar Cape Lazo 

Outfall Diameter (mm) 400 500 450 

Outfall Length* (m) 2,100 6,700 4,500 

Terminus Depth (m) 33 75 60 

Discharge Type Gravity Gravity Gravity 

Max Flow (m3/day) 13,500 13,500 13,500 

Max Flow Velocity (m/s) 1.6 1.0 1.2 

Max Head Loss (m) 15 17 17 

*Outfall length = distance from shoreline to terminus and does not account for the distance from the 
treatment plant to the shoreline. 

4.5 Outfall Costs 

The cost of developing an outfall consists of several cost categories throughout the life cycle of the 
infrastructure including: 

1. Engineering, Permitting and Environmental Management – This includes design phases, 
tendering, construction management, permitting with multiple agencies (eg. MOE, DFO, 

Transport Canada, BC Lands), Environmental Management during construction and habitat 
compensation. 

2. Construction – This includes materials, labour and contractors’ overhead and profit. 

3. Operations and Maintenance – This includes engineering outfall inspections every five years 
and receiving environment monitoring and reporting to MOE each year. 

Costing for each of the options is provided in Table B.  It was assumed, for operations and 
maintenance costs, that the time period would be over 50 years.  Costs were developed as if all work 
were completed at 2011 rates.  
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Table B Summary of Life Cycle Costs for Outfall Option 

Cost Category Baynes Sound East of Comox Bar Cape Lazo

Engineering, Permitting and 
Environmental Management 

$500,000 $900,000 $500,000

Construction 

Buried/Protected Pipeline 

Unprotected Pipeline 

Vent Structure 

Construction Subtotal 

$375,000

$800,000

N/A

$1,175,000

 

$2,415,000 

$3,080,000 

$200,000 

$5,695,000 

$2,530,000

$495,000

N/A

$3,025,000

Operations and Maintenance 
(incl. Receiving Environment 
Monitoring) over 50 yrs 

$2,600,000 $2,800,000 $2,650,000

Total $4,275,000 $9,395,000 $6,175,000

 

5. DILUTION ANALYSIS  

Dilution modelling of the effluent discharge was updated from the 2004 feasibility report, with present 
estimated flow rates, and revised discharge locations and depths.  

Dilution analysis was completed to predict the concentration of the effluent as it travels away from the 
outfall terminus during initial dilution and subsequent dispersion, and to predict the trapping depth of 

the effluent plume.  Modelling was conducted using the U.S. Environmental Protection Agency 
(USEPA) computer modelling package Visual Plumes, which is recommended by the Ministry of 
Environment for the dilution model of effluent plumes (MELP 2000).  The Visual Plumes model predicts 

the dilution of the effluent plume during the initial dilution and subsequent dispersion.  The initial 
dilution of the effluent plume was modelled using the UM3 model within Visual Plumes which is based 
on the UM model (Baumgartner, et al. 1979). 

The initial dilution of the effluent plume occurs as a result of the dissipation of momentum and energy 
immediately after discharge and the entrainment associated with the buoyant rise of the effluent plume.  
The effluent plume will continue to rise until the density of the effluent plume reaches that of the 
surrounding water. The depth where this occurs is referred to as the “trapping depth”. Subsequent 

dispersion refers to the reduction in concentration as the effluent mixes with the receiving environment 
through ambient turbulence as current moves the plume laterally. The effluent plume was modeled to 
estimate the minimum dilution and the shallowest trapping depth, which are considered to be the two 

“worst case scenarios” for marine discharges. 
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5.1 Effluent/Outfall Parameters 

Three outfall options were modeled, Baynes Sound, East of Comox Bar and Cape Lazo. The Baynes 
Sound and Comox Bar outfall options were both modelled assuming a single port outfall. The Cape 

Lazo outfall was modeled assuming the configuration of the existing outfall as the more complex 
discharge configuration of a large multi-port diffuser beside a single-port diffuser cannot be simulated in 
the Visual Plumes model.  It has therefore been assumed that the combined flow is discharge from the 

existing diffuser configuration.  The existing Cape Lazo outfall diffuser is located at a depth of 60 m. 
The diffuser has 118 ports with individual port diameters of 0.15 m.  The parameters input to the model 
are summarized in Table C. 

Table C Modeling Input 

Parameter  Unit Baynes Sound East of Comox Bar Cape Lazo

Port Diameter  m 0.4 0.4 0.15
Port Elevation  m 0.3 0.3 0.3
Vertical Angle m 90 90 0
Horizontal Angle m 0 0 90
Number of Ports 1 1 118
Port Spacing m n/a n/a 1.5
Port depth  m 33 70 60
Effluent Flow  m3/s 0.156 0.156 0.981
Effluent Salinity  psu 0 0 0
Effluent Temperature  C 10 10 15
Effluent Concentration  % 100 100 100

The effluent plume was modeled for a range of effluent flow rates and temperatures representing both 
winter and summer wet weather flow rates  for the year 2060 and 2035 (pers.com. Robinson, 2011).  It 

was assumed that the terminus of the outfall for Baynes Sound and Comox Bar would be fitted with a 
variable orifice Tideflex®) valve. The port diameter of the outfall will therefore vary with effluent flow 
rate.  The modeled flow rates, effluent temperatures, and corresponding port diameter for the Baynes 

Sound and Comox Bar outfall options are provided in Table D.  

Table D Effluent Properties (Baynes Sound and East of Comox Bar) 

Winter Wet Weather Summer Wet Weather 

Year  2060 2035 2060 2035 
Flow (m3/d) 7,750 5,500 4,300 2,900 
Flow (m3/s) 0.090 0.064 0.050 0.034 
Temp 7 7 20 20 
Port Diameter (m) 0.19 0.17 0.16 0.15 



 
 

 

Page 12 09426_MA_RPT_CVRD South Regional Sewage System Marine Discharge Analysis_0001

  

The discharge at Cape Lazo was modeled use the peak anticipated flow of 72,300 m3/d in 2017 from 
the existing discharge (WorleyParsons 2010) combined with the range of effluent flows from the 

Royston/Union Bay area. The combined flow rates are provided in Table E. 

Table E Effluent Properties (Cape Lazo) 

Winter Wet Weather Summer Wet Weather 

Year  2060 2035 2060 2035 

Effluent Flow  7,750 5,500 4,300 2,900 

Combined Flow (m3/d) 80,050 77,800 76,600 75,200 

Combined Flow (m3/s) 0.927 0.900 0.887 0.870 

Temp (C)  15 15 15 15 

 

5.2 Ambient Parameters 

The effluent plume was modeled for both oceanographic conditions described in Section 2.1.3. 
Specifically, the plume was modeled for both summer and winter water column profiles (i.e. 
temperature and salinity) and low and high current velocities measured in the vicinity of Baynes Sound 
and Cape Lazo. The low current condition was assumed to be 0.05 m/s through the entire water 

column. The high current velocity condition used for Baynes Sound and Comox Bar assumes 0.75 m/s 
at the surface and 0.5 m/s below 10 m. The high current speeds used in the Cape Lazo dilution model 
are based on the 90th percentile current velocity measured in the vicinity of the outfall (WorleyParsons 

2010). The modeled high current velocity was 0.96 m/s at the surface dropping linearly to a speed of 
0.32 m/s at depth of 40 m.   

5.3 Model Predictions  

Complete results from the dilution modelling are provided in Table A - J.The trapping depth, dilution at 
the boundary of the initial dilution zone (100 m) and at a  minimum distance from the point of discharge 
for Options 2 and 3 to the nearest potential shellfish harvesting (1000 m) are provided for each 

scenario modelled.  

5.3.1 Trapping Depth  

The minimum trapping depths of the effluent plume are provided in Table F.  

 

Table F Minimum Predicted Trapping Depth (m below surface) 

Discharge Option  Effluent Flow (m3/d) 
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7,750 5,500 4,300 2,900 

Baynes Sound 12 13 14 14 

East of Comox Bar 17 18 19 19 

Cape Lazo 31 32 32 32 

The minimum trapping depths are predicted to occur during periods of low stratification and low current 
velocities. For the scenarios modelled, the effluent plume is predicted to remain trapped at least 10 m 

below the water’s surface. Therefore, the effluent plume is not predicted to reach any receptors at the 
water’s surface such as potential recreational users or the shoreline without additional mixing.   
For both the Baynes Sound and East of Comox Bar discharge scenarios the effluent plume is predicted 

to rise to a depth less than 20 m.  Geoduck resources are practically harvested to a maximum depth of  
20 m; therefore, during low current conditions the effluent plume has the potential of reaching the 
shallow depths that shellfish harvesting occur within.   

5.3.2 Dilutions 

The minimum predicted volumetric dilutions of the effluent plume at a distance of 100 m are provided in 
Table G.  

Table G Minimum Predicted Effluent Plume Dilution @ 100 m (#:1) 

Discharge Option  
Effluent Flow (m3/d) 

7,750 5,500 4,300 2,900 

Baynes Sound 230 292 355 475 

East of Comox Bar 423 535 648 869 

Cape Lazo 174 177 178 180 

The minimum predicted volumetric dilutions of the effluent plume at a distance of 1,000 m are provided 
in Table H.  
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Table H Minimum Predicted Effluent Plume Dilution @ 1000 m (#:1) 

Discharge Option  
Effluent Flow (m3/d) 

7,750 5,500 4,300 2,900 

Baynes Sound 1,789 2,105 2,451 2,938 

East of Comox Bar 5,319 6,958 8,582 11,869 

Cape Lazo 671 680 686 694 

For the scenarios modelled, the minimum dilution of the effluent plume is predicted with the peak 
effluent flow.  The predicted dilution can then be used to back calculate maximum effluent 
concentrations of pollutants based on receiving water quality guidelines. A key concern by 

stakeholders will likely be risk to human health from pathogens.  Fecal coliforms are the indicator used 
to represent the presence of pathogens in effluent.  The maximum allowable fecal coliform 
concentrations in the effluent, based on the peak effluent flow rate of 13,500 m3/day, are provided in 

Table I.  The maximum fecal coliform concentrations in the effluent are provided for two situations: 

1. Meeting the shellfish water quality guideline at the edge of the IDZ 

2. Meeting the shellfish water quality guideline at the minimum distance to shellfish bed locations 
(1000 m). 

The effluent criteria are based only on the predicted volumetric dilution of the effluent plume. Actual 
concentrations of fecal coliforms in the receiving environment are anticipated to be less as a result of 

the natural decay (die off) of fecal coliforms in the marine environment.    
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Table I Maximum Fecal Coliform Concentration in the Effluent to Meet Shellfish Water Quality 
Guidelines at Two Distances from the Point of Discharge 

Discharge Option  
Concentration of fecal coliforms (cfu/100 mL)  

IDZ (100m) 
Distance to Nearest 
Shellfish Receptor 

(1000 m) 

Water Quality Guideline 14 14 

Baynes Sound 3,220 25,046 

East of Comox Bar 5,922 74,466 

Cape Lazo 2,436 9,394 

 

6. REGULATORY FRAMEWORK 

6.1 Ministry of Environment – Discharge Authorization  

It is anticipated that the proposed wastewater discharge will be authorized under the Municipal Sewage 
Regulation (MSR). As part of the authorization process, an environmental impact study (EIS) will be 
required for the wastewater treatment facility and the discharge.  

The scope of the EIS will be based on the scope outlined in the Environmental Impact Study 
Guidelines — A Companion to the Municipal Sewage Regulation  (MELP 2000).  For a discharge with 
a maximum daily flow greater than 10,000 m3/d discharging to open marine waters, the guideline 
recommends a two-stage EIS.   The scope of the Stage I EIS usually involves a desktop study to 

address the following items:  

 influent and effluent character tics, including flow, quality (BOD5, TSS, Total P, NH3 and fecal 
coliform) and source control measures; 

 inventory receiving water uses such as fisheries resources, commercial and shellfish leases,  
recreational uses, or other uses; 

 oceanographic characteristics such as currents, tides, influences of wind, water column 
profiles, water quality  

 identification any existing or proposed nearby discharges, including their quantity and 
quality; 

 determination of the outfall depth/distance requirement using Schedule 7, Appendix 2 of the 
MSR; 
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 determination of the “general location for outfall terminus based on providing protection to 
known fisheries resources, shellfish areas, recreational uses and commercial foreshore 

uses, with due consideration for the siting of the treatment plant and the economics of 
effluent transport from the plant site to the outfall” (MELP, 2000). 

 estimation of receiving water quality at edge of IDZ and at any areas of concern (water 
intakes, shellfish areas, beaches, etc.) for the 2 times average dry weather flow secondary 

treatment requirement set out in Schedule 3 of the MSR and compare these results with the 
water quality guidelines 

 Based on the analysis of the foregoing study items, recommend a pre-discharge 
environmental monitoring program, new data acquisition requirements, and the scope of 

work for Stage 2 of the EIS 

The basis for a detailed Stage II EIS would include the collection of site specific data.  The scope of 
this Stage II EIS should include at a minimum: 

 pre-discharge monitoring; 

 determination of currents using drogues and a current meters. The drogues investigation 
should map currents over a complete tidal cycle and the current meter should be deployed 

for a minimum of one month; 

 conductivity, temperature and depth (CTD) profiles; 

 updated dilution modeling with site specific data  to provide estimation of receiving water 
quality at edge of IDZ and at any areas of concern; 

 confirmation of minimum effluent requirements; and,  

 recommendations of post-discharge effluent and environmental monitoring programs.  

6.2 Fisheries and Oceans Canada – Fisheries Act 

Construction near or within the marine environment is subject to Section 35 (1) of the Fisheries Act 
(Canada 1985a), that states “no person shall carry on any work or undertaking that results in the 
harmful alteration, disruption or destruction of fish habitat.”  Depending on the severity of potential 

impacts, Fisheries and Oceans Canada (DFO) provides approvals in the form of a Letter of Advice or 
an Authorization for Works or Undertakings Affecting Fish Habitat.  Approval documents will typically 
outline specific conditions under which construction can take place. These conditions include 

construction practices which must be avoided along with the time of year for which the construction can 
take place.   

6.3 Integrated Land Management Bureau - Licence of Occupation  

The outfall will be constructed over crown seabed through the intertidal and subtidal zones.  A Licence 
of Occupation will need to be secured from the Integrated Land Management Bureau (ILMB) for the 
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outfall.  The application package with ILMB will require the preparation of the application form, site 
plans, a management plan, and obtaining the consent for any crossings of upland owners related to the 

installation of the outfall.  Once the application has been received by ILMB, the application process is 
140 days.  During this time ILMB will require the applicant to stake the proposed licence, publicly 
advertise the application and consult with First Nations.  

6.4  Ministry of Environment - Sandy Island Provincial Park 

If the proposed outfall is to be constructed through the boundaries Sandy Island Provincial Park a Land 
Use/Occupancy Permit would be required for the outfall right-of-way. The boundaries of the park are 

defined in the Protected Areas of British Columbia Act as “all those parcels or tracts of Crown land, 

together with all that foreshore or land covered by water, situated in Nanaimo District and contained 
within the described boundaries as shown on the Official Plan deposited in the Crown Land Registry as 
Plan 14 Tube 1918.” (British Columbia 2000). Therefore, this would include the portion of the outfall 
above high water and in the foreshore within the park boundaries. The application would be subject to 
BC Parks approval and would have to follow the BC Parks Impact Assessment Process, including a 

preliminary screen, detailed screen and full impact assessment.  

6.5 Transport Canada – Navigable Waters Protection Act 

Structures placed in the marine environment trigger the following section in the Navigable Waters 
Protection Act (Canada 1985b) which is administered by Transport Canada.  It states: 

5.(1) No work shall be built or placed in, on, over, under, through or across any navigable water unless  

(a) the work and the site and plans thereof have been approved by the Minister, on such terms and 
conditions as the Minister deems fit, prior to commencement of construction;  

Outfalls do not typically cause navigational concerns due to their low profile on the seabed.  On site 
signage indicating the presence of the outfall to mariners will be a requirement by Transport Canada. 
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7. CONCLUSIONS 

Three potentially feasible options for disposing treated effluent from the southern region of the Comox 
Valley Regional District were carried through the analysis described in this memorandum.  A fourth 
option, Baynes Sound north, was discarded prior to analysis.  A summary of how the options compare 
against one another on a technical and environmental basis are provided in Table J, where 1 is best 

and 3 is worst. 

Table J Comparison of Marine Discharge Options 

Option 
Dilution 

Performance 

Trapping 
Depth 

Performance 

Construction 
Environmental 

Impact 
Cost 

Overall 
Evaluation 

Baynes Sound 2 3 1 1 1 

East of Comox Bar 1 2 3 3 3 

Cape Lazo 3 1 2 2 2 

With respect to water quality and risk to recreational and commercial values, all three options can 
provide a reliably safe discharge that respects the water quality of the receiving environment, in 
conjunction with the appropriate level of wastewater treatment and pathogen removal.  It is likely an 

appropriately engineered treatment and marine disposal system will improve water quality in the 
Baynes Sound area, reducing the level of contaminated runoff into the foreshore and surrounding 
marine environment. 

Further improvements to discharge performance would typically be achieved through outfall design 
optimization. 

The Baynes Sound option is recommended as the best option for further consideration.  This option is 
predicted to result in the lowest construction environmental disturbance and lowest cost.  The 
maximum fecal coliform concentration in the effluent is recommended to be as high as 19,250 cfu/100 

mL depending on the distance from the outfall at which the shellfish water quality guideline of 14 
cfu/100 mL is required to be achieved. 
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Personal Communication  

Chapman, Drew, BC Parks, Area Supervisor. 

Thomas Robinson, M.A.Sc, P.Eng. Associated Engineering.  Wastewater Practice Leader. Email dated 
March 21, 2011 
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Appendix 1  Dilution Modeling Results 
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Table 4 Predicted Dilution at 1000 m (Baynes Sound) 

Current 
Velocity  

Ambient Properties  
(Water Column Profile) 

Effluent Flow (m3/d) 

7,750 5,500 4,300 2,900 

High  
Summer - (Low Stratification) 3,022 3,956 4,892 6,488 

Winter - (High Stratification) 1,789 2,105 2,451 2,938 

Low  
Summer - (Low Stratification) 3360 4394 5414 7463 

Winter - (High Stratification) 3609 4709 5811 8066 

Minimum 1,789 2,105 2,451 2,938 

Dilution Modeling Results – East of Comox Bar 

Table  5 Trapping Depth (East of Comox Bar) 

Current 
Velocity  

Ambient Properties  
(Water Column Profile) 

Effluent Flow (m3/d) 

7,750 5,500 4,300 2,900 

High  
Summer - (Low Stratification) 32 38 42 47 

Winter - (High Stratification) 44 44 44 47 

Low  
Summer - (Low Stratification) 17 18 19 19 

Winter - (High Stratification) 39 40 41 42 

Minimum 17 18 19 19 

Table 6 Predicted Dilution at 100 m (East of Comox Bar) 

Current 
Velocity  

Ambient Properties  
(Water Column Profile) 

Effluent Flow (m3/d) 

7,750 5,500 4,300 2,900 

High  
Summer - (Low Stratification) 1141 1279 1436 1632 

Winter - (High Stratification) 1165 1281 1436 1632 

Low  
Summer - (Low Stratification) 776 1047 1310 1878 

Winter - (High Stratification) 423 535 648 869 

Minimum 423 535 648 869 
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Table 10 Predicted Dilution at 100 m (Cape Lazo) 

Current 
Velocity  

Ambient Properties  
(Water Column Profile) 

Effluent Flow (m3/d) 

80,050 77,800 76,600 75,200 

High  
Summer - (High Stratification) 579 587 593 600 

Winter - (Low Stratification) 1501 1535 1554 1544 

Low  
Summer - (High Stratification) 174 177 178 180 

Winter - (Low Stratification) 508 516 520 526 

Minimum 174 177 178 180 

Table 11 Predicted Dilution at 400 m (Cape Lazo) 

Current 
Velocity  

Ambient Properties  
(Water Column Profile) 

Effluent Flow (m3/d) 

80,050 77,800 76,600 75,200 

High  
Summer - (High Stratification) 583 590 596 603 

Winter - (Low Stratification) 1982 2026 2051 2039 

Low  
Summer - (High Stratification) 305 310 313 316 

Winter - (Low Stratification) 838 852 859 868 

Minimum 305 310 313 316 

Table 12 Predicted Dilution at 1000 m (Cape Lazo) 

Current 
Velocity  

Ambient Properties  
(Water Column Profile) 

Effluent Flow (m3/d) 

80,050 77,800 76,600 75,200 

High  
Summer - (High Stratification) 671 680 686 694 

Winter - (Low Stratification) 2188 2235 2261 2253 

Low  
Summer - (High Stratification) 676 687 693 700 

Winter - (Low Stratification) 1808 1836 1852 1871 

Minimum 671 680 686 694 

 

 



FINAL REPORT 

 F-1 
 P:\20102734\00_RegSewageSysStudy\Engineering\03.00_Conceptual_Feasibility_Design\Rpt_0411\rpt_comv_treatstudy_20110427_lm.doc 

Appendix F - Cost Estimates 

 





Revision Date: 26‐Apr‐11
Latest Revision by: K. Bush
File: 20102734.00.E.03.00

Comox Valley Regional District
South Regional Sewage System Collection, Treatment and Discharge Study

Estimated Capital Costs ‐ Full Buildout (in 2011 Dollars)
SCENARIO 1 SCENARIO 2 SCENARIO 3

Brolin Road Area Herondale / Spindrift Area Herondale / Spindrift Area
MBR WWTP  HRAS WWTP  HRAS WWTP 

Item Percentage Outfall to Baynes Sound Outfall to Georgia Strait Outfall off Cape Lazo
Full Build‐Out ‐ All Stages
DIRECT COSTS
Base Construction Cost Estimate
Collection System 25,700,000$                         25,700,000$                         25,700,000$                        
Treatment Facility 16,200,000$                         14,700,000$                         14,700,000$                        
Outfall 1,320,000$                           5,852,500$                           8,677,000$                          
Energy Recovery System at Pump Station No. 2 225,000$                              225,000$                              225,000$                             

Subtotal 43,445,000$                         46,477,500$                         49,302,000$                        

Design Contingency 10% 4,344,500$                           4,647,750$                           4,930,200$                          
Construction Contingency 15% 6,516,750$                           6,971,625$                           7,395,300$                          

Subtotal 54,306,250$                         58,096,875$                         61,627,500$                        

INDIRECT COSTS
Engineering 15% 8,145,938$                           8,714,531$                           9,244,125$                          
Administration 3% 1,629,188$                           1,742,906$                           1,848,825$                          
Environmental Impact Studies & Permitting Lump Sum 400,000$                              600,000$                              500,000$                             
Miscellaneous 2% 1,086,125$                           1,161,938$                           1,232,550$                          

Subtotal 65,567,500$                         70,316,250$                         74,453,000$                        

TOTAL CAPITAL COST (excluding land purchase) 65,567,500$                         70,316,250$                         74,453,000$                        

Land Purchase 563,625$                              473,000$                              473,000$                             

TOTAL CAPITAL COST (including land purchase) 66,131,125$                         70,789,250$                         74,926,000$                        

Notes:
Capital costs for Full Build‐Out include total costs for infrastructure for collection system, wastewater treatment plant, outfall and energy recovery system at pump 
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Comox Valley Regional District
South Regional Sewage System Collection, Treatment and Discharge Study

Estimated Capital Costs ‐ Stage 1 (2014) (in 2011 Dollars)
SCENARIO 1 SCENARIO 2 SCENARIO 3

Brolin Road Area Herondale / Spindrift Area Herondale / Spindrift Area
MBR WWTP  HRAS WWTP  HRAS WWTP 

Item Percentage Outfall to Baynes Sound Outfall to Georgia Strait Outfall off Cape Lazo
STAGE 1 (2014)
DIRECT COSTS
Base Construction Cost Estimate
Collection System 13,170,000$                          13,170,000$                          13,170,000$                         
Treatment Facility 12,500,000$                          11,000,000$                          11,000,000$                         
Outfall 1,320,000$                            5,852,500$                            8,677,000$                           
Energy Recovery System at Pump Station No. 2 225,000$                               225,000$                                 225,000$                              

Subtotal 27,215,000$                          30,247,500$                          33,072,000$                         

Design Contingency 10% 2,721,500$                            3,024,750$                            3,307,200$                           
Construction Contingency 15% 4,082,250$                            4,537,125$                            4,960,800$                           

Subtotal 34,018,750$                          37,809,375$                          41,340,000$                         

INDIRECT COSTS
Engineering 15% 5,102,813$                            5,671,406$                            6,201,000$                           
Administration 3% 1,020,563$                            1,134,281$                            1,240,200$                           
Environmental Impact Studies & Permitting Lump Sum 400,000$                               600,000$                                 500,000$                              
Miscellaneous 2% 680,375$                               756,188$                                 826,800$                              

Subtotal 41,222,500$                          45,971,250$                          50,108,000$                         

TOTAL STAGE 1 CAPITAL COST (excluding land purchase) 41,222,500$                          45,971,250$                          50,108,000$                         

Land Purchase 563,625$                               473,000$                                 473,000$                              

TOTAL STAGE 1 CAPITAL COST (including land purchase) 41,786,125$                          46,444,250$                          50,581,000$                         

Notes:
Capital costs for Stage 1 include collection system, wastewater treatment plant to 2035 capacity, and outfall.
Stage 1 collection system cost estimates include PS No. 9 (Cumberland) , PS No. 2, PS 7 and costs of forcemain for PS No. 3, PS No. 4, PS No. 5, and PS No. 6.

Capital Cost Escalation:
  Year of capital costs = 2011
  Mid‐point of construction = 2014
  Annual inflation allowance = 3.0% per year
  Calculated escalation factor = 1.09

TOTAL STAGE 1 CAPITAL COSTS (w. land purchase) (2014 dollars) 45,660,827$                          50,750,886$                          55,271,224$                         
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Comox Valley Regional District
South Regional Sewage System Collection, Treatment and Discharge Study

Estimated Capital Costs ‐ Stage 2 (2019) (in 2011 Dollars)
SCENARIO 1 SCENARIO 2 SCENARIO 3

Brolin Road Area Herondale / Spindrift Area Herondale / Spindrift Area
MBR WWTP  HRAS WWTP  HRAS WWTP 

Item Percentage Outfall to Baynes Sound Outfall to Georgia Strait Outfall off Cape Lazo
STAGE 2 (2020)
DIRECT COSTS
Base Construction Cost Estimate
Collection System 9,500,000$                           9,500,000$                           9,500,000$                          
Treatment Facility ‐$                                       ‐$                                        ‐$                                      
Outfall ‐$                                       ‐$                                        ‐$                                      
Energy Recovery System at Pump Station No. 2 ‐$                                       ‐$                                        ‐$                                      

Subtotal 9,500,000$                           9,500,000$                           9,500,000$                          

Design Contingency 10% 950,000$                              950,000$                              950,000$                             
Construction Contingency 15% 1,425,000$                           1,425,000$                           1,425,000$                          

Subtotal 11,875,000$                         11,875,000$                         11,875,000$                        

INDIRECT COSTS
Engineering 15% 1,781,250$                           1,781,250$                           1,781,250$                          
Administration 3% 356,250$                              356,250$                              356,250$                             
Environmental Impact Studies & Permitting Lump Sum ‐$                                       ‐$                                        ‐$                                      
Miscellaneous 2% 237,500$                              237,500$                              237,500$                             

Subtotal 14,250,000$                         14,250,000$                         14,250,000$                        

TOTAL STAGE 2 CAPITAL COST  14,250,000$                         14,250,000$                         14,250,000$                        

Notes:
Stage 2 collection system cost estimates include PS No. 1, PS No. 3, and PS No. 4. Forcemain costs for PS No. 3 and PS No. 4 were included in Stage 1.
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Comox Valley Regional District
South Regional Sewage System Collection, Treatment and Discharge Study

Estimated Capital Costs ‐ Stage 2 (2029) (in 2011 Dollars)
SCENARIO 1 SCENARIO 2 SCENARIO 3

Brolin Road Area Herondale / Spindrift Area Herondale / Spindrift Area
MBR WWTP  HRAS WWTP  HRAS WWTP 

Item Percentage Outfall to Baynes Sound Outfall to Georgia Strait Outfall off Cape Lazo
STAGE 3 (2030)
DIRECT COSTS
Base Construction Cost Estimate
Collection System 3,030,000$                           3,030,000$                           3,030,000$                          
Treatment Facility 3,700,000$                           3,700,000$                           3,700,000$                          
Outfall ‐$                                       ‐$                                        ‐$                                      
Energy Recovery System at Pump Station No. 2 ‐$                                       ‐$                                        ‐$                                      

Subtotal 6,730,000$                           6,730,000$                           6,730,000$                          

Design Contingency 10% 673,000$                              673,000$                              673,000$                             
Construction Contingency 15% 1,009,500$                           1,009,500$                           1,009,500$                          

Subtotal 8,412,500$                           8,412,500$                           8,412,500$                          

INDIRECT COSTS
Engineering 15% 1,261,875$                           1,261,875$                           1,261,875$                          
Administration 3% 252,375$                              252,375$                              252,375$                             
Environmental Impact Studies & Permitting Lump Sum ‐$                                       ‐$                                        ‐$                                      
Miscellaneous 2% 168,250$                              168,250$                              168,250$                             

Subtotal 10,095,000$                         10,095,000$                         10,095,000$                        

TOTAL STAGE 3 CAPITAL COST  10,095,000$                         10,095,000$                         10,095,000$                        

Notes:
Capital costs for Stage 3 include infrastructure for 2060 wastewater treatment plant capacity.
Stage 3 collection system cost estimates include PS No. 5, PS No. 6, and PS No. 8. Forcemain costs for PS No. 5 and PS No. 6 were included in Stage 1.
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Appendix G - TBL and Risk Input Calculations and 
Outputs 
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Key Assumptions – TBL Calculations  
 
The following sections outline the key assumptions used to calculate values used as part of the Triple 
Bottom-Line Analysis.  
 
Carbon Footprint Analysis. Sources of carbon emissions for each scenario were estimated based on 
the electricity purchased to operate the collection system, treatment facility, and effluent pumping via the 
outfall and diesel fuel combusted from trucking activities for sludge transport to the CVRD’s composting 
facility for beneficial reuse. Offsets of carbon emissions for each scenario were estimated based on 
avoided natural gas emissions via on-site effluent heat recovery and electricity generated via the 
Cumberland outfall at pump station no. 2.  Offsets of carbon emissions attributed to offsite heat recovery 
were not included as part of the carbon footprint analysis.  
 
Residential Area Truck Traffic. Roundtrip travel distance to the CVRD composting facility was estimated 
as 32 km from the Scenario 1 WWTP site. Roundtrip travel distance to the CVRD composting facility was 
estimated as 28 km from the Scenario 2 and Scenario 3 WWTP site. Truck trips were estimated based on 
the number of truck trips per year multiplied by the estimated distance to the CVRD composting facility for 
each scenario.  
 
Life Cycle Costs. The life cycle costs were based on the total net present value of capital costs, 
operation and maintenance (O&M) costs, and revenues. Capital costs included staged build-out for the 
collection system, treatment facility, outfall, and energy recovery system at pump station no. 2. Expansion 
of the collection system was assumed to occur in 2019, with expansion of the treatment facility and 
further expansion of the collection system in 2029.  Estimated costs of GHG emissions were also 
included.  
 
O&M costs estimated for each scenario included the following: 

 Labour to operate the new WWTP; 
 Electricity purchased to operate the new collection system, treatment facility, and pumped outfall 

(Scenario 3 only); 
 Diesel fuel purchased for truck transport activities; 
 Biosolids management costs for sludge transport to the CVRD’s composting facility; 
 Chemical costs for odour control; 
 System maintenance as a fraction of capital costs; and  
 Administration costs for the new collection, treatment, and disposal system.  

 
Revenues were estimated based on the sale of generated electricity via the Cumberland outfall at pump 
station no. 2 (for use by the CVRD) and the sale of reclaimed water to off-site users, i.e., beyond the 
boundaries of the WWTP. The sale price of reclaimed water was estimated as a fraction (i.e., 80%) of 
CVRD potable water supply price.  
 
Initial Capital Costs. Initial capital costs were estimated based on costs of construction of Stage 1 
infrastructure for the collection system, treatment facility, outfall, and energy recovery system at pump 
station no. 2. The Stage 1 total costs include direct costs and indirect costs (engineering, administration, 
environmental impact studies and permitting and other miscellaneous costs).  
 
 
Life Cycle Cost Analysis – Key Assumptions 
 
Key assumptions used for the Life Cycle Cost Analysis include the following: 
 

 Design horizon from 2011 to 2060; first year of Net Present Value (NPV) analysis is 2011.  
 Investment rate of return of 7% per year. 
 Inflation rates of 3% per year for capital, O&M costs and revenues.  
 Stage 1 construction begins in 2014.  First full year of Stage 1 system operation is 2015.  
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 Stage 2 construction begins in 2019. First full year of Stage 2 system operation is 2020. 
 Stage 3 construction begins in 2029. First full year of Stage 3 system operation is 2030. 

 
Additional descriptions of the assumptions used and the accompanying calculations for the TBL 
calculations and life cycle cost analysis are presented in this Appendix.  
 
 



Comox Valley Regional District - Environmental & Social Footprint Analysis

GENERIC ASSUMPTIONS

NPV Analysis:
  first year in analysis = 2011
  investment rate of return = 7.0% /yr
  capital works / land lease inflation rate = 3.0% /yr
  labour inflation rate = 3.0% /yr
  electricity inflation rate = 3.0% /yr
  natural gas inflation rate = 3.0% /yr
  diesel fuel inflation rate = 3.0% /yr
  biosolids composting O&M inflation rate = 3.0% /yr
  effluent heat inflation rate = 3.0% /yr
  reclaimed water inflation rate = 3.0% /yr
  maintenance inflation rate = 3.0% /yr
  administration inflation rate = 3.0% /yr
  GHG CO2e price inflation rate = 3.0% /yr

2060 128$            /tonne CO2e Note / Ref: Year 2060 CO2e cost assumed to vary between US$30 and US$155 t / CO2e.

Biosolids Management:
 CVRD composting facility operations cost 130$            /t Based on estimated cost provided by the CVRD

Maintenance:
  unit allowance (new treatment facilities) = 1.0% of capital works
  unit allowance (new interceptors, pump stations, forcemains, outfalls) = 0.25% of capital works
  weighted unit allowance based on capital cost - Scenario 1 = 0.55% of capital works
  weighted unit allowance based on capital cost - Scenario 2 = 0.50% of capital works
  weighted unit allowance based on capital cost - Scenario 3= 0.49% of capital works

Labour:
  annual average staff cost = 75,000$      per year

Administration:
  lump sum annual allowance (treatment facilities) = 100,000$    /yr

Energy and Carbon Equivalents:
  unit electrical price = 0.08$           /kWh
  unit diesel fuel price = 1.50$           /L
  unit CO2e price = 30$              /t CO2e
  unit natural gas price = 10.00$        /GJ
  unit electricity sale price to BC Hydro = 0.08$           /kWh

Saleable Reclaimed Water:
  unit CVRD potable water supply price (2010) = 0.80$           /m3
  value of reclaimed water relative to CRD potable water = 80% Ref: Assumed potable water price based on $0.77/m3 price for 2009 (non-residential use >30 m3), as per CVRD Bylaw 2866

  unit reclaimed water price = 0.64$           /m3 Ref: "Value" adjustment considers public perception of relaimed water relative to CVRD potable water.

Odour Control Chemicals:
  unit scrubber chemical cost = 0.0053$        /d per m3/d Ref: Based on Jan 19/09 e-mail from T. Dokken (CRD Project).  

Energy Use:
  UV disinfection = 200 kWh/Mgal Ref: Energy Impact range 50 to 200 kWh/Mgal; Metcalf & Eddy, Table 15-24 (p. 1707)

0.053 kWh/m3

  Activated sludge wastewater treatment = 2,236           kWh/Mgal Ref: ASCE (Volume 1: Planning and Configuration of Wastewater Treatment Plants, Table 5-3 (p. 5-3)
0.591 kWh/m3

  Advanced wastewater treatment (w/ nitrification, filtration) 2,807           kWh/Mgal Ref: ASCE (Volume 1: Planning and Configuration of Wastewater Treatment Plants, Table 5-3 (p. 5-3)
0.742 kWh/m3

  Membrane treatment (microfiltration) = 400 kWh/Mgal Ref: Energy impact range 200 to 400 kWh/Mgal; Metcalf & Eddy, Table 15-24 (p. 1707)
0.106 kWh/m3

GHG Sources:
  BC Hydro-supplied electricity (average annual) = 76                g CO2e/kWh Ref:  Average carbon intensity value for BC Hydro generated electricity (2010)
  diesel fuel combustion (mobile truck) = 2,757           g CO2e/L Ref: Table A13-5, EC (2006).  Moderately controlled HDDV.
   natural gas combustion (stationary) = 0.0562 g CO2e/kJ Ref: Table 2.5, IPCC (2006).  Tier 1 Value is for residential category and commercial/institutional category.

GHG Offsets
  On-site effluent heat recovery = 600 GJ Ref: Discussion Paper 1B-3, IRR Opportunities - Direct Heat Recovery from Wastewater (March 18, 2011)

Power Generation via Cumberland Connection
  Average day wastewater flow - Cumberland only (2015) 1900 m3/d 3250 people @ 1900 m3/d = 585 L/cap.d (wet weather flows remaining at 2500 m3/d for half the year)
  Average day wastewater flow - Cumberland only (2030) 1900 m3/d 6,330 people, wet weather flow issues cleared up = 300 L/cap.d average flow (same as South Region)
  Average day wastewater flow - Cumberland only (2060) 2825 m3/d 9,415 people, wet weather flow issues cleared up = 300 L/cap.d average flow (Same as South Region)
  Available hydraulic head = 100 m Ref: DP1B-5, Integrated Resource Recovery Opportunities - Electrical Power Generation
  Generator efficiency = 80%

Raw Sludge Thickening/Dewatering and Truck Transport:
  solids generation rate 2035 (MBR) = 900 kg/d Ref: Based on calculated sludge production rate for MBR
  specific gravity of MBR sludge = 1.055 Ref: Metcalf & Eddy p. 1456, specific gravity of filtration sludge
  volume of sludge produced - MBR (2035) = 3.9 m3/d Assumption: Assume sludge production is proportional to flow to estimate 2015-2034 and 2035 to 2060
  solids generation rate 2035 (High Rate Activated Sludge) = 1,200 kg/d Ref: BioWin Model - 1,200 kg/d dry solids dewatered to 22% via centrifuge (J. Chen, March 31, 2011)
  specific gravity of activated sludge = 1.005 Ref: Metcalf & Eddy p. 1456, specific gravity of activated sludge 
  volume of sludge produced - High Rate Activated Sludge (2035) = 5.4 m3/d Assumption: Assume sludge production is proportional to flow to estimate 2015-2034 and 2035 to 2060
  transport truck volume = 22 m3/truck
  truck diesel fuel consumption = 1.6 km/L
  roundtrip distance to CVRD composting facility - Scenario 1 = 32 km Ref: Brolin Road Site to CVRD Compost Facility via Google Earth
  roundtrip distance to CVRD composting facility - Scenario 2 & 3 = 28 km Ref: Herondale Site to CVRD Compost Facility via Google Earth

Receiving Environment Loading:
  Total Kjheldahl Nitrogen (TKN) Effluent Conc. - MBR  (Scenario 1) = 10 mg/L Ref: Estimate of effluent concentrations
  Total Kjhedal Nitrogen (TKN) Conc. - HRAS (Scenario 2, 3) = 25 mg/L Ref: BioWin Model (J. Chen, March 31, 2011)

Sensitive Land Disturbance
  Footprint of foreshore construction activities = 10 m Ref: Estimate of average width of disturbance of foreshore area for outfall construction.



Comox Valley Regional District - Environmental Footprint Analysis

Collection System and Pump Stations - Energy Estimate for Average of System Pump Stations

YEAR TDH VELOCITY PUMP ELECTRICITY GHG Sources Total GHG
ENERGY Emissions

Unit Total Electricity
Purchased

(m3/d) (L/s) (m/m) (m) (m) (m/s) (kW) (kWh/y) (t CO2e/y) (t CO2e/y)
2010 1,850             21
2011 1,920             22
2012 1,990             23
2013 2,060             24
2014 2,130             25
2015 2,200             25 0.004291 17.2 57.2 0.81 28.6 250,163                 19                           19                           
2016 2,270             26 0.004547 18.2 58.2 0.84 30.0 262,746                 20                           20                           
2017 2,340             27 0.004809 19.2 59.2 0.86 31.5 275,741                 21                           21                           
2018 2,410             28 0.005079 20.3 60.3 0.89 33.0 289,158                 22                           22                           
2019 2,480             29 0.005355 21.4 61.4 0.91 34.6 303,009                 23                           23                           
2020 2,550             30 0.005638 22.6 62.6 0.94 36.2 317,303                 24                           24                           
2021 2,620             30 0.005928 23.7 63.7 0.97 37.9 332,052                 25                           25                           
2022 2,690             31 0.006224 24.9 64.9 0.99 39.6 347,267                 26                           26                           
2023 2,760             32 0.006527 26.1 66.1 1.02 41.4 362,956                 28                           28                           
2024 2,830             33 0.006837 27.3 67.3 1.04 43.3 379,132                 29                           29                           
2025 2,900             34 0.007153 28.6 68.6 1.07 45.2 395,805                 30                           30                           
2026 2,970             34 0.007475 29.9 69.9 1.09 47.1 412,984                 31                           31                           
2027 3,040             35 0.007805 31.2 71.2 1.12 49.2 430,681                 33                           33                           
2028 3,110             36 0.008140 32.6 72.6 1.15 51.2 448,906                 34                           34                           
2029 3,180             37 0.008483 33.9 73.9 1.17 53.4 467,669                 36                           36                           
2030 3,250             38 0.008831 35.3 75.3 1.20 55.6 486,980                 37                           37                           
2031 3,320             38 0.009186 36.7 76.7 1.22 57.9 506,850                 39                           39                           
2032 3,390             39 0.009548 38.2 78.2 1.25 60.2 527,289                 40                           40                           
2033 3,460             40 0.009916 39.7 79.7 1.27 62.6 548,306                 42                           42                           
2034 3,530             41 0.010290 41.2 81.2 1.30 65.1 569,913                 43                           43                           
2035 3,600             42 0.010671 42.7 82.7 1.33 67.6 592,119                 45                           45                           
2036 3,668             42 0.011047 44.2 84.2 1.35 70.1 614,274                 47                           47                           
2037 3,736             43 0.011429 45.7 85.7 1.38 72.7 637,013                 48                           48                           
2038 3,804             44 0.011816 47.3 87.3 1.40 75.4 660,345                 50                           50                           
2039 3,872             45 0.012210 48.8 88.8 1.43 78.1 684,280                 52                           52                           
2040 3,940             46 0.012610 50.4 90.4 1.45 80.9 708,827                 54                           54                           
2041 4,008             46 0.013015 52.1 92.1 1.48 83.8 733,995                 56                           56                           
2042 4,076             47 0.013427 53.7 93.7 1.50 86.7 759,793                 58                           58                           
2043 4,144             48 0.013844 55.4 95.4 1.53 89.8 786,229                 60                           60                           
2044 4,212             49 0.014267 57.1 97.1 1.55 92.8 813,314                 62                           62                           
2045 4,280             50 0.014696 58.8 98.8 1.58 96.0 841,056                 64                           64                           
2046 4,348             50 0.015131 60.5 100.5 1.60 99.3 869,464                 66                           66                           
2047 4,416             51 0.015572 62.3 102.3 1.63 102.6 898,547                 68                           68                           
2048 4,484             52 0.016018 64.1 104.1 1.65 106.0 928,314                 71                           71                           
2049 4,552             53 0.016471 65.9 105.9 1.68 109.4 958,774                 73                           73                           
2050 4,620             53 0.016929 67.7 107.7 1.70 113.0 989,936                 75                           75                           
2051 4,688             54 0.017393 69.6 109.6 1.73 116.6 1,021,809              78                           78                           
2052 4,756             55 0.017862 71.4 111.4 1.75 120.4 1,054,402              80                           80                           
2053 4,824             56 0.018338 73.4 113.4 1.78 124.2 1,087,723              83                           83                           
2054 4,892             57 0.018819 75.3 115.3 1.80 128.1 1,121,782              85                           85                           
2055 4,960             57 0.019305 77.2 117.2 1.83 132.0 1,156,586              88                           88                           
2056 5,028             58 0.019798 79.2 119.2 1.85 136.1 1,192,146              91                           91                           
2057 5,096             59 0.020296 81.2 121.2 1.88 140.2 1,228,470              93                           93                           
2058 5,164             60 0.020800 83.2 123.2 1.90 144.5 1,265,566              96                           96                           
2059 5,232             61 0.021309 85.2 125.2 1.93 148.8 1,303,444              99                           99                           
2060 5,300             61 0.021825 87.3 127.3 1.95 153.2 1,342,112              102                         102                         

Totals = 32,165,234 2,445 2,445

AVERAGE FOR EIGHT CVRD PUMP STATIONS

  static head = 40 m Conservative estimate based on elevation of the WWTP and low elevation of wet well
  friction C value = 120 Hazen-Williams C for plastic piping
  forcemain diameter = 200 mm Average diameter of forcemain for eight pump stations based on Koers cost estimates (March 2011)
  forcemain X-area = 0.0314 m2

  forcemain length = 4,000 m Based on average forcemain pumping distance for proposed pump stations
  pump efficiency = 50% Conservative estimate for pump efficiency
  fluid specific weight = 9.81 kN/m3

WASTEWATER ADWF FRICTION LOSSES
AVERAGE DAILY FLOW

At full build-out, 9 pump stations will be required to convey wastewater to the wastewater treatment plant. To estimate energy use for the collection system, electricity 
consumption for an average pump station was calculated. The same energy estimates will be used for Scenario 1, 2, and 3. 
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Comox Valley Regional District - Environmental Footprint Analysis

Collection System and Pump Stations - Energy Estimate for Average of System Pump Stations

YEAR TDH VELOCITY PUMP ELECTRICITY GHG Sources Total GHG
ENERGY Emissions

Unit Total Electricity
Purchased

(m3/d) (L/s) (m/m) (m) (m) (m/s) (kW) (kWh/y) (t CO2e/y) (t CO2e/y)
2010 1,850             21
2011 1,920             22
2012 1,990             23
2013 2,060             24
2014 2,130             25
2015 2,200             25 0.004291 17.2 57.2 0.81 28.6 250,163                 19                           19                           
2016 2,270             26 0.004547 18.2 58.2 0.84 30.0 262,746                 20                           20                           
2017 2,340             27 0.004809 19.2 59.2 0.86 31.5 275,741                 21                           21                           
2018 2,410             28 0.005079 20.3 60.3 0.89 33.0 289,158                 22                           22                           
2019 2,480             29 0.005355 21.4 61.4 0.91 34.6 303,009                 23                           23                           
2020 2,550             30 0.005638 22.6 62.6 0.94 36.2 317,303                 24                           24                           
2021 2,620             30 0.005928 23.7 63.7 0.97 37.9 332,052                 25                           25                           
2022 2,690             31 0.006224 24.9 64.9 0.99 39.6 347,267                 26                           26                           
2023 2,760             32 0.006527 26.1 66.1 1.02 41.4 362,956                 28                           28                           
2024 2,830             33 0.006837 27.3 67.3 1.04 43.3 379,132                 29                           29                           
2025 2,900             34 0.007153 28.6 68.6 1.07 45.2 395,805                 30                           30                           
2026 2,970             34 0.007475 29.9 69.9 1.09 47.1 412,984                 31                           31                           
2027 3,040             35 0.007805 31.2 71.2 1.12 49.2 430,681                 33                           33                           
2028 3,110             36 0.008140 32.6 72.6 1.15 51.2 448,906                 34                           34                           
2029 3,180             37 0.008483 33.9 73.9 1.17 53.4 467,669                 36                           36                           
2030 3,250             38 0.008831 35.3 75.3 1.20 55.6 486,980                 37                           37                           
2031 3,320             38 0.009186 36.7 76.7 1.22 57.9 506,850                 39                           39                           
2032 3,390             39 0.009548 38.2 78.2 1.25 60.2 527,289                 40                           40                           
2033 3,460             40 0.009916 39.7 79.7 1.27 62.6 548,306                 42                           42                           
2034 3,530             41 0.010290 41.2 81.2 1.30 65.1 569,913                 43                           43                           
2035 3,600             42 0.010671 42.7 82.7 1.33 67.6 592,119                 45                           45                           
2036 3,668             42 0.011047 44.2 84.2 1.35 70.1 614,274                 47                           47                           
2037 3,736             43 0.011429 45.7 85.7 1.38 72.7 637,013                 48                           48                           
2038 3,804             44 0.011816 47.3 87.3 1.40 75.4 660,345                 50                           50                           
2039 3,872             45 0.012210 48.8 88.8 1.43 78.1 684,280                 52                           52                           
2040 3,940             46 0.012610 50.4 90.4 1.45 80.9 708,827                 54                           54                           
2041 4,008             46 0.013015 52.1 92.1 1.48 83.8 733,995                 56                           56                           
2042 4,076             47 0.013427 53.7 93.7 1.50 86.7 759,793                 58                           58                           
2043 4,144             48 0.013844 55.4 95.4 1.53 89.8 786,229                 60                           60                           
2044 4,212             49 0.014267 57.1 97.1 1.55 92.8 813,314                 62                           62                           
2045 4,280             50 0.014696 58.8 98.8 1.58 96.0 841,056                 64                           64                           
2046 4,348             50 0.015131 60.5 100.5 1.60 99.3 869,464                 66                           66                           
2047 4,416             51 0.015572 62.3 102.3 1.63 102.6 898,547                 68                           68                           
2048 4,484             52 0.016018 64.1 104.1 1.65 106.0 928,314                 71                           71                           
2049 4,552             53 0.016471 65.9 105.9 1.68 109.4 958,774                 73                           73                           
2050 4,620             53 0.016929 67.7 107.7 1.70 113.0 989,936                 75                           75                           
2051 4,688             54 0.017393 69.6 109.6 1.73 116.6 1,021,809              78                           78                           
2052 4,756             55 0.017862 71.4 111.4 1.75 120.4 1,054,402              80                           80                           
2053 4,824             56 0.018338 73.4 113.4 1.78 124.2 1,087,723              83                           83                           
2054 4,892             57 0.018819 75.3 115.3 1.80 128.1 1,121,782              85                           85                           
2055 4,960             57 0.019305 77.2 117.2 1.83 132.0 1,156,586              88                           88                           
2056 5,028             58 0.019798 79.2 119.2 1.85 136.1 1,192,146              91                           91                           
2057 5,096             59 0.020296 81.2 121.2 1.88 140.2 1,228,470              93                           93                           
2058 5,164             60 0.020800 83.2 123.2 1.90 144.5 1,265,566              96                           96                           
2059 5,232             61 0.021309 85.2 125.2 1.93 148.8 1,303,444              99                           99                           
2060 5,300             61 0.021825 87.3 127.3 1.95 153.2 1,342,112              102                         102                         

Totals = 32,165,234 2,445 2,445

AVERAGE FOR EIGHT CVRD PUMP STATIONS

  static head = 40 m Conservative estimate based on elevation of the WWTP and low elevation of wet well
  friction C value = 120 Hazen-Williams C for plastic piping
  forcemain diameter = 200 mm Average diameter of forcemain for eight pump stations based on Koers cost estimates (March 2011)
  forcemain X-area = 0.0314 m2

  forcemain length = 4,000 m Based on average forcemain pumping distance for proposed pump stations
  pump efficiency = 50% Conservative estimate for pump efficiency
  fluid specific weight = 9.81 kN/m3

WASTEWATER ADWF FRICTION LOSSES
AVERAGE DAILY FLOW

At full build-out, 9 pump stations will be required to convey wastewater to the wastewater treatment plant. To estimate energy use for the collection system, electricity 
consumption for an average pump station was calculated. The same energy estimates will be used for Scenario 1, 2, and 3. 
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Comox Valley Regional District - Environmental Footprint Analysis

SCENARIO 1 - High Quality MBR-UV Treatment, Resource Recovery, Baynes Sound Discharge
Membrane bioreactor treatment process with ultraviolet disinfection of effluent discharged via gravity outfall

ENVIRONMENTAL METRICS SOCIAL METRICS
YEAR WASTEWATER PURCHASED ELECTRICITY GENERATED ELECTRICITY EFFLUENT HEAT SALEABLE SLUDGE PROD'N & TRUCK TRANSPORT GHG SOURCES GHG OFFSETS TOTAL GHG RECEIVING ENV'T SENSITIVE LAND DISTURBANCE WWTP LOCATION RESIDENTIAL TRUCK

AVERAGE DAILY FLOW via Cumberland Connection RECLAIMED WATER On-Site Generated EMISSIONS LOADING TRAFFIC
(irrigation only) Avoided Electricty Distance to 

Collection Treatment Outfall Est. Average Power Power On-Site WWTP Volume Volume No. Trucks Diesel Fuel Electricity Diesel Fuel Natural Gas Use via Cumberland Mass of Total N Collection Treatment Outfall Total Residential Area Truck Trips
Flow Heat Recovery Combusted Purchased Combusted via Effluent Heat Outfall Discharged

 (m3/d) (kWh) (kWh) (kWh) (m3/d) (kW) (kWh/y) (GJ/y) (m3/y) (m3/y) (per y) (L/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t/y) (m2) (m2) (m2) (m2) (m) (truck-km)
2010 1,850                                 -                 
2011 1,920                                 -                 
2012 1,990                                 -                 
2013 2,060                                 -                 
2014 2,130                                 -                 0 875 3,500          4,375          300
2015 2,200                                 250,163         722,730          0 1,900               17 151,183 600 160,600                       865                39                 2,013             74 6 34 11 34 8                          629                               
2016 2,270                                 262,746         745,726          0 1,900               17 151,183 600 165,710                       892                41                 2,077             77 6 34 11 37 8                                649                               
2017 2,340                                 275,741         768,722          0 1,900               17 151,183 600 170,820                       920                42                 2,141             79 6 34 11 40 9                                669                               
2018 2,410                                 289,158         791,718          0 1,900               17 151,183 600 175,930                       947                43                 2,205             82 6 34 11 43 9                                689                               
2019 2,480                                 303,009         814,713          0 1,900               17 151,183 600 181,040                       975                44                 2,269             85 6 34 11 46 9                                709                               
2020 2,550                                 317,303         837,709          0 1,900               17 151,183 600 186,150                       1,003             46                 2,333             88 6 34 11 49 9                                729                               
2021 2,620                                 332,052         860,705          0 1,900               17 151,183 600 191,260                       1,030             47                 2,397             91 7 34 11 52 10                              749                               
2022 2,690                                 347,267         883,701          0 1,900               17 151,183 600 196,370                       1,058             48                 2,461             94 7 34 11 55 10                              769                               
2023 2,760                                 362,956         906,697          0 1,900               17 151,183 600 201,480                       1,085             49                 2,525             96 7 34 11 58 10                              789                               
2024 2,830                                 379,132         929,693          0 1,900               17 151,183 600 206,590                       1,113             51                 2,589             99 7 34 11 61 10                              809                               
2025 2,900                                 395,805         952,689          0 1,900               17 151,183 600 211,700                       1,140             52                 2,653             102 7 34 11 65 11                              829                               
2026 2,970                                 412,984         975,685          0 1,900               17 151,183 600 216,810                       1,168             53                 2,717             106 7 34 11 68 11                              849                               
2027 3,040                                 430,681         998,681          0 1,900               17 151,183 600 221,920                       1,195             54                 2,781             109 8 34 11 71 11                              869                               
2028 3,110                                 448,906         1,021,677       0 1,900               17 151,183 600 227,030                       1,223             56                 2,846             112 8 34 11 74 11                              889                               
2029 3,180                                 467,669         1,044,673       0 1,900               17 151,183 600 232,140                       1,250             57                 2,910             115 8 34 11 78 12                              909                               
2030 3,250                                 486,980         1,067,669       0 1,900               17 151,183 600 237,250                       1,278             58                 2,974             118 8 34 11 81 12                              929                               
2031 3,320                                 506,850         1,090,665       0 1,932               18 153,721 600 242,360                       1,305             59                 3,038             121 8 34 12 84 12                              949                               
2032 3,390                                 527,289         1,113,661       0 1,964               18 156,259 600 247,470                       1,333             61                 3,102             125 9 34 12 88 12                              969                               
2033 3,460                                 548,306         1,136,657       0 1,996               18 158,797 600 252,580                       1,360             62                 3,166             128 9 34 12 91 13                              989                               
2034 3,530                                 569,913         1,159,653       0 2,028               18 161,335 600 257,690                       1,388             63                 3,230             131 9 34 12 94 13                              1,009                            
2035 3,600                                 592,119         1,182,649       0 2,059               19 163,873 600 262,800                       1,415             64                 3,294             135 9 34 12 98 13                              1,029                            
2036 3,668                                 614,274         1,204,988       0 2,091               19 166,411 600 267,764                       1,442             66                 3,356             138 9 34 13 101 13                              1,049                            
2037 3,736                                 637,013         1,227,326       0 2,123               19 168,949 600 272,728                       1,469             67                 3,418             142 9 34 13 105 14                              1,068                            
2038 3,804                                 660,345         1,249,665       0 2,155               20 171,487 600 277,692                       1,496             68                 3,481             145 10 34 13 108 14                              1,088                            
2039 3,872                                 684,280         1,272,004       0 2,187               20 174,025 600 282,656                       1,522             69                 3,543             149 10 34 13 111 14                              1,107                            
2040 3,940                                 708,827         1,294,343       0 2,219               20 176,563 600 287,620                       1,549             70                 3,605             152 10 34 13 115 14                              1,127                            
2041 4,008                                 733,995         1,316,682       0 2,251               20 179,101 600 292,584                       1,576             72                 3,667             156 10 34 14 119 15                              1,146                            
2042 4,076                                 759,793         1,339,021       0 2,283               21 181,639 600 297,548                       1,602             73                 3,729             160 10 34 14 122 15                              1,165                            
2043 4,144                                 786,229         1,361,360       0 2,315               21 184,177 600 302,512                       1,629             74                 3,792             163 10 34 14 126 15                              1,185                            
2044 4,212                                 813,314         1,383,699       0 2,347               21 186,715 600 307,476                       1,656             75                 3,854             167 11 34 14 130 15                              1,204                            
2045 4,280                                 841,056         1,406,038       0 2,378               22 189,253 600 312,440                       1,683             76                 3,916             171 11 34 14 133 16                              1,224                            
2046 4,348                                 869,464         1,428,377       0 2,410               22 191,791 600 317,404                       1,709             78                 3,978             175 11 34 15 137 16                              1,243                            
2047 4,416                                 898,547         1,450,716       0 2,442               22 194,329 600 322,368                       1,736             79                 4,040             179 11 34 15 141 16                              1,263                            
2048 4,484                                 928,314         1,473,055       0 2,474               22 196,867 600 327,332                       1,763             80                 4,103             183 11 34 15 145 16                              1,282                            
2049 4,552                                 958,774         1,495,393       0 2,506               23 199,405 600 332,296                       1,790             81                 4,165             187 11 34 15 149 17                              1,302                            
2050 4,620                                 989,936         1,517,732       0 2,538               23 201,943 600 337,260                       1,816             83                 4,227             191 12 34 15 153 17                              1,321                            
2051 4,688                                 1,021,809     1,540,071       0 2,570               23 204,481 600 342,224                       1,843             84                 4,289             195 12 34 16 157 17                              1,340                            
2052 4,756                                 1,054,402     1,562,410       0 2,602               24 207,019 600 347,188                       1,870             85                 4,352             199 12 34 16 161 17                              1,360                            
2053 4,824                                 1,087,723     1,584,749       0 2,634               24 209,557 600 352,152                       1,897             86                 4,414             203 12 34 16 166 18                              1,379                            
2054 4,892                                 1,121,782     1,607,088       0 2,666               24 212,095 600 357,116                       1,923             87                 4,476             207 12 34 16 170 18                              1,399                            
2055 4,960                                 1,156,586     1,629,427       0 2,697               25 214,633 600 362,080                       1,950             89                 4,538             212 13 34 16 174 18                              1,418                            
2056 5,028                                 1,192,146     1,651,766       0 2,729               25 217,171 600 367,044                       1,977             90                 4,600             216 13 34 17 179 18                              1,438                            
2057 5,096                                 1,228,470     1,674,105       0 2,761               25 219,709 600 372,008                       2,003             91                 4,663             221 13 34 17 183 19                              1,457                            
2058 5,164                                 1,265,566     1,696,444       0 2,793               25 222,247 600 376,972                       2,030             92                 4,725             225 13 34 17 188 19                              1,477                            
2059 5,232                                 1,303,444     1,718,783       0 2,825               26 224,785 600 381,936                       2,057             93                 4,787             230 13 34 17 192 19                              1,496                            
2060 5,300                                 1,342,112     1,741,122       0 2,825               26 224,785 600 386,900                       2,084             95                 4,849             234 13 34 17 197 19                              1,515                            

TOTALS = 32,165,234   56,832,835    -               8,132,054 27,600 12,629,000                 68,015 3,092 158,289 6,764 436                 1,552 618 5,030 631                            4,375          300 49,465                          

SCENARIO 1 ASSUMPTIONS
On-site heat recovery at WWTP assumed to displace natural gas heating.
Construction of the collection system will occur on lands already developed; sensitive ecosystems will not be disturbed. 
Wastewater treatment plant includes membrane bioreactor and UV disinfection
Treatment system electricity requirement:
Length of outfall foreshore section: 350 m
Fraction of treated effluent for water reuse - irrigation only 20%
Distance of truck travel through residential areas (roundtrip): 16 km
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Comox Valley Regional District - Life Cycle Analysis

SCENARIO 1 - High Quality MBR-UV Treatment, Resource Recovery, Baynes Sound Discharge
Membrane bioreactor treatment process with ultraviolet disinfection of effluent discharged via gravity outfall

YEAR GENERATED ELECTRICITY 
(Note 1) REVENUES

Chemical Costs
Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present
Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Rev Value Annual Rev Value Annual Cost Value

2010
2011
2012
2013
2014 $41,786,125 $37,147,713 $41,786,125 $37,147,713
2015 $0 $225,000 $192,331 $57,818 $49,423 $3,019 $2,581 $118,625 101,401.1     $4,256 $3,638 $221,326 $189,190 $100,000 $85,480 $1,028 $878 -$12,095 -$10,339 -$102,784 -$87,860 $616,194 $526,725
2016 $0 $225,000 $184,934 $59,658 $49,035 $3,115 $2,561 $122,399 $100,603 $4,391 $3,609 $221,326 $181,914 $100,000 $82,193 $1,114 $916 -$12,095 -$9,941 -$106,054 -$87,169 $618,855 $508,654
2017 $0 $225,000 $177,821 $61,498 $48,603 $3,212 $2,538 $126,174 $99,717 $4,527 $3,578 $221,326 $174,917 $100,000 $79,031 $1,201 $949 -$12,095 -$9,559 -$109,325 -$86,401 $621,518 $491,195
2018 $0 $225,000 $170,982 $63,337 $48,131 $3,308 $2,514 $129,948 $98,750 $4,662 $3,543 $221,326 $168,190 $100,000 $75,992 $1,290 $980 -$12,095 -$9,191 -$112,595 -$85,563 $624,181 $474,326
2019 $14,250,000 $10,412,335 $225,000 $164,405 $65,177 $47,624 $3,404 $2,487 $133,723 $97,710 $4,798 $3,506 $221,326 $161,721 $100,000 $73,069 $1,379 $1,008 -$12,095 -$8,837 -$115,866 -$84,662 $14,876,846 $10,870,366
2020 $0 $225,000 $158,082 $67,017 $47,085 $3,500 $2,459 $137,497 $96,604 $4,933 $3,466 $221,326 $155,501 $100,000 $70,259 $1,469 $1,032 -$12,095 -$8,498 -$119,136 -$83,703 $629,511 $442,286
2021 $0 $225,000 $152,002 $68,856 $46,517 $3,596 $2,429 $141,272 $95,438 $5,068 $3,424 $221,326 $149,520 $100,000 $67,556 $1,561 $1,054 -$12,095 -$8,171 -$122,406 -$82,693 $632,178 $427,077
2022 $0 $225,000 $146,156 $70,696 $45,923 $3,692 $2,398 $145,046 $94,219 $5,204 $3,380 $221,326 $143,769 $100,000 $64,958 $1,653 $1,074 -$12,095 -$7,856 -$125,677 -$81,637 $634,845 $412,384
2023 $0 $225,000 $140,534 $72,536 $45,306 $3,788 $2,366 $148,820 $92,953 $5,339 $3,335 $221,326 $138,240 $100,000 $62,460 $1,747 $1,091 -$12,095 -$7,554 -$128,947 -$80,540 $637,514 $398,189
2024 $0 $225,000 $135,129 $74,375 $44,668 $3,884 $2,333 $152,595 $91,645 $5,475 $3,288 $221,326 $132,923 $100,000 $60,057 $1,841 $1,106 -$12,095 -$7,264 -$132,218 -$79,406 $640,184 $384,478
2025 $0 $225,000 $129,932 $76,215 $44,012 $3,980 $2,298 $156,369 $90,299 $5,610 $3,240 $221,326 $127,810 $100,000 $57,748 $1,937 $1,119 -$12,095 -$6,984 -$135,488 -$78,241 $642,855 $371,233
2026 $0 $225,000 $124,935 $78,055 $43,341 $4,076 $2,263 $160,144 $88,922 $5,745 $3,190 $221,326 $122,894 $100,000 $55,526 $2,034 $1,129 -$12,095 -$6,716 -$138,758 -$77,048 $645,527 $358,438
2027 $0 $225,000 $120,129 $79,894 $42,656 $4,172 $2,228 $163,918 $87,517 $5,881 $3,140 $221,326 $118,168 $100,000 $53,391 $2,132 $1,138 -$12,095 -$6,457 -$142,029 -$75,830 $648,200 $346,079
2028 $0 $225,000 $115,509 $81,734 $41,960 $4,268 $2,191 $167,693 $86,089 $6,016 $3,089 $221,326 $113,623 $100,000 $51,337 $2,231 $1,145 -$12,095 -$6,209 -$145,299 -$74,593 $650,875 $334,142
2029 $10,095,000 $4,983,176 $225,000 $111,066 $83,574 $41,254 $4,364 $2,154 $171,467 $84,641 $6,152 $3,037 $221,326 $109,253 $100,000 $49,363 $2,332 $1,151 -$12,095 -$5,970 -$148,570 -$73,338 $10,748,550 $5,305,787
2030 $0 $225,000 $106,795 $85,414 $40,541 $4,460 $2,117 $175,241 $83,177 $6,287 $2,984 $221,326 $105,051 $100,000 $47,464 $2,433 $1,155 -$12,095 -$5,741 -$151,840 -$72,070 $656,227 $311,473
2031 $0 $225,000 $102,687 $87,253 $39,821 $4,557 $2,080 $179,016 $81,701 $6,423 $2,931 $221,326 $101,010 $100,000 $45,639 $2,531 $1,155 -$12,298 -$5,613 -$155,110 -$70,790 $658,697 $300,621
2032 $0 $225,000 $98,738 $89,093 $39,097 $4,653 $2,042 $182,790 $80,215 $6,558 $2,878 $221,326 $97,125 $100,000 $43,883 $2,629 $1,154 -$12,501 -$5,486 -$158,381 -$69,503 $661,167 $290,143
2033 $0 $225,000 $94,940 $90,933 $38,369 $4,749 $2,004 $186,565 $78,722 $6,693 $2,824 $221,326 $93,390 $100,000 $42,196 $2,729 $1,152 -$12,704 -$5,360 -$161,651 -$68,210 $663,639 $280,026
2034 $0 $225,000 $91,288 $92,772 $37,640 $4,845 $1,966 $190,339 $77,226 $6,829 $2,771 $221,326 $89,798 $100,000 $40,573 $2,830 $1,148 -$12,907 -$5,237 -$164,922 -$66,913 $666,113 $270,260
2035 $0 $225,000 $87,777 $94,612 $36,910 $4,941 $1,928 $194,114 $75,728 $6,964 $2,717 $221,326 $86,344 $100,000 $39,012 $2,933 $1,144 -$13,110 -$5,114 -$168,192 -$65,615 $668,588 $260,830
2036 $0 $225,000 $84,401 $96,399 $36,161 $5,034 $1,888 $197,780 $74,191 $7,096 $2,662 $221,326 $83,023 $100,000 $37,512 $3,034 $1,138 -$13,313 -$4,994 -$171,369 -$64,283 $670,987 $251,698
2037 $0 $225,000 $81,155 $98,186 $35,415 $5,127 $1,849 $201,447 $72,660 $7,227 $2,607 $221,326 $79,830 $100,000 $36,069 $3,136 $1,131 -$13,516 -$4,875 -$174,546 -$62,957 $673,388 $242,884
2038 $0 $225,000 $78,034 $99,973 $34,672 $5,221 $1,811 $205,113 $71,137 $7,359 $2,552 $221,326 $76,760 $100,000 $34,682 $3,239 $1,123 -$13,719 -$4,758 -$177,723 -$61,637 $675,790 $234,375
2039 $0 $225,000 $75,032 $101,760 $33,935 $5,314 $1,772 $208,780 $69,623 $7,490 $2,498 $221,326 $73,807 $100,000 $33,348 $3,344 $1,115 -$13,922 -$4,643 -$180,900 -$60,326 $678,193 $226,162
2040 $0 $225,000 $72,147 $103,547 $33,203 $5,407 $1,734 $212,447 $68,121 $7,622 $2,444 $221,326 $70,969 $100,000 $32,065 $3,450 $1,106 -$14,125 -$4,529 -$184,077 -$59,024 $680,598 $218,235
2041 $0 $225,000 $69,372 $105,335 $32,477 $5,501 $1,696 $216,113 $66,632 $7,753 $2,391 $221,326 $68,239 $100,000 $30,832 $3,558 $1,097 -$14,328 -$4,418 -$187,254 -$57,734 $683,004 $210,583
2042 $0 $225,000 $66,704 $107,122 $31,757 $5,594 $1,658 $219,780 $65,156 $7,885 $2,338 $221,326 $65,614 $100,000 $29,646 $3,667 $1,087 -$14,531 -$4,308 -$190,431 -$56,455 $685,412 $203,197
2043 $0 $225,000 $64,138 $108,909 $31,045 $5,687 $1,621 $223,446 $63,695 $8,017 $2,285 $221,326 $63,091 $100,000 $28,506 $3,778 $1,077 -$14,734 -$4,200 -$193,608 -$55,189 $687,821 $196,069
2044 $0 $225,000 $61,671 $110,696 $30,341 $5,781 $1,584 $227,113 $62,250 $8,148 $2,233 $221,326 $60,664 $100,000 $27,409 $3,890 $1,066 -$14,937 -$4,094 -$196,785 -$53,938 $690,232 $189,188
2045 $0 $225,000 $59,299 $112,483 $29,645 $5,874 $1,548 $230,780 $60,822 $8,280 $2,182 $221,326 $58,331 $100,000 $26,355 $4,003 $1,055 -$15,140 -$3,990 -$199,962 -$52,700 $692,644 $182,548
2046 $0 $225,000 $57,018 $114,270 $28,958 $5,967 $1,512 $234,446 $59,412 $8,411 $2,132 $221,326 $56,087 $100,000 $25,342 $4,118 $1,044 -$15,343 -$3,888 -$203,139 -$51,478 $695,057 $176,138
2047 $0 $225,000 $54,825 $116,057 $28,280 $6,061 $1,477 $238,113 $58,021 $8,543 $2,082 $221,326 $53,930 $100,000 $24,367 $4,235 $1,032 -$15,546 -$3,788 -$206,316 -$50,273 $697,473 $169,952
2048 $0 $225,000 $52,717 $117,844 $27,611 $6,154 $1,442 $241,779 $56,648 $8,674 $2,032 $221,326 $51,856 $100,000 $23,430 $4,353 $1,020 -$15,749 -$3,690 -$209,492 -$49,083 $699,889 $163,982
2049 $0 $225,000 $50,689 $119,631 $26,951 $6,247 $1,407 $245,446 $55,295 $8,806 $1,984 $221,326 $49,862 $100,000 $22,529 $4,473 $1,008 -$15,952 -$3,594 -$212,669 -$47,911 $702,308 $158,220
2050 $0 $225,000 $48,740 $121,419 $26,302 $6,341 $1,374 $249,113 $53,963 $8,937 $1,936 $221,326 $47,944 $100,000 $21,662 $4,594 $995 -$16,155 -$3,500 -$215,846 -$46,757 $704,728 $152,659
2051 $0 $225,000 $46,865 $123,206 $25,662 $6,434 $1,340 $252,779 $52,651 $9,069 $1,889 $221,326 $46,100 $100,000 $20,829 $4,717 $983 -$16,358 -$3,407 -$219,023 -$45,620 $707,149 $147,291
2052 $0 $225,000 $45,063 $124,993 $25,033 $6,527 $1,307 $256,446 $51,360 $9,200 $1,843 $221,326 $44,327 $100,000 $20,028 $4,842 $970 -$16,562 -$3,317 -$222,200 -$44,502 $709,572 $142,112
2053 $0 $225,000 $43,329 $126,780 $24,415 $6,621 $1,275 $260,112 $50,091 $9,332 $1,797 $221,326 $42,622 $100,000 $19,257 $4,968 $957 -$16,765 -$3,228 -$225,377 -$43,402 $711,997 $137,113
2054 $0 $225,000 $41,663 $128,567 $23,807 $6,714 $1,243 $263,779 $48,843 $9,464 $1,752 $221,326 $40,983 $100,000 $18,517 $5,096 $944 -$16,968 -$3,142 -$228,554 -$42,321 $714,424 $132,289
2055 $0 $225,000 $40,060 $130,354 $23,209 $6,807 $1,212 $267,445 $47,618 $9,595 $1,708 $221,326 $39,406 $100,000 $17,805 $5,226 $930 -$17,171 -$3,057 -$231,731 -$41,259 $716,852 $127,633
2056 $0 $225,000 $38,520 $132,141 $22,622 $6,901 $1,181 $271,112 $46,414 $9,727 $1,665 $221,326 $37,891 $100,000 $17,120 $5,357 $917 -$17,374 -$2,974 -$234,908 -$40,216 $719,282 $123,140
2057 $0 $225,000 $37,038 $133,928 $22,046 $6,994 $1,151 $274,779 $45,232 $9,858 $1,623 $221,326 $36,433 $100,000 $16,461 $5,490 $904 -$17,577 -$2,893 -$238,085 -$39,192 $721,714 $118,804
2058 $0 $225,000 $35,614 $135,715 $21,481 $7,087 $1,122 $278,445 $44,073 $9,990 $1,581 $221,326 $35,032 $100,000 $15,828 $5,625 $890 -$17,780 -$2,814 -$241,262 -$38,188 $724,147 $114,620
2059 $0 $225,000 $34,244 $137,503 $20,927 $7,181 $1,093 $282,112 $42,936 $10,121 $1,540 $221,326 $33,685 $100,000 $15,219 $5,762 $877 -$17,983 -$2,737 -$244,439 -$37,202 $726,582 $110,582
2060 $0 $225,000 $32,927 $139,290 $20,384 $7,274 $1,064 $285,778 $41,821 $10,253 $1,500 $221,326 $32,389 $100,000 $14,634 $5,906 $864 -$17,983 -$2,632 -$247,616 -$36,236 $729,228 $106,716

Total Capital = $66,131,125

Total Net Present Value = $52,543,224 $4,177,436 $1,614,256 $84,300 $3,311,943 $118,822 $4,109,224 $1,856,638 $48,008 -$245,567 -$2,869,671 $97,126,861 $64,748,613

SCENARIO 1 ASSUMPTIONS

Capital cost of Wastewater Management Program (Stage 1) = 41,786,125$         (2014)
Capital cost of Collection System Upgrades (Stage 2) = 14,250,000$         (2019)
Capital cost of Wastewater Management Program (Stage 3) = 10,095,000$         (2029)

Labour:
  number of facility manager(s) = 1
  number of operations staff = 1
  number of maintenance staff = 1
  number of administration staff = 0
  total staff = 3 persons

Note:
1. Includes capital and O&M cost of the outfall.

TOTALCAPITAL COSTS OPERATION & MAINTENANCE COSTS  GHG CO2e RECLAIMED WATER REVENUES
(irrigation only)

Labour Electricity Diesel Fuel Biosolids Management Maintenance AdministrationOdour Control 
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Comox Valley Regional District - Environmental Footprint Analysis

SCENARIO 2 - High-Rate Activated Sludge Treatment, Resource Recovery, Comox Bar Discharge
High rate activated sludge treatment process with ultraviolet disinfection of effluent discharged via gravity outfall

ENVIRONMENTAL METRICS SOCIAL METRICS
YEAR WASTEWATER PURCHASED ELECTRICITY GENERATED ELECTRICITY EFFLUENT HEAT SALEABLE SLUDGE PROD'N & TRUCK TRANSPORT GHG SOURCES GHG OFFSETS TOTAL GHG RECEIVING ENV'T SENSITIVE LAND DISTURBANCE WWTP LOCATION RESIDENTIAL TRUCK

AVERAGE DAILY FLOW via Cumberland Connection RECLAIMED WATER On-Site Generated EMISSIONS LOADING TRAFFIC
(irrigation only) Avoided Electricty Distance to 

Collection Treatment Outfall Est. Average Power Power On-Site WWTP Volume Volume No. Trucks Diesel Fuel Electricity Diesel Fuel Natural Gas Use via Cumberland Mass of Total N Collection Treatment Outfall Total Residential Area Truck Trips
Flow Heat Recovery Combusted Purchased Combusted via Effluent Heat Outfall Discharged

 (m3/d) (kWh) (kWh) (kWh) (m3/d) (kW) (kWh) (GJ/y) (m3/y) (m3/y) (per y) (L/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t/y) (m2) (m2) (m2) (m2) (m) (truck-km)
2010 1,850                                 
2011 1,920                                 
2012 1,990                                 
2013 2,060                                 
2014 2,130                                 0 4,000          21,500        25,500        275
2015 2,200                                 250,163         516,751          0 1,900           17 151,183 600 160,600                       1,211             55                 2,465             58 7 34 11                            20 20 660                               
2016 2,270                                 262,746         533,193          0 1,900           17 151,183 600 165,710                       1,249             57                 2,544             60 7 34 11                            22 21 681                               
2017 2,340                                 275,741         549,635          0 1,900           17 151,183 600 170,820                       1,288             59                 2,622             63 7 34 11                            25 21 702                               
2018 2,410                                 289,158         566,077          0 1,900           17 151,183 600 175,930                       1,326             60                 2,701             65 7 34 11                            27 22 723                               
2019 2,480                                 303,009         582,519          0 1,900           17 151,183 600 181,040                       1,365             62                 2,779             67 8 34 11                            30 23 744                               
2020 2,550                                 317,303         598,961          0 1,900           17 151,183 600 186,150                       1,403             64                 2,857             70 8 34 11                            32 23 765                               
2021 2,620                                 332,052         615,403          0 1,900           17 151,183 600 191,260                       1,442             66                 2,936             72 8 34 11                            35 24 786                               
2022 2,690                                 347,267         631,845          0 1,900           17 151,183 600 196,370                       1,480             67                 3,014             74 8 34 11                            37 25 807                               
2023 2,760                                 362,956         648,287          0 1,900           17 151,183 600 201,480                       1,519             69                 3,093             77 9 34 11                            40 25 828                               
2024 2,830                                 379,132         664,729          0 1,900           17 151,183 600 206,590                       1,557             71                 3,171             79 9 34 11                            43 26 849                               
2025 2,900                                 395,805         681,171          0 1,900           17 151,183 600 211,700                       1,596             73                 3,250             82 9 34 11                            46 26 870                               
2026 2,970                                 412,984         697,613          0 1,900           17 151,183 600 216,810                       1,634             74                 3,328             84 9 34 11                            48 27 891                               
2027 3,040                                 430,681         714,055          0 1,900           17 151,183 600 221,920                       1,673             76                 3,407             87 9 34 11                            51 28 912                               
2028 3,110                                 448,906         730,498          0 1,900           17 151,183 600 227,030                       1,711             78                 3,485             90 10 34 11                            54 28 933                               
2029 3,180                                 467,669         746,940          0 1,900           17 151,183 600 232,140                       1,750             80                 3,563             92 10 34 11                            57 29 954                               
2030 3,250                                 486,980         763,382          0 1,900           17 151,183 600 237,250                       1,788             81                 3,642             95 10 34 11                            60 30 975                               
2031 3,320                                 506,850         779,824          0 1,932           18 153,721 600 242,360                       1,827             83                 3,720             98 10 34 12                            63 30 997                               
2032 3,390                                 527,289         796,266          0 1,964           18 156,259 600 247,470                       1,865             85                 3,799             101 10 34 12                            65 31 1,018                            
2033 3,460                                 548,306         812,708          0 1,996           18 158,797 600 252,580                       1,904             87                 3,877             103 11 34 12                            68 32 1,039                            
2034 3,530                                 569,913         829,150          0 2,028           18 161,335 600 257,690                       1,942             88                 3,956             106 11 34 12                            71 32 1,060                            
2035 3,600                                 592,119         845,592          0 2,059           19 163,873 600 262,800                       1,981             90                 4,034             109 11 34 12                            74 33 1,081                            
2036 3,668                                 614,274         861,564          0 2,091           19 166,411 600 267,764                       2,018             92                 4,110             112 11 34 13                            77 33 1,101                            
2037 3,736                                 637,013         877,537          0 2,123           19 168,949 600 272,728                       2,056             93                 4,186             115 12 34 13                            80 34 1,121                            
2038 3,804                                 660,345         893,509          0 2,155           20 171,487 600 277,692                       2,093             95                 4,263             118 12 34 13                            83 35 1,142                            
2039 3,872                                 684,280         909,481          0 2,187           20 174,025 600 282,656                       2,131             97                 4,339             121 12 34 13                            86 35 1,162                            
2040 3,940                                 708,827         925,453          0 2,219           20 176,563 600 287,620                       2,168             99                 4,415             124 12 34 13                            89 36 1,183                            
2041 4,008                                 733,995         941,426          0 2,251           20 179,101 600 292,584                       2,206             100               4,491             127 12 34 14                            92 37 1,203                            
2042 4,076                                 759,793         957,398          0 2,283           21 181,639 600 297,548                       2,243             102               4,567             131 13 34 14                            96 37 1,223                            
2043 4,144                                 786,229         973,370          0 2,315           21 184,177 600 302,512                       2,280             104               4,644             134 13 34 14                            99 38 1,244                            
2044 4,212                                 813,314         989,343          0 2,347           21 186,715 600 307,476                       2,318             105               4,720             137 13 34 14                            102 38 1,264                            
2045 4,280                                 841,056         1,005,315       0 2,378           22 189,253 600 312,440                       2,355             107               4,796             140 13 34 14                            105 39 1,285                            
2046 4,348                                 869,464         1,021,287       0 2,410           22 191,791 600 317,404                       2,393             109               4,872             144 13 34 15                            109 40 1,305                            
2047 4,416                                 898,547         1,037,260       0 2,442           22 194,329 600 322,368                       2,430             110               4,948             147 14 34 15                            112 40 1,325                            
2048 4,484                                 928,314         1,053,232       0 2,474           22 196,867 600 327,332                       2,467             112               5,025             151 14 34 15                            116 41 1,346                            
2049 4,552                                 958,774         1,069,204       0 2,506           23 199,405 600 332,296                       2,505             114               5,101             154 14 34 15                            119 42 1,366                            
2050 4,620                                 989,936         1,085,176       0 2,538           23 201,943 600 337,260                       2,542             116               5,177             158 14 34 15                            123 42 1,387                            
2051 4,688                                 1,021,809     1,101,149       0 2,570           23 204,481 600 342,224                       2,580             117               5,253             161 14 34 16                            127 43 1,407                            
2052 4,756                                 1,054,402     1,117,121       0 2,602           24 207,019 600 347,188                       2,617             119               5,329             165 15 34 16                            130 43 1,428                            
2053 4,824                                 1,087,723     1,133,093       0 2,634           24 209,557 600 352,152                       2,655             121               5,406             169 15 34 16                            134 44 1,448                            
2054 4,892                                 1,121,782     1,149,066       0 2,666           24 212,095 600 357,116                       2,692             122               5,482             173 15 34 16                            138 45 1,468                            
2055 4,960                                 1,156,586     1,165,038       0 2,697           25 214,633 600 362,080                       2,729             124               5,558             176 15 34 16                            142 45 1,489                            
2056 5,028                                 1,192,146     1,181,010       0 2,729           25 217,171 600 367,044                       2,767             126               5,634             180 16 34 17                            146 46 1,509                            
2057 5,096                                 1,228,470     1,196,982       0 2,761           25 219,709 600 372,008                       2,804             127               5,710             184 16 34 17                            150 47 1,530                            
2058 5,164                                 1,265,566     1,212,955       0 2,793           25 222,247 600 376,972                       2,842             129               5,787             188 16 34 17                            154 47 1,550                            
2059 5,232                                 1,303,444     1,228,927       0 2,825           26 224,785 600 381,936                       2,879             131               5,863             192 16 34 17                            158 48 1,570                            
2060 5,300                                 1,342,112     1,244,899       0 2,825           26 224,785 600 386,900                       2,916             133               5,939             197 16 34 17                            162 48 1,591                            

TOTALS = 32,165,234 40,635,394 -               8,132,054 27,600 12,629,000 95,198 4,327 193,858 5,533 534                 1,552 618 3,897 1,579 25,500 275 51,926

SCENARIO 2 ASSUMPTIONS
On-site heat recovery at WWTP assumed to displace natural gas heating.
Construction of the collection system will occur on lands already developed; sensitive ecosystems will not be disturbed. 
Wastewater treatment plant includes membrane bioreactor and UV disinfection
Treatment system electricity requirement:
Length of outfall foreshore section (also includes Sandy Island) 2,150           m
Fraction of treated effluent for water reuse - irrigation only 20%
Distance of truck travel through residential areas (roundtrip): 12 km
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Comox Valley Regional District - Life Cycle Analysis

SCENARIO 2 - High-Rate Activated Sludge Treatment, Resource Recovery, Comox Bar Discharge
High rate activated sludge treatment process with ultraviolet disinfection of effluent discharged via gravity outfall

YEAR GENERATED ELECTRICITY 
(Note 1) REVENUES

Chemical Costs
Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present
Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Rev Value Annual Rev Value Annual Cost Value

2010
2011
2012
2013
2014 $46,444,250 $41,288,769 $46,444,250 $41,288,769
2015 $0 $300,000 $256,441 $41,340 $35,338 $3,698 $3,161 $113,003 $96,595 $4,256 $3,638 $226,282 $193,427 $100,000 $85,480 $595 $509 -$12,095 -$10,339 -$102,784 -$87,860 $674,295 $576,390
2016 $0 $300,000 $246,578 $42,655 $35,060 $3,816 $3,136 $116,599 $95,835 $4,391 $3,609 $226,282 $185,987 $100,000 $82,193 $668 $549 -$12,095 -$9,941 -$106,054 -$87,169 $676,261 $555,838
2017 $0 $300,000 $237,094 $43,971 $34,751 $3,933 $3,108 $120,194 $94,991 $4,527 $3,578 $226,282 $178,834 $100,000 $79,031 $742 $586 -$12,095 -$9,559 -$109,325 -$86,401 $678,229 $536,014
2018 $0 $300,000 $227,975 $45,286 $34,414 $4,051 $3,078 $123,790 $94,070 $4,662 $3,543 $226,282 $171,956 $100,000 $75,992 $816 $620 -$12,095 -$9,191 -$112,595 -$85,563 $680,197 $516,894
2019 $14,250,000 $10,412,335 $300,000 $219,207 $46,602 $34,051 $4,169 $3,046 $127,385 $93,079 $4,798 $3,506 $226,282 $165,342 $100,000 $73,069 $892 $652 -$12,095 -$8,837 -$115,866 -$84,662 $14,932,166 $10,910,787
2020 $0 $300,000 $210,776 $47,917 $33,666 $4,286 $3,011 $130,981 $92,025 $4,933 $3,466 $226,282 $158,983 $100,000 $70,259 $968 $680 -$12,095 -$8,498 -$119,136 -$83,703 $684,136 $480,665
2021 $0 $300,000 $202,669 $49,232 $33,260 $4,404 $2,975 $134,576 $90,915 $5,068 $3,424 $226,282 $152,868 $100,000 $67,556 $1,046 $707 -$12,095 -$8,171 -$122,406 -$82,693 $686,107 $463,510
2022 $0 $300,000 $194,874 $50,548 $32,835 $4,521 $2,937 $138,172 $89,754 $5,204 $3,380 $226,282 $146,988 $100,000 $64,958 $1,125 $730 -$12,095 -$7,856 -$125,677 -$81,637 $688,080 $446,963
2023 $0 $300,000 $187,379 $51,863 $32,393 $4,639 $2,898 $141,767 $88,547 $5,339 $3,335 $226,282 $141,335 $100,000 $62,460 $1,204 $752 -$12,095 -$7,554 -$128,947 -$80,540 $690,053 $431,005
2024 $0 $300,000 $180,172 $53,178 $31,938 $4,757 $2,857 $145,363 $87,301 $5,475 $3,288 $226,282 $135,899 $100,000 $60,057 $1,285 $772 -$12,095 -$7,264 -$132,218 -$79,406 $692,027 $415,614
2025 $0 $300,000 $173,243 $54,494 $31,469 $4,874 $2,815 $148,958 $86,020 $5,610 $3,240 $226,282 $130,672 $100,000 $57,748 $1,367 $789 -$12,095 -$6,984 -$135,488 -$78,241 $694,003 $400,769
2026 $0 $300,000 $166,579 $55,809 $30,989 $4,992 $2,772 $152,554 $84,708 $5,745 $3,190 $226,282 $125,646 $100,000 $55,526 $1,450 $805 -$12,095 -$6,716 -$138,758 -$77,048 $695,980 $386,453
2027 $0 $300,000 $160,172 $57,124 $30,499 $5,110 $2,728 $156,150 $83,370 $5,881 $3,140 $226,282 $120,814 $100,000 $53,391 $1,535 $819 -$12,095 -$6,457 -$142,029 -$75,830 $697,958 $372,645
2028 $0 $300,000 $154,012 $58,440 $30,001 $5,227 $2,684 $159,745 $82,009 $6,016 $3,089 $226,282 $116,167 $100,000 $51,337 $1,620 $832 -$12,095 -$6,209 -$145,299 -$74,593 $699,937 $359,329
2029 $10,095,000 $4,983,176 $300,000 $148,088 $59,755 $29,497 $5,345 $2,638 $163,341 $80,630 $6,152 $3,037 $226,282 $111,699 $100,000 $49,363 $1,707 $843 -$12,095 -$5,970 -$148,570 -$73,338 $10,796,917 $5,329,662
2030 $0 $300,000 $142,393 $61,071 $28,987 $5,463 $2,593 $166,936 $79,235 $6,287 $2,984 $226,282 $107,403 $100,000 $47,464 $1,795 $852 -$12,095 -$5,741 -$151,840 -$72,070 $703,899 $334,100
2031 $0 $300,000 $136,916 $62,386 $28,472 $5,580 $2,547 $170,532 $77,828 $6,423 $2,931 $226,282 $103,272 $100,000 $45,639 $1,878 $857 -$12,298 -$5,613 -$155,110 -$70,790 $705,673 $322,060
2032 $0 $300,000 $131,650 $63,701 $27,954 $5,698 $2,501 $174,127 $76,413 $6,558 $2,878 $226,282 $99,300 $100,000 $43,883 $1,963 $862 -$12,501 -$5,486 -$158,381 -$69,503 $707,448 $310,452
2033 $0 $300,000 $126,587 $65,017 $27,434 $5,816 $2,454 $177,723 $74,991 $6,693 $2,824 $226,282 $95,481 $100,000 $42,196 $2,049 $865 -$12,704 -$5,360 -$161,651 -$68,210 $709,225 $299,261
2034 $0 $300,000 $121,718 $66,332 $26,913 $5,933 $2,407 $181,318 $73,566 $6,829 $2,771 $226,282 $91,808 $100,000 $40,573 $2,137 $867 -$12,907 -$5,237 -$164,922 -$66,913 $711,003 $288,473
2035 $0 $300,000 $117,036 $67,647 $26,391 $6,051 $2,361 $184,914 $72,139 $6,964 $2,717 $226,282 $88,277 $100,000 $39,012 $2,226 $868 -$13,110 -$5,114 -$168,192 -$65,615 $712,782 $278,072
2036 $0 $300,000 $112,535 $68,925 $25,855 $6,165 $2,313 $188,407 $70,675 $7,096 $2,662 $226,282 $84,882 $100,000 $37,512 $2,313 $868 -$13,313 -$4,994 -$171,369 -$64,283 $714,506 $268,023
2037 $0 $300,000 $108,207 $70,203 $25,321 $6,280 $2,265 $191,900 $69,216 $7,227 $2,607 $226,282 $81,617 $100,000 $36,069 $2,402 $866 -$13,516 -$4,875 -$174,546 -$62,957 $716,231 $258,337
2038 $0 $300,000 $104,045 $71,481 $24,791 $6,394 $2,218 $195,392 $67,765 $7,359 $2,552 $226,282 $78,478 $100,000 $34,682 $2,492 $864 -$13,719 -$4,758 -$177,723 -$61,637 $717,958 $249,000
2039 $0 $300,000 $100,043 $72,758 $24,263 $6,508 $2,170 $198,885 $66,324 $7,490 $2,498 $226,282 $75,460 $100,000 $33,348 $2,583 $862 -$13,922 -$4,643 -$180,900 -$60,326 $719,686 $239,999
2040 $0 $300,000 $96,195 $74,036 $23,740 $6,623 $2,124 $202,378 $64,893 $7,622 $2,444 $226,282 $72,558 $100,000 $32,065 $2,676 $858 -$14,125 -$4,529 -$184,077 -$59,024 $721,415 $231,323
2041 $0 $300,000 $92,496 $75,314 $23,221 $6,737 $2,077 $205,871 $63,474 $7,753 $2,391 $226,282 $69,767 $100,000 $30,832 $2,771 $854 -$14,328 -$4,418 -$187,254 -$57,734 $723,146 $222,959
2042 $0 $300,000 $88,938 $76,592 $22,706 $6,851 $2,031 $209,364 $62,068 $7,885 $2,338 $226,282 $67,084 $100,000 $29,646 $2,866 $850 -$14,531 -$4,308 -$190,431 -$56,455 $724,878 $214,898
2043 $0 $300,000 $85,517 $77,870 $22,197 $6,965 $1,986 $212,856 $60,676 $8,017 $2,285 $226,282 $64,503 $100,000 $28,506 $2,964 $845 -$14,734 -$4,200 -$193,608 -$55,189 $726,612 $207,126
2044 $0 $300,000 $82,228 $79,147 $21,694 $7,080 $1,941 $216,349 $59,300 $8,148 $2,233 $226,282 $62,023 $100,000 $27,409 $3,062 $839 -$14,937 -$4,094 -$196,785 -$53,938 $728,347 $199,636
2045 $0 $300,000 $79,066 $80,425 $21,196 $7,194 $1,896 $219,842 $57,940 $8,280 $2,182 $226,282 $59,637 $100,000 $26,355 $3,162 $833 -$15,140 -$3,990 -$199,962 -$52,700 $730,083 $192,415
2046 $0 $300,000 $76,025 $81,703 $20,705 $7,308 $1,852 $223,335 $56,597 $8,411 $2,132 $226,282 $57,343 $100,000 $25,342 $3,264 $827 -$15,343 -$3,888 -$203,139 -$51,478 $731,822 $185,455
2047 $0 $300,000 $73,101 $82,981 $20,220 $7,423 $1,809 $226,828 $55,271 $8,543 $2,082 $226,282 $55,138 $100,000 $24,367 $3,367 $821 -$15,546 -$3,788 -$206,316 -$50,273 $733,561 $178,746
2048 $0 $300,000 $70,289 $84,259 $19,742 $7,537 $1,766 $230,321 $53,963 $8,674 $2,032 $226,282 $53,017 $100,000 $23,430 $3,472 $814 -$15,749 -$3,690 -$209,492 -$49,083 $735,302 $172,279
2049 $0 $300,000 $67,586 $85,536 $19,270 $7,651 $1,724 $233,813 $52,675 $8,806 $1,984 $226,282 $50,978 $100,000 $22,529 $3,579 $806 -$15,952 -$3,594 -$212,669 -$47,911 $737,045 $166,046
2050 $0 $300,000 $64,986 $86,814 $18,806 $7,766 $1,682 $237,306 $51,405 $8,937 $1,936 $226,282 $49,017 $100,000 $21,662 $3,687 $799 -$16,155 -$3,500 -$215,846 -$46,757 $738,790 $160,037
2051 $0 $300,000 $62,487 $88,092 $18,349 $7,880 $1,641 $240,799 $50,156 $9,069 $1,889 $226,282 $47,132 $100,000 $20,829 $3,796 $791 -$16,358 -$3,407 -$219,023 -$45,620 $740,536 $154,245
2052 $0 $300,000 $60,083 $89,370 $17,899 $7,994 $1,601 $244,292 $48,926 $9,200 $1,843 $226,282 $45,319 $100,000 $20,028 $3,907 $783 -$16,562 -$3,317 -$222,200 -$44,502 $742,283 $148,663
2053 $0 $300,000 $57,772 $90,647 $17,456 $8,108 $1,561 $247,785 $47,717 $9,332 $1,797 $226,282 $43,576 $100,000 $19,257 $4,020 $774 -$16,765 -$3,228 -$225,377 -$43,402 $744,033 $143,282
2054 $0 $300,000 $55,550 $91,925 $17,022 $8,223 $1,523 $251,277 $46,529 $9,464 $1,752 $226,282 $41,900 $100,000 $18,517 $4,135 $766 -$16,968 -$3,142 -$228,554 -$42,321 $745,784 $138,095
2055 $0 $300,000 $53,414 $93,203 $16,594 $8,337 $1,484 $254,770 $45,361 $9,595 $1,708 $226,282 $40,289 $100,000 $17,805 $4,251 $757 -$17,171 -$3,057 -$231,731 -$41,259 $747,537 $133,096
2056 $0 $300,000 $51,360 $94,481 $16,175 $8,451 $1,447 $258,263 $44,214 $9,727 $1,665 $226,282 $38,739 $100,000 $17,120 $4,369 $748 -$17,374 -$2,974 -$234,908 -$40,216 $749,291 $128,277
2057 $0 $300,000 $49,384 $95,759 $15,763 $8,566 $1,410 $261,756 $43,089 $9,858 $1,623 $226,282 $37,249 $100,000 $16,461 $4,489 $739 -$17,577 -$2,893 -$238,085 -$39,192 $751,047 $123,633
2058 $0 $300,000 $47,485 $97,036 $15,359 $8,680 $1,374 $265,249 $41,984 $9,990 $1,581 $226,282 $35,816 $100,000 $15,828 $4,610 $730 -$17,780 -$2,814 -$241,262 -$38,188 $752,805 $119,156
2059 $0 $300,000 $45,658 $98,314 $14,963 $8,794 $1,338 $268,742 $40,901 $10,121 $1,540 $226,282 $34,439 $100,000 $15,219 $4,734 $720 -$17,983 -$2,737 -$244,439 -$37,202 $754,565 $114,841
2060 $0 $300,000 $43,902 $99,592 $14,574 $8,909 $1,304 $272,234 $39,839 $10,253 $1,500 $226,282 $33,114 $100,000 $14,634 $4,865 $712 -$17,983 -$2,632 -$247,616 -$36,236 $756,535 $110,712

Total Capital = $70,789,250

Total Net Present Value = $56,684,280 $5,569,914 $1,154,191 $103,243 $3,154,979 $118,822 $4,201,233 $1,856,638 $35,941 -$245,567 -$2,869,671 $103,744,422 $69,764,003

SCENARIO 2 ASSUMPTIONS

Capital cost of Wastewater Management Program (Stage 1) = 46,444,250$    (2014)
Capital cost of Collection System Upgrades (Stage 2) = 14,250,000$    (2019)
Capital cost of Wastewater Management Program (Stage 3) = 10,095,000$    (2029)

Labour:
  number of facility manager(s) = 0
  number of operations staff = 2
  number of maintenance staff = 2
  number of administration staff = 0
  total staff = 4 persons

Note:
1. Includes capital and O&M cost of the outfall.

TOTALCAPITAL COSTS OPERATION & MAINTENANCE COSTS  GHG CO2e RECLAIMED WATER REVENUES
(irrigation only)

Labour Electricity Diesel Fuel Biosolids Management Maintenance AdministrationOdour Control 
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Comox Valley Regional District - Environmental Footprint Analysis

SCENARIO 3 - High-Rate Activated Sludge Treatment, Resource Recovery, Cape Lazo Discharge
High rate activated sludge treatment process with ultraviolet disinfection of effluent discharged via pumped outfall

ENVIRONMENTAL METRICS SOCIAL METRICS
YEAR WASTEWATER PURCHASED ELECTRICITY GENERATED ELECTRICITY EFFLUENT HEAT SALEABLE SLUDGE PROD'N & TRUCK TRANSPORT GHG SOURCES GHG OFFSETS TOTAL GHG RECEIVING ENV'T SENSITIVE LAND DISTURBANCE WWTP LOCATION RESIDENTIAL TRUCK

AVERAGE DAILY FLOW via Cumberland Connection RECLAIMED WATER On-Site Generated EMISSIONS LOADING TRAFFIC
(irrigation only) Avoided Electricty Distance to 

Collection Treatment Outfall Est. Average Power Power On-Site WWTP Volume Volume No. Trucks Diesel Fuel Electricity Diesel Fuel Natural Gas Use via Cumberland Mass of Total N Collection Treatment Outfall Total Residential Area Truck Trips
Flow Heat Recovery Combusted Purchased Combusted via Effluent Heat Outfall Discharged

 (m3/d) (kWh) (kWh) (kWh) (m3/d) (kW) (kWh) (GJ/y) (m3/y) (m3/y) (per y) (L/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t CO2e/y) (t/y) (m2) (m2) (m2) (m2) (m) (truck-km)
2010 1,850                                 -                 
2011 1,920                                 -                 
2012 1,990                                 -                 
2013 2,060                                 -                 
2014 2,130                                 -                 0 4,000          17,800        21,800        275
2015 2,200                                 250,163         516,751          -               1,900           17                151,183 600 160,600                       1,211             55                 2,465             58 7 34 11                            20 20 660                               
2016 2,270                                 262,746         533,193          -               1,900           17                151,183 600 165,710                       1,249             57                 2,544             60 7 34 11                            22 21 681                               
2017 2,340                                 275,741         549,635          -               1,900           17                151,183 600 170,820                       1,288             59                 2,622             63 7 34 11                            25 21 702                               
2018 2,410                                 289,158         566,077          -               1,900           17                151,183 600 175,930                       1,326             60                 2,701             65 7 34 11                            27 22 723                               
2019 2,480                                 303,009         582,519          -               1,900           17                151,183 600 181,040                       1,365             62                 2,779             67 8 34 11                            30 23 744                               
2020 2,550                                 317,303         598,961          83,198        1,900           17                151,183 600 186,150                       1,403             64                 2,857             76 8 34 11                            39 23 765                               
2021 2,620                                 332,052         615,403          86,118        1,900           17                151,183 600 191,260                       1,442             66                 2,936             79 8 34 11                            41 24 786                               
2022 2,690                                 347,267         631,845          89,062        1,900           17                151,183 600 196,370                       1,480             67                 3,014             81 8 34 11                            44 25 807                               
2023 2,760                                 362,956         648,287          92,031        1,900           17                151,183 600 201,480                       1,519             69                 3,093             84 9 34 11                            47 25 828                               
2024 2,830                                 379,132         664,729          95,025        1,900           17                151,183 600 206,590                       1,557             71                 3,171             87 9 34 11                            50 26 849                               
2025 2,900                                 395,805         681,171          98,045        1,900           17                151,183 600 211,700                       1,596             73                 3,250             89 9 34 11                            53 26 870                               
2026 2,970                                 412,984         697,613          101,092      1,900           17                151,183 600 216,810                       1,634             74                 3,328             92 9 34 11                            56 27 891                               
2027 3,040                                 430,681         714,055          104,167      1,900           17                151,183 600 221,920                       1,673             76                 3,407             95 9 34 11                            59 28 912                               
2028 3,110                                 448,906         730,498          107,269      1,900           17                151,183 600 227,030                       1,711             78                 3,485             98 10 34 11                            62 28 933                               
2029 3,180                                 467,669         746,940          110,401      1,900           17                151,183 600 232,140                       1,750             80                 3,563             101 10 34 11                            65 29 954                               
2030 3,250                                 486,980         763,382          113,561      1,900           17                151,183 600 237,250                       1,788             81                 3,642             104 10 34 11                            68 30 975                               
2031 3,320                                 506,850         779,824          116,751      1,932           18                153,721 600 242,360                       1,827             83                 3,720             107 10 34 12                            71 30 997                               
2032 3,390                                 527,289         796,266          119,972      1,964           18                156,259 600 247,470                       1,865             85                 3,799             110 10 34 12                            75 31 1,018                            
2033 3,460                                 548,306         812,708          123,224      1,996           18                158,797 600 252,580                       1,904             87                 3,877             113 11 34 12                            78 32 1,039                            
2034 3,530                                 569,913         829,150          126,508      2,028           18                161,335 600 257,690                       1,942             88                 3,956             116 11 34 12                            81 32 1,060                            
2035 3,600                                 592,119         845,592          129,823      2,059           19                163,873 600 262,800                       1,981             90                 4,034             119 11 34 12                            84 33 1,081                            
2036 3,668                                 614,274         861,564          133,172      2,091           19                166,411 600 267,764                       2,018             92                 4,110             122 11 34 13                            87 33 1,101                            
2037 3,736                                 637,013         877,537          136,554      2,123           19                168,949 600 272,728                       2,056             93                 4,186             125 12 34 13                            90 34 1,121                            
2038 3,804                                 660,345         893,509          139,971      2,155           20                171,487 600 277,692                       2,093             95                 4,263             129 12 34 13                            94 35 1,142                            
2039 3,872                                 684,280         909,481          143,422      2,187           20                174,025 600 282,656                       2,131             97                 4,339             132 12 34 13                            97 35 1,162                            
2040 3,940                                 708,827         925,453          146,908      2,219           20                176,563 600 287,620                       2,168             99                 4,415             135 12 34 13                            100 36 1,183                            
2041 4,008                                 733,995         941,426          150,329      2,251           20                179,101 600 292,584                       2,206             100               4,491             139 12 34 14                            104 37 1,203                            
2042 4,076                                 759,793         957,398          153,785      2,283           21                181,639 600 297,548                       2,243             102               4,567             142 13 34 14                            107 37 1,223                            
2043 4,144                                 786,229         973,370          157,275      2,315           21                184,177 600 302,512                       2,280             104               4,644             146 13 34 14                            111 38 1,244                            
2044 4,212                                 813,314         989,343          160,801      2,347           21                186,715 600 307,476                       2,318             105               4,720             149 13 34 14                            114 38 1,264                            
2045 4,280                                 841,056         1,005,315       164,363      2,378           22                189,253 600 312,440                       2,355             107               4,796             153 13 34 14                            118 39 1,285                            
2046 4,348                                 869,464         1,021,287       167,962      2,410           22                191,791 600 317,404                       2,393             109               4,872             156 13 34 15                            122 40 1,305                            
2047 4,416                                 898,547         1,037,260       171,598      2,442           22                194,329 600 322,368                       2,430             110               4,948             160 14 34 15                            125 40 1,325                            
2048 4,484                                 928,314         1,053,232       175,271      2,474           22                196,867 600 327,332                       2,467             112               5,025             164 14 34 15                            129 41 1,346                            
2049 4,552                                 958,774         1,069,204       178,983      2,506           23                199,405 600 332,296                       2,505             114               5,101             168 14 34 15                            133 42 1,366                            
2050 4,620                                 989,936         1,085,176       182,733      2,538           23                201,943 600 337,260                       2,542             116               5,177             172 14 34 15                            137 42 1,387                            
2051 4,688                                 1,021,809     1,101,149       186,522      2,570           23                204,481 600 342,224                       2,580             117               5,253             176 14 34 16                            141 43 1,407                            
2052 4,756                                 1,054,402     1,117,121       190,351      2,602           24                207,019 600 347,188                       2,617             119               5,329             180 15 34 16                            145 43 1,428                            
2053 4,824                                 1,087,723     1,133,093       194,221      2,634           24                209,557 600 352,152                       2,655             121               5,406             184 15 34 16                            149 44 1,448                            
2054 4,892                                 1,121,782     1,149,066       198,131      2,666           24                212,095 600 357,116                       2,692             122               5,482             188 15 34 16                            153 45 1,468                            
2055 4,960                                 1,156,586     1,165,038       202,083      2,697           25                214,633 600 362,080                       2,729             124               5,558             192 15 34 16                            157 45 1,489                            
2056 5,028                                 1,192,146     1,181,010       206,077      2,729           25                217,171 600 367,044                       2,767             126               5,634             196 16 34 17                            161 46 1,509                            
2057 5,096                                 1,228,470     1,196,982       210,113      2,761           25                219,709 600 372,008                       2,804             127               5,710             200 16 34 17                            166 47 1,530                            
2058 5,164                                 1,265,566     1,212,955       214,191      2,793           25                222,247 600 376,972                       2,842             129               5,787             205 16 34 17                            170 47 1,550                            
2059 5,232                                 1,303,444     1,228,927       218,314      2,825           26                224,785 600 381,936                       2,879             131               5,863             209 16 34 17                            174 48 1,570                            
2060 5,300                                 1,342,112     1,244,899       222,480      2,825           26                224,785 600 386,900                       2,916             133               5,939             214 16 34 17                            179 48 1,591                            

TOTALS = 32,165,234   40,635,394    6,101,858   8,132,054 27,600 12,629,000                 95,198          4,327           193,858        5,997             534                 1,552                          618                         4,361              1,579                        21,800        275                               51,926                          

SCENARIO 3 ASSUMPTIONS
On-site heat recovery at WWTP assumed to displace natural gas heating.
Construction of the collection system will occur on lands already developed; sensitive ecosystems will not be disturbed. 
Wastewater treatment plant includes membrane bioreactor and UV disinfection
Treatment system electricity requirement:
Length of outfall foreshore section: 1,780           m
Fraction of treated effluent for water reuse - irrigation only 20%
Distance of truck travel through residential areas (roundtrip): 12 km
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Comox Valley Regional District - Life Cycle Analysis

SCENARIO 3 - High-Rate Activated Sludge Treatment, Resource Recovery, Cape Lazo Discharge
High rate activated sludge treatment process with ultraviolet disinfection of effluent discharged via pumped outfall

YEAR GENERATED ELECTRICITY 
REVENUES

Chemical Costs
Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present Total Net Present
Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Cost Value Annual Rev Value Annual Rev Value Annual Cost Value

2010
2011
2012
2013
2014 $50,581,000 $44,966,325 $50,581,000 $44,966,325
2015 $0 $300,000 $256,441 $41,340 $35,338 $3,698 $3,161 $113,003 $96,595 $4,256 $3,638 $239,563 $204,779 $100,000 $85,480 $595 $509 -$12,095 -$10,339 -$102,784 -$87,860 $687,576 $587,743
2016 $0 $300,000 $246,578 $42,655 $35,060 $3,816 $3,136 $116,599 $95,835 $4,391 $3,609 $239,563 $196,903 $100,000 $82,193 $668 $549 -$12,095 -$9,941 -$106,054 -$87,169 $689,542 $566,754
2017 $0 $300,000 $237,094 $43,971 $34,751 $3,933 $3,108 $120,194 $94,991 $4,527 $3,578 $239,563 $189,330 $100,000 $79,031 $742 $586 -$12,095 -$9,559 -$109,325 -$86,401 $691,510 $546,510
2018 $0 $300,000 $227,975 $45,286 $34,414 $4,051 $3,078 $123,790 $94,070 $4,662 $3,543 $239,563 $182,048 $100,000 $75,992 $816 $620 -$12,095 -$9,191 -$112,595 -$85,563 $693,478 $526,986
2019 $14,250,000 $10,412,335 $300,000 $219,207 $46,602 $34,051 $4,169 $3,046 $127,385 $93,079 $4,798 $3,506 $239,563 $175,046 $100,000 $73,069 $892 $652 -$12,095 -$8,837 -$115,866 -$84,662 $14,945,447 $10,920,492
2020 $0 $300,000 $210,776 $47,917 $33,666 $4,286 $3,011 $130,981 $92,025 $4,933 $3,466 $239,563 $168,314 $100,000 $70,259 $1,158 $814 -$12,095 -$8,498 -$119,136 -$83,703 $697,607 $490,129
2021 $0 $300,000 $202,669 $49,232 $33,260 $4,404 $2,975 $134,576 $90,915 $5,068 $3,424 $239,563 $161,840 $100,000 $67,556 $1,242 $839 -$12,095 -$8,171 -$122,406 -$82,693 $699,585 $472,614
2022 $0 $300,000 $194,874 $50,548 $32,835 $4,521 $2,937 $138,172 $89,754 $5,204 $3,380 $239,563 $155,615 $100,000 $64,958 $1,328 $862 -$12,095 -$7,856 -$125,677 -$81,637 $701,564 $455,722
2023 $0 $300,000 $187,379 $51,863 $32,393 $4,639 $2,898 $141,767 $88,547 $5,339 $3,335 $239,563 $149,630 $100,000 $62,460 $1,414 $883 -$12,095 -$7,554 -$128,947 -$80,540 $703,544 $439,431
2024 $0 $300,000 $180,172 $53,178 $31,938 $4,757 $2,857 $145,363 $87,301 $5,475 $3,288 $239,563 $143,875 $100,000 $60,057 $1,502 $902 -$12,095 -$7,264 -$132,218 -$79,406 $705,525 $423,720
2025 $0 $300,000 $173,243 $54,494 $31,469 $4,874 $2,815 $148,958 $86,020 $5,610 $3,240 $239,563 $138,341 $100,000 $57,748 $1,591 $919 -$12,095 -$6,984 -$135,488 -$78,241 $707,507 $408,568
2026 $0 $300,000 $166,579 $55,809 $30,989 $4,992 $2,772 $152,554 $84,708 $5,745 $3,190 $239,563 $133,021 $100,000 $55,526 $1,681 $933 -$12,095 -$6,716 -$138,758 -$77,048 $709,491 $393,955
2027 $0 $300,000 $160,172 $57,124 $30,499 $5,110 $2,728 $156,150 $83,370 $5,881 $3,140 $239,563 $127,904 $100,000 $53,391 $1,772 $946 -$12,095 -$6,457 -$142,029 -$75,830 $711,476 $379,863
2028 $0 $300,000 $154,012 $58,440 $30,001 $5,227 $2,684 $159,745 $82,009 $6,016 $3,089 $239,563 $122,985 $100,000 $51,337 $1,865 $957 -$12,095 -$6,209 -$145,299 -$74,593 $713,462 $366,272
2029 $10,095,000 $4,983,176 $300,000 $148,088 $59,755 $29,497 $5,345 $2,638 $163,341 $80,630 $6,152 $3,037 $239,563 $118,255 $100,000 $49,363 $1,959 $967 -$12,095 -$5,970 -$148,570 -$73,338 $10,810,450 $5,336,342
2030 $0 $300,000 $142,393 $61,071 $28,987 $5,463 $2,593 $166,936 $79,235 $6,287 $2,984 $239,563 $113,707 $100,000 $47,464 $2,054 $975 -$12,095 -$5,741 -$151,840 -$72,070 $717,438 $340,527
2031 $0 $300,000 $136,916 $62,386 $28,472 $5,580 $2,547 $170,532 $77,828 $6,423 $2,931 $239,563 $109,333 $100,000 $45,639 $2,145 $979 -$12,298 -$5,613 -$155,110 -$70,790 $719,220 $328,243
2032 $0 $300,000 $131,650 $63,701 $27,954 $5,698 $2,501 $174,127 $76,413 $6,558 $2,878 $239,563 $105,128 $100,000 $43,883 $2,237 $982 -$12,501 -$5,486 -$158,381 -$69,503 $721,002 $316,400
2033 $0 $300,000 $126,587 $65,017 $27,434 $5,816 $2,454 $177,723 $74,991 $6,693 $2,824 $239,563 $101,085 $100,000 $42,196 $2,330 $983 -$12,704 -$5,360 -$161,651 -$68,210 $722,786 $304,984
2034 $0 $300,000 $121,718 $66,332 $26,913 $5,933 $2,407 $181,318 $73,566 $6,829 $2,771 $239,563 $97,197 $100,000 $40,573 $2,425 $984 -$12,907 -$5,237 -$164,922 -$66,913 $724,572 $293,978
2035 $0 $300,000 $117,036 $67,647 $26,391 $6,051 $2,361 $184,914 $72,139 $6,964 $2,717 $239,563 $93,459 $100,000 $39,012 $2,522 $984 -$13,110 -$5,114 -$168,192 -$65,615 $726,359 $283,368
2036 $0 $300,000 $112,535 $68,925 $25,855 $6,165 $2,313 $188,407 $70,675 $7,096 $2,662 $239,563 $89,864 $100,000 $37,512 $2,617 $982 -$13,313 -$4,994 -$171,369 -$64,283 $728,090 $273,119
2037 $0 $300,000 $108,207 $70,203 $25,321 $6,280 $2,265 $191,900 $69,216 $7,227 $2,607 $239,563 $86,408 $100,000 $36,069 $2,713 $979 -$13,516 -$4,875 -$174,546 -$62,957 $729,823 $263,239
2038 $0 $300,000 $104,045 $71,481 $24,791 $6,394 $2,218 $195,392 $67,765 $7,359 $2,552 $239,563 $83,084 $100,000 $34,682 $2,811 $975 -$13,719 -$4,758 -$177,723 -$61,637 $731,558 $253,716
2039 $0 $300,000 $100,043 $72,758 $24,263 $6,508 $2,170 $198,885 $66,324 $7,490 $2,498 $239,563 $79,889 $100,000 $33,348 $2,910 $971 -$13,922 -$4,643 -$180,900 -$60,326 $733,294 $244,537
2040 $0 $300,000 $96,195 $74,036 $23,740 $6,623 $2,124 $202,378 $64,893 $7,622 $2,444 $239,563 $76,816 $100,000 $32,065 $3,011 $966 -$14,125 -$4,529 -$184,077 -$59,024 $735,031 $235,689
2041 $0 $300,000 $92,496 $75,314 $23,221 $6,737 $2,077 $205,871 $63,474 $7,753 $2,391 $239,563 $73,862 $100,000 $30,832 $3,113 $960 -$14,328 -$4,418 -$187,254 -$57,734 $736,769 $227,160
2042 $0 $300,000 $88,938 $76,592 $22,706 $6,851 $2,031 $209,364 $62,068 $7,885 $2,338 $239,563 $71,021 $100,000 $29,646 $3,217 $954 -$14,531 -$4,308 -$190,431 -$56,455 $738,509 $218,939
2043 $0 $300,000 $85,517 $77,870 $22,197 $6,965 $1,986 $212,856 $60,676 $8,017 $2,285 $239,563 $68,289 $100,000 $28,506 $3,322 $947 -$14,734 -$4,200 -$193,608 -$55,189 $740,251 $211,014
2044 $0 $300,000 $82,228 $79,147 $21,694 $7,080 $1,941 $216,349 $59,300 $8,148 $2,233 $239,563 $65,663 $100,000 $27,409 $3,429 $940 -$14,937 -$4,094 -$196,785 -$53,938 $741,994 $203,376
2045 $0 $300,000 $79,066 $80,425 $21,196 $7,194 $1,896 $219,842 $57,940 $8,280 $2,182 $239,563 $63,137 $100,000 $26,355 $3,537 $932 -$15,140 -$3,990 -$199,962 -$52,700 $743,739 $196,014
2046 $0 $300,000 $76,025 $81,703 $20,705 $7,308 $1,852 $223,335 $56,597 $8,411 $2,132 $239,563 $60,709 $100,000 $25,342 $3,647 $924 -$15,343 -$3,888 -$203,139 -$51,478 $745,485 $188,918
2047 $0 $300,000 $73,101 $82,981 $20,220 $7,423 $1,809 $226,828 $55,271 $8,543 $2,082 $239,563 $58,374 $100,000 $24,367 $3,759 $916 -$15,546 -$3,788 -$206,316 -$50,273 $747,233 $182,077
2048 $0 $300,000 $70,289 $84,259 $19,742 $7,537 $1,766 $230,321 $53,963 $8,674 $2,032 $239,563 $56,129 $100,000 $23,430 $3,872 $907 -$15,749 -$3,690 -$209,492 -$49,083 $748,983 $175,484
2049 $0 $300,000 $67,586 $85,536 $19,270 $7,651 $1,724 $233,813 $52,675 $8,806 $1,984 $239,563 $53,970 $100,000 $22,529 $3,987 $898 -$15,952 -$3,594 -$212,669 -$47,911 $750,734 $169,129
2050 $0 $300,000 $64,986 $86,814 $18,806 $7,766 $1,682 $237,306 $51,405 $8,937 $1,936 $239,563 $51,894 $100,000 $21,662 $4,103 $889 -$16,155 -$3,500 -$215,846 -$46,757 $752,487 $163,004
2051 $0 $300,000 $62,487 $88,092 $18,349 $7,880 $1,641 $240,799 $50,156 $9,069 $1,889 $239,563 $49,898 $100,000 $20,829 $4,221 $879 -$16,358 -$3,407 -$219,023 -$45,620 $754,242 $157,100
2052 $0 $300,000 $60,083 $89,370 $17,899 $7,994 $1,601 $244,292 $48,926 $9,200 $1,843 $239,563 $47,979 $100,000 $20,028 $4,341 $869 -$16,562 -$3,317 -$222,200 -$44,502 $755,998 $151,410
2053 $0 $300,000 $57,772 $90,647 $17,456 $8,108 $1,561 $247,785 $47,717 $9,332 $1,797 $239,563 $46,134 $100,000 $19,257 $4,463 $859 -$16,765 -$3,228 -$225,377 -$43,402 $757,757 $145,925
2054 $0 $300,000 $55,550 $91,925 $17,022 $8,223 $1,523 $251,277 $46,529 $9,464 $1,752 $239,563 $44,359 $100,000 $18,517 $4,587 $849 -$16,968 -$3,142 -$228,554 -$42,321 $759,516 $140,638
2055 $0 $300,000 $53,414 $93,203 $16,594 $8,337 $1,484 $254,770 $45,361 $9,595 $1,708 $239,563 $42,653 $100,000 $17,805 $4,712 $839 -$17,171 -$3,057 -$231,731 -$41,259 $761,278 $135,543
2056 $0 $300,000 $51,360 $94,481 $16,175 $8,451 $1,447 $258,263 $44,214 $9,727 $1,665 $239,563 $41,013 $100,000 $17,120 $4,839 $828 -$17,374 -$2,974 -$234,908 -$40,216 $763,042 $130,632
2057 $0 $300,000 $49,384 $95,759 $15,763 $8,566 $1,410 $261,756 $43,089 $9,858 $1,623 $239,563 $39,435 $100,000 $16,461 $4,968 $818 -$17,577 -$2,893 -$238,085 -$39,192 $764,807 $125,898
2058 $0 $300,000 $47,485 $97,036 $15,359 $8,680 $1,374 $265,249 $41,984 $9,990 $1,581 $239,563 $37,919 $100,000 $15,828 $5,099 $807 -$17,780 -$2,814 -$241,262 -$38,188 $766,574 $121,335
2059 $0 $300,000 $45,658 $98,314 $14,963 $8,794 $1,338 $268,742 $40,901 $10,121 $1,540 $239,563 $36,460 $100,000 $15,219 $5,232 $796 -$17,983 -$2,737 -$244,439 -$37,202 $768,344 $116,938
2060 $0 $300,000 $43,902 $99,592 $14,574 $8,909 $1,304 $272,234 $39,839 $10,253 $1,500 $239,563 $35,058 $100,000 $14,634 $5,372 $786 -$17,983 -$2,632 -$247,616 -$36,236 $770,323 $112,730

Total Capital = $74,926,000

Total Net Present Value = $60,361,836 $5,569,914 $1,154,191 $103,243 $3,154,979 $118,822 $4,447,811 $1,856,638 $40,295 -$245,567 -$2,869,671 $108,506,004 $73,692,491

SCENARIO 3 ASSUMPTIONS

Capital cost of Wastewater Management Program (Stage 1) = 50,581,000$     (2014)
Capital cost of Collection System Upgrades (Stage 2) = 14,250,000$     (2019)
Capital cost of Wastewater Management Program (Stage 3) = 10,095,000$     (2029)

Labour:
  number of facility manager(s) = 0
  number of operations staff = 2
  number of maintenance staff = 2
  number of administration staff = 0
  total staff = 4 persons

Note:

TOTALCAPITAL COSTS OPERATION & MAINTENANCE COSTS  GHG CO2e RECLAIMED WATER REVENUES
(irrigation only)

Labour Electricity Diesel Fuel Biosolids Management Maintenance AdministrationOdour Control 
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Risk Assessment Methodology

cells with input /assumed values

Probability of Occurrence Description Value Comments

rare possible but suprising 0.05
unlikely not expected 0.15
possible less than 50-50 chance 0.30
likely more than 50-50 chance 0.60
almost certain expected 1.00

Severity of Impact Risk Factor-Specific Description Value Comments

dry-weather potential for wastewater-related fecal coliform contamination of shellfish beds
insignificant - no harvesting closure; indiscernible impact on shellfish harvesting area 1
minor - harvesting closure in the order of a 1 week duration; limited actual impact area 5
moderate - harvesting closure in the order of a 3 week duration; moderate actual impact area 10
major - harvesting closure in the order of months duration; large actual impact area 25
extreme / catastrophic - permanent harvesting closure; long-term (decades) impact in the region 100

wet-weather potential for wastewater-related fecal coliform contamination of shellfish beds
insignificant - no harvesting closure; indiscernible impact on shellfish harvesting area 1
minor - harvesting closure in the order of a 1 week duration; limited actual impact area 5
moderate - harvesting closure in the order of a 3 week duration; moderate actual impact area 10
major - harvesting closure in the order of months duration; large actual impact area 25
extreme / catastrophic - permanent harvesting closure; long-term (decades) impact in the region 100

potential for WWTF/PS fenceline odours beyond design criteria
insignificant - isolated and infrequent public complaints; no media coverage 1
minor - isolated and infrequent public complaints; negative letter(s) to editor of local newspaper 5
moderate - unsatisfactory rating in public opinion survey; a negative local news story 10
major - broad and frequent public complaints; frequent negative local news stories 25
extreme / catastrophic - law suit filed against CVRD; daily negative local news stories 100

potential for negative public response of updated/new program costs
insignificant - project has broad public support with no organized opposition; no media coverage 1
minor - pockets of isolated project opposition; negative letter to editor of local newspaper 5
moderate - substantial portions of the public oppose project; a negative local news story 10
major - project would likely fail in a public vote; intervention from political leadership; frequent negative local news stories 25
extreme / catastrophic - vote of no confidence by elected officials; daily negative local news stories 100

potential for regulatory rejection of outfall alignment based on its construction requirements, regardless of mitigations

insignificant -  up to $5K spent (i.e. lost) in project pursuit 1
minor -  $6K to $25K spent (i.e. lost) in project pursuit 5
moderate -  $26K to $100K spent (i.e. lost) in project pursuit 10
major -  $101K to $500K spent (i.e. lost) in project pursuit 25
extreme / catastrophic -  > $500K spent (i.e. lost) in project pursuit 100

Risk Factor Consequence 
(Probability x Severity)

Procedural Notes Severity Definition

negligible upper boundary set by a minor impact with an unlikely probability; include in calculation of total risk severity score 0 to 0.75
medium include in calculation of total risk severity score 0.76 to 5.0 probability insignificant minor moderate major extreme
high lower boundary set by a moderate impact with likely probability; include in calculation of total risk severity score 5.1 to 14.9 rare 0.05 0.25 0.50 1.25 5.00
critical boundary set by a major impact with a likely probability > = 15 unlikely 0.15 0.75 1.50 3.75 15.00

possible 0.30 1.50 3.00 7.50 30.00
likely 0.60 3.00 6.00 15.00 60.00
almost certain 1.00 5.00 10.00 25.00 100.00

severity

General comment:   harvesting closure duration and extent of impact area subjectively assessed based on minimum dilution 
available at the edge of the initial dilution zone (IDZ),  generalized far-field dispersion information available in Baynes Sound 
Carrying Capacity Study Technical Report (Hay & Company, 2003), the anticipated fecal coliform concentration of effluent  given 
an assumed and specified "event", and assuming a single "event"

Shellfish risk factors:  the subjective  judgement is based on the probability of occurrence of a single yearly "event" that results 
in the effluent fecal coliform concentration exceeding typically expected end-of-pipe levels
Odour risk factor:  the subjective judgement is based on the probability of repeated odour excursions beyond fence line design 
criteria and considers all facilities in the  wastewater management option, considering  a one-year time frame of reference
Program cost risk factor:  the subjective judgement is based on the probability that there will be a negative public response to 
the updated / new program costs relative to those of Bylaw No. 2826
Regulatory rejection risk factor:  the subjective judgement is based on the probability that the regulators will reject the outfall 
alignment / concept based on its construction requirements, regardless of mitigations

General comment:   public response subjectively assessed based on the location and nature of the facilities in the  wastewater 
management option and assuming a situation where there were more than just occasional odour exceedences

General comment:   public response subjectively assessed based on "original" total program capital cost of $30,536,800 
(reference:  2006 Bylaw No. 2826 authorized the CVRD to borrow up to $10,500,000 to construct a sewer system in the Union 
Bay/Royston sewerage service area (i.e. approved  on the basis the CRVD was able to secure two-thirds grant funding for the 
project)).  $31M escalated to 2011 dollars = $36M assuming 3%/yr annual inflation.  Current project projections compared to 
this value are those for all stages but excluding Cumberland-related costs.  

General comment:   harvesting closure duration and extent of impact area subjectively assessed based on minimum dilution 
available at the edge of the initial dilution zone (IDZ),  generalized far-field dispersion information available in Baynes Sound 
Carrying Capacity Study Technical Report (Hay & Company, 2003), the anticiated fecal coliform concentration of effluent  given 
an assumed and specified "event", and assuming a single "event"

General comment:  CVRD staff set extreme / catastrophic upper boundary.
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Risk Assessment Results

cells with input /assumed values

Risk Factor Prob x Sev = Conseq Com # Prob x Sev = Conseq Com # Prob x Sev = Conseq Com #

dry-weather potential for wastewater-related fecal 
coliform contamination of shellfish beds 0.15 1 0.15 1 0.15 10 1.50 2 0.15 10 1.50 3

wet-weather potential for wastewater-related 
fecal coliform contamination of shellfish beds 0.15 10 1.50 4 0.15 10 1.50 5 0.15 10 1.50 6

potential for WWTF/PS fenceline odours beyond 
design criteria 0.30 5 1.50 7 0.30 5 1.50 8 0.30 5 1.50 9

potential for negative public response to 
updated/new program costs 1.00 10 10.00 10 1.00 10 10.00 11 1.00 10 10.00 12

potential for regulatory rejection of outfall 
alignment based on its construction 
requirements, regardless of mitigations 0.30 10 3.00 13 0.60 10 6.00 14 0.15 10 1.50 15

total risk severity score 16.15 20.50 16.00

Com #:

Risk Factor Consequence (Probability x 
Severity)

negligible upper boundary set by a minor impact with an unlikely probability 0 to 0.75
medium include in calculation of total risk severity score 0.76 to 5.0
high lower boundary set by a moderate impact with likely probability 5.1 to 14.9
critical boundary set by a major impact with a likely probability > = 15

10.  Probability and impact severity ratings acknowledge that the option cost is approximately 40 to 50% higher than that from the 2006 Bylaw No. 2826, once adjusted for inflation to 2011$.

11.  Assume the same situation as Scenario 1 / Outfall Option 2.

12.   Assume the same situation as Scenario 1 / Outfall Option 2.

14.  Probability rating reflects the current uncertainty in the perceived "sensitivity" of the Comox Bar area.  Impact severity rating assessed on the same basis per note 13.

15.  Probability rating acknowledges existing outfall in area, i.e. precedent for this outfall routing.  Impact severity rating assessed on the same basis per note 13.

13.  Probability rating based on a higher likelihood of rejection, relative to Scenario 3 / Outfall Option 4, given no outfalls in the area.  Impact severity rating is a conservative estimate of effort expended not to complete EIA studies, but to provide preliminary information on which the regulatory agencies could make a definitive no-go ruling.

6.  Assume same situation as Scenario 2 / Outfall Option 3, based on available modelling information.

8.  Assume the same situation as Scenario 1 / Outfall Option 2.

9.  Assume the same situation as Scenario 1 / Outfall Option 2.

4.  Probability rating recognizes that all flows will receive secondary treatment and disinfection, except for an "extreme" maximum daily flow (MDF, i.e. 24-hr cumulative total volume)) that would exceed the design MDF capacity by an assumed 20% and would be assumed to occur less frequently than once in five years.  This excess flow would 
be split around the WWTF and combined, without disinfection, with the disinfected secondary effluent and discharged to the outfall.  Pumping stations are assumed to have sufficient capacity to convey this same extreme flow rate to the WWTF (i.e. no near-shore overflow from pumping station).  Severity rating based on an estimated fecal 
coliform concentration at the IDZ of 3,400 MPN/100 mL (low current / winter stratification; minimum 300:1 dilution) and in consideration of the approximate  16 d e-folding  time within Baynes Sound (i.e. Figure 4-1, Hay & Company (2003).  Estimated fecal form coliform concentration @ 400 m = 800 MPN/100 mL with dilution of 1,300:1.  The 
predicted fecal coliform levels are the same order-of-magnitude as those for the dry-weather case for Scenario 2 / Outfall Option 3 and Scenario 3 / Outfall Option 4 and thus this scenario/option was assigned the same impact severity as those alternatives.

5.  Probability rating recognizes that all flows will receive secondary treatment and disinfection, except for an "extreme" MDF that would exceed the MDF capacity by an assumed 20% and would be assumed to occur less frequently than once in five years.  This excess flow would be split around the WWTF and combined, without disinfection, 
with the disinfected secondary effluent and discharged to the outfall.  Pumping stations are assumed to have sufficient capacity to convey this same extreme flow rate to the WWTF (i.e. no near-shore overflow from pumping station).  Severity rating based on an estimated fecal coliform concentration at the IDZ of 2,000 MPN/100 mL (low 
current / winter stratification; minimum 500:1 dilution) and recognizing the well-flushed nature of the diffuser location east of Comox Bar  in Georgia Strait (i.e. Figure 4-1, Hay & Company (2003).  Estimated fecal form concentration @ 400 m = 500 MPN/100 mL with dilution of 2,000:1.  The predicted fecal coliform levels are the same order-of-
magnitude as those for Scenario 1 / Outfall Option 2 and thus this scenario/option was assigned the same impact severity score.

7.  Probability rating is conservative in that even with active odour control systems there are the possibility of occasional odours.  Severity rating acknowledges that the closest existing residences are several hundred meters from the assumed WWTF location and that the pumping stations, because of the small catchment sizes, receive "fresh" 
wastewater with reduced odour potential.

Scenario 1 / Outfall Option 2 - Baynes Sound Scenario 2 / Outfall Option 3 - Comox Bar Scenario 3 / Outfall Option 4 - Cape Lazo

3.  Assume same situation as Scenario 2 / Outfall Option 3, based on available modelling information.

1.  Probability rating recognizes that all dry-weather flows receive secondary treatment and disinfection, the WWTF offers sufficient redundancy and process control such that one (1) major process unit / train can be off-line and effluent quality is still maintained, and the WWTF and pumping stations have stationary standby generators.  Severity 
rating based on estimated Year 2035 average dry-weather flow (ADWF) of 2,900 m3/d, a minimum dilution (i.e. low current, summer stratification) at the initial diluition zone (IDZ) of 475:1, assuming complete failure of the effluent disinfection system with membrane bioreactor (MBR) effluent containing a fecal coliform concentration of 10,000 
MPN/100 mL, and in consideration of the approximate  16 d e-folding  time within Baynes Sound (i.e. Figure 4-1, Hay & Company (2003).  Estimated fecal coliform concentration at the IDZ = 21 MPN/100 mL.  Estimated fecal coliform concentration @ 400 m = 5 MPN/100 mL with dilution of 2,174:1.  Given the predicted very low fecal coliform 
levels, while there may be a closure, it is expected that the area impacts would be indiscernible.

2.  Probability rating recognizes that all dry-weather flows receive secondary treatment and disinfection, the WWTF offers sufficient redundancy and process control such that one (1) major process unit / train can be off-line and effluent quality is still maintained, and the WWTF and pumping stations have stationary standby generators.  Severity 
rating based on estimated Year 2035 ADWF of 2,900 m3/d, a minimum dilution (i.e. low current, winter stratification) at the IDZ of 869:1, assuming complete failure of the effluent disinfection system with a high-rate activated sludge (HRAS) system producing effluent containing a fecal coliform concentration of 1,000,000 MPN/100 mL, and 
recognizing the well-flushed nature of the diffuser location east of Comox Bar  in Georgia Strait (i.e. Figure 4-1, Hay & Company (2003).  Estimated fecal coliform concentration at the IDZ =1,200 MPN/100 mL.  Estimated fecal coliform concentration @ 400 m = 300 MPN/100 mL with dilution of 3,577:1.  Although the predicted fecal coliform 
levels are relatively low, they are 2 orders-of-magnitude higher than those of Scenario 1 / Outfall Option 2 and this relative difference was the basis for the assigned impact severity score.
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